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POLYMETAMORPHIC EVOLUTION OF THE
SEBES-LOTRU SERIES (SOUTH CARPATHIANS) AS
RESULT OF THE ALUMINIUM SILICATE-BEARING

METAPELITES STUDY!

Ton HARTOPANU
Institutul Geologic al Roméniei. Str. Caransebes 1, 78344 Bucuresti.

‘ ' Key words: Metamorphic rocks. Metamorphism. Poly-
metamorphism. Aluminosilicates. P-T conditions. Tso-
grads. South Carpathians.

Abstract: Two important types of metamorphism, the Bar-
rovian metamorphism and the low pressure, intermediate one
are studied in the crystalline area of the South Carpathians,
Sebes-Lotru Series. Arguments are presented for the poly-
cyclic character of the metamorphism in the two areas be-
tween which temporal relations have been established. The
intermineral relations have been mapped and the sequence
of metamorphisms has been established, tracing a palcoiso-
grade line on the map in the crystalline rock area of the
Mehedinti Mts. In the paper the conclusion is drawn that
by tracing the lines of mineral isorelations the areas of phys-
ical isoconditions can be established more precisely and con-
sequently a new image of metamorphic zonality is created.
The final part of the paper represents a structural essay con-
cerning the metamorphics in the Central South Carpathians
in the light of the polycyclic character of metamorphism and
as a consequence of that character. Tt is emphasized that
deformation as an ubiquitous phenomenon in regional meta-
morphism can considerably change the outline of the rock
bodies at mesoscopic level and the character of the bouud-
aries of major rock bodies, due Lo transposition. For pointing
out the blastomilonite alignments it is necessary to take into
account very old disjunctive tectonics. The reasonings that
have led to the conclusion of the domal structural model of
the central zone of the South Carpathians represent a possi-
ble modality of approaching the study of the structure ol an
intensely and repeatedly metamorphosed region,

I Paper received on January 28, 1986, accepted for publication on October L3, D56 This is
a part of the thesis of doctor’s degree held on December, 13, 1982 at the University of Bucharest.
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L INTRODUCTION

Metamorphic rocks incréasingly call for the attention of petrologists, due to:
the complexity of the phernomenon leading to their genesis. The theoretical and
practical bearings of possible reconsiderations of our knowledge of metamorphism
is ever better realized. That is why, like in the case of other numerous modern sci-
ences, the solution to specific petrology problems asks for the eontribution of other
basic or border sciences. Due especially to the progress of geological knowledge,
the field of geology interpenetrates in fact with those of various other sciences, so
that nun'lerous'phcnomena. are no longer possible to explain by common sense or
"at hand” solutions. More and more sophisticated research tools and means are
used, for which the researcher needs special qualifications.

One of the modern means of studying rocks is that of reproducing on a small
scale, phepomena presupposed or deduced from observation and considered to have
participated in the formation of minerals and implicitly of rocks. With this end
in view are investigated the fields of stability of singular minerals, the conditions
of the latter’s genesis, nucleation and decay, the reactions between minerals or
mineral assemblages etc. .

A leading place in the investigation of metamorphic minerals has been held by
the three Al;SiO5 polymorphous modifications — kyanite, andalusite, sillimanite -
minerals of theoretical (being present in metamorphic rocks of a large spectrum
of physical conditions) and practical importance (due to their particular economic
importance accounted for by their high content in aluminium, by their refrac-
tory properties and generally by their possibility of being used for various other
technical purposes).

In metamorphic petrology, Al,SiO5 minerals represent a marker of particular
significance as they share, almost exclusively, the PT metamorphism field. By
empirical observations and more recently by experimental checkings, it has been
established that each of these three minerals has a certain specificity of its field of
existence. So, andalusite is characteristic of genesis conditions dominated by high
values of temperature and low values of pressure; kyanite of conditions dominated
by high values of pressure and sillimanite, as generally admitied, is formed at
high temperatures and pressures. Therefore, by simply identifying one of these
three minerals in a certain association, it can be estimated that at least part of
the minerals making up the rock were formed in conditions specific to the mineral
Al O3 concerned, with which they are associated. In the paper it will be evidenced
that this approach to the problem is nevertheless simplistic.

[n the study of metamorphism, the Al;Si05 minerals are used for establishing
the metamorplhic zonality as index minerals of high and middle intensity zones
both in regional metamorphism and in contact one. The Al3SiOs minerals are
speceific both to low pressure (Pirinean, Abukuma, Buchan) metamorphism — the
case of andalusite and sillimanite -, for middle (Barrovian) pressure — the case of
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kyanite and sillimanite and, finally, often for high pressure metamorphism — the
case of kyanite. =

A. Study Problems

This paper is concerned with metamorphism problems raised by a certain type
of rock — metapelites — which frequently contains kyanite or andalusite and/or
sillimanite. The intensity of the metamorphism that affected these rocks is gener-
ally high and established for the area we deal with, as belonging to the facies of
amphibolites with almandine.

The petrographic and chemical specificity of the rocks containing Al;Si0g min-
erals and their large distribution in most metamorphic areas, on the oue hand,
make these ‘mineralogical associations constant enough so that mineral relations
are usually quite regular and, on the other hand, being ubiquitous, make it pos-
sible for the complex metamorphic phenomenon to be studied in space ~ at least
bidimensionally -. If we add the remark that natural outcrops - especially .
mountain zones — are to be found in a large altitude range and the relations of
successive mineral rise give at least an idea of the relative time formation, it can
be asserted that metamorphism can be successfully studied in a quadridimensional
context on rocks containing AlySi0Os minerals.

We have restricted the petrographic and petrogenetic study proper of the meta-
morphics in the South Carpathians to the area of the metamorphic rocks of the
Sebeg-Lotru Series as we consider them adequate to the study of aluminesilicate
minerals and as they are ubiquitous in the series under consideration. That makes
it possible to follow in spacg the physical conditions having governed metamor-
phism. .

The study of metamorphism has been approached on types of metamorphism,
pointing out the authors’ option for dividing the metamorphic rocks of the Sebes-
Lotru Series in the two metamorphic types already established in broad lines:
Barrovian metamorphism and intermediate, low pressure metamorphism.

The study of the metamorphic textures of the metapelitic rocks has evidenced
the dynamic character of these rocks, that are continually, transformed, the role
played by deformations in facilitating on the one hand various transformations and
on the other hand the separation of metamorphic events. Textural relations are
of great importance as they signify mineral reactions. The identification of these
reactions, if it is correct, represents the surest.step towards the establishment of
the conditions of metamorphism. As any reaction can take a course or ancther,
depending on the physical conditions favouring the formation of the final or the
initial member of the reaction, it can be inferred that the study of textural relations
gives the possibility of establishing not only what mineral reactions took place but
also their sense.

The consequences of the specific conditions in which metamorphism took place
are first of all the formation of metamorphic entities. Detailing things further, a
certain zonality will be related to each type of metamorphism, finally expressing
the spatial position of the gradients of physical conditions.

W/ \l Institutul Geologic al Romaniei
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6 L HARTOPANU

Finally, following the study of mineral relations in the zone of the isograde
planes or at the boundary between various types of tietamorphism, the modalities
of mineral transformation can be identified, by which the passage is made from
a zone of metamorphism to another, the prograde or retrograde sense of meta-
morphism and the temporal relations between various types of metaniorphism.
The last chapter of the paper is dedicated to the most important — in our opin-
ioin —~ contribution of the paper, the establishment of the polycyclic character
of metamorphism. That refers to signalling out the structural consequences of
polymetamorphism, with a concrete example for the zone of the Central South
Carpathians.

B. Investigation of Al,SiO; Minerals. Short History

The importance of aluminium-silicate ninerals being well known in practice,
we must also underline their importance in petrology as markers of the conditions
in which the rocks containing them are formed. '

The first step in the investigation of rocks containing AlsSiOs minerals is the
knowledge of the minerals themselves. The empirical oservations of the relations
and associations of these minerals with the other minerals in the rock permitted
Miyashiro (1949) to propose the first qualitative phase diagram of the Al,SiOj
polymorphs. It has the shape of a reversed Y, dividing the PT metamorphism
field in three domains, one for each AlSiOs mineral. The lines separating the
domains being monovariant equilibrium curves, they converge in a point, called
the triple point, with zero variance (Fig. 1)

Pressure
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ANDALUSITE

T

isf
ULLITE |

1
L

——= Temperature

Fig. 1 - Phase diagram of the Al SiO¢ system (first drawn
up by Prof. Akiho Miyashiro). g.[. - green schist facies:
eal. - epidote amphibolite Tacies; a.l. - amphibolite facies;

p.uf. — pyroxene - hornfels facies; s.f. - sanidinite facies.
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Aluminium Silicate-Bearing Rocks in the South-Carpathians 7

Since 1963 this diagram has begun to be argued experimentally by ever more
researchers. The first studies for establishing the field of existence of the Al;SiOs
minerals are contemporaneous with the first attempts of synthesizing these min-
erals, although that did not initially suppose such an intention on the part of the
authors. So, in 1953 Coes, synthesizing the three polymorphs of the Al;O3 - 5iO,
system, made no attempt to determine their P-7'limits of stability.

In 1954. Roy reported the synthesis of andalusite and in 1955 Kennedy, study-
ing the transition pyrophyllite - mullite up to 2000 bars, supposes the existence
of a solid solution between mullite and sillimanite.

25 15,45,
23
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’
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Fig. 2 - Synthesis of experimental data concerning the kyanite-
andalusite-sillimanite equilibrium and the triple point location.

Griggs and Kennedy (1956) drew a curve — without any other details -~ on the
reaction of equilibrium pyrophyllite - sillimanite + quartz + water.

In 1963, Aramaky and Roy, re-examining the system Al;05-Si0,-11,0, found
out a new Al,SiOs polymorph, artificially synthetized usually in laboratory works.
On the same occasion, the cited authors demonstrated the presence of the phe-
nomenon order-disorder in mullite and probably in sillimanite. This phenomenon
applied to sillimanite is much later discussed by Saxena (1974).

Richardson, Gilbert and Bell (1969) establislied the transitions kyanite-andalu-
site and andalusite-sillimanite by observing the inversions in the polymorph tran-
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8 : I. HARTOPANU

itions of the mixtures of pairs of neighbouring polymorphs. They formulated the
equations expressing the limits of the monovariant equilibrium, as follows:

- for kyanite — andalusite: P = 0.01077 - 1.173 '

— for kyanite - sillimanite: B = 0.02347 - 9.63

These curves are convergent in the triple point, which appears in an ex-
perimental uncertainty polygon, situated round the coordinates 5.5 kbars and
622° C.

It can therefore be noticed ‘that most experimentalists or theoreticians have
tried to locate in a bidimensional space the position of the stability field of each
of the three aluminosilicates. These efforts are partially reflected in the diagram
in Figure 2, showing a few possibilities of distribution of the domains of stability
of the three polymorph modifications in the PT space.

I. Al,SiOs MINERALS IN THE METAMORPHIC ROCKS OF THE SOUTH
CARPATHIANS

A. Distribution

The Al5SiO5 minerals have a large distribution in Romania and our knowledge
of it has been an important step in deciphering the Carpathians chain metamor-
phism. The South Carpathian massifs of metamorphic rocks of high metamor-
phism (and adequalte lithology), where a variety of baric conditions are met, have
the best chances of containing aluminium-silicate minerals with a large distribu-
-tion, sometimes concentrated up to economic levels. i

We have investigated'a large area of the South Carpathians chain, from the
Olt Valley to the western part of the Semenic Massif (Barzava Valley) in view of
identifying the presence of aluminiunsilicate minerals. The metamorphic rock
massifs of the Getic Domain ~ of which we cite — Cépatana, Lotru, Cibin, Sebes,
Godeanu, Mehedinti massifs and most westerly the Semenic massif — have been
paid special attention in this respect, as they met most conditions of the AlSi0;
minerals genesis.

1. Lotru — Cibin Mountains

These two massifs represent a geologically homogeneous zone. The intensity .

of metamorphism belongs to the kyanite + staurolite and sillimanite zone. The
largest development of the sillimanite zone is to be found in the southern part -
of the Lotru Massif. Insular areas have also been identified in the northern and
central part of the Cibin Massif. Silliianite does not exceed quantitatively the
level of minor accumulations devoid of economic importance. This mineral occurs-
as sheaves ~ interwoven with other minerals in the rock mass — ussually in biotitic
micaschists or paragneisses and equally as lenses in the same type of rocks. More
rarely, sillimanite is assoeiated in nodules of 5-6 mum, like, for instance, the nodular
rocks in the basin of the Hoteag Valley, a left tributary of the Lotru Valley.

The most important occurrences of kyanite-bearing rocks are to be found in the
basins of the Sadu, Bistra and Cibin Valleys. It is characteristic of the two massifs
under consideration that the main kyanite accumulations occur in zones of high

W/ \ Institutul Geologic al Romaniei
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Aluminium Silicate-Bearing Rocks in the South-Carpathians 9

altitude. There exist host rocks for kyanite everywhere on the main interstream
area, the most important being those in the Stramba, Craciuneasa, Surdu, Batrana
Summits and in the highest summits — Cindrel, Niculesti, Stefanesti, Dobrunu,
Negovanu, Clabucet.

Kyanite is represented by granoblasts — up to centimetric sizes and is or is'aot
associated with staurolite or/and garnet. d

2. Capagana Mountains

These mountains are relatively poor in aluminiums-silicate concentrations that
are frequent occurrences of petrographic importance. In this massif there appear
all the three aluminium-silicate polymorphs. Andalusite is spread in the central-
southern and western zones of the massif and is associated especially with stau-
rolite, cordierite and sillimanite. Sillimanite occurs mainly in the northern and
eastern parts of the Cipitana Mountains and in their central and western parts
too. Kyanite occupies an area trending north-east-sonth-west, in the eastern hd.if
of this massil.

3. Sebes Mountains

The presence of aluminium-silicates in this area was reported as early as 1932.

The most frequent aluminosilicate-bearing rock occurrences were identified in
the basins of the Galceag, Valea Untu, Sipcia, Parva, Valea Largd, Jerosu,
Jigureasa Valleys — kyanite — and of the Taia, Rascoala, Sasu Valleys - sillimanite.

Like in the case of the Lotru-Cibin massifs, in the Sebes Mountains, the kyanite-
bearing rocks and sometimes the sillimanite-bearing ones are to be found in the
highest zones - Surianu, Parva, Bitrana, Scarna, Godeanu, Dobraia, Clabucet.
The sillimanite zone crops out on a triangular area, with the angle facing the
base in the Comirnicelu — Cugir Valley region, fanning out towards the Petrogani
Basin. Just like in the Lotru and Sebes Mountains, sillimanite in nodules, as, for
instance, those in the Fetita Valley — Fast Jiu Basin -, in the Jigory Mountain at
the spring of the Strambu Valley etc.

4. Mehedinti Mountains

In both outliers — Bahna and Portile de Fier — the conditions have been met
for the appearance of the three aluminium-silicates. In the Bahna Outlier there
is a middle zone that goes beyond the Danube in Yugoslavia, in which andalusite
associated with sillimanite and for cordierite are ubiquitous. Kyanite + sillimanite
ar# found both in the east and in the west of the Portile de Fier Outlier, where only
lately have our researches identified a small zone in which andalusite develops.

* Comparative researches of all the metamorphic rock massifs in the South
Carpathians have shown that it is in the Mehedinyi Mts that the greatest an-
dalusite concentrations occur. We can also cite the presence of cordierite = silli-
manite — bearing zones, with contents in mineral resources comparable with those
in the Capatana Mts. :

5. Godeanu Mountains
The occurrences of rocks containing aluminium-silicates of the Godeanu Massif
can be followed according to the metamorphism zones established by Bercia (1975).

4 \\ Institutul Geologic al Romaniei



10 I. HARTOPANU

The intercalation of kyanite-'bearing rocks occurring in the west of the massif,
between the Idigelu and Somogotin valleys is worth mentioning. Sillimanite seems
to be present everywhere on the Godeanu outlier border, in the east, associated
with cordierite and andalusite. Therefore, from the point of view of the appearance
of aluminium-silicates, the Godeanu Massif can be divided in a kyanite zone in
the west and an andalusite one in the east. '

6. Semenic Mountains

In the order of their importance, the kyanite concentrations known in the
Semenic Masif follow immediately those in the Lotru-Cibin Mountains.

The Semenic Massif was investigaied in search of aluminium-silicates as early
as 1957 by Bercia.

As regards the constancy of the appearance of aluminium-silicates depending
on the already established metamorphism zones (Savu, 1970), it should be pointed
out (like in the case of the Sebeg and Cibin Massifs) that in the Semenic Mts as
well we have found small ”zones” with sillimanite included in a zone with staurolite
+ kyauite, like those on the meridian of the Girana locality. Ariother feature (also
shared by the two massifs above mentioned is that no kyanite-bearing zone can be
separated as an entity, the characteristic feature of the Barrovian metamorphism in
the South Carpathians being the permanent association of kyanite with staurolite.

7. Tarcu Mountains )

As early as 1937, Gherasi reported the presence of sillimanite in the Metamor-
phic Rock Lotru Series in this massif. Equally in this zone, south-west of the Miru
locality, a zone was also identified of occurrence of kyanite-bearing rocks, close to
the Getic thrust line.

8. Poiana Ruscid Mountains

Generally, rocks rich in aluminium-silicates are rarely encountered and poorly
developed in the Poiana Rusci Mts. The rocks containing kyanite are frequent
in the western part of the massif, in the neighbourhood of the Sacu and Lunca
Cernei localities. Kyanite was identified as nests with pegmatoid development of
crystals near the Bautari locality. Sillimanite is found especially in the zone of the
Bautari-Criva and Maciova-Lunca Cernei pseudosyncline.

An overall view of the South Carpathians geology allows, at least for the Sebeg-
Letru Series, a spatial image to be formed on the zonality and metamorphisim types
i this area. At the same time, as evidenced by the microscopic study of these
types of rocks, one can establish the evolution of metamorphism and inplicitly
of the physical conditions it took place in as well as of the spatial and temporal
relations between warious types of metamorphism. .

The conclusion has also been drawn and it has been repeatedly .proved, that
the constant presence of AlsSiO5 minerals and their economically significant con-
centration are different things. We consider the kyanite concentrations worth
mentioning are those in the Lotru Mts., the Negovanu Zone, in the Cibin Mts.,
in the basin of the Raul Mare Valley and in the Godeanu Mts., the basin of the
Somogotin Valley.

Andalusite began to be taken into consideration only a few years ago, by the
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Aluminium Silicate-Bearing Rocks in the South-Carpathians ; 11

Joint efforts of the geologists-prospectors, of the dressing ore researchers and our
own. The most promising region in this respect is for the time being that in the
Mehedinti Mts. - Isverna and Malarigca Villages area. -
Although frequently mentioned before, the area of sillimanite as an index min-
eral in the Central South Carpathians, has been greatly enlarged, due to our pa-
pers. But the very fine sizes of this mineral and its intimate association with other
minerals in the rock - especially with biotite - which introduces an undesirable
Fe percent in a possible sillimanite concentrate — make us be still uncertain as re-
gards its possible economic use in our country. The lenses, decimetrical sometimes,
which we have reported in the Central South Carpathians, in which sillimanite is
concentrated up to stoechiometric AlyOz proportions (on each lens) are quite ir-
- regularly distributed and so far we are not in the possession of a structural premise
to facilitale the identification of a distribution law. i

B. Host Rocks of Aluminium-silicate Minerals

In connection with the host rocks of Al,SiOg minerals, we should peint ont
that the most adequate expression would be ”the rocks which are more likely to
contain” these minerals, as there is a very large variety of association of the min-
erals under discussion with other minerals or with various rocks, respectively. We
can cite as a particular case the association of Al;SiOs minerals with amphibolites
(Berza, Seghedi, 1975, Hartopanu et al., 1977) as well as the more frequently cited
association of microcline rocks with sillimanite characteristic of the upper part of
the amphibolite facies. )

There are nevertheless sure incompatibilities between these minerals and cer-
tain types of rocks, for instance the carbonatic and the ultramafic rocks.

Referring therefore to "the rocks that are most likely to contain Al;SiOs min-
erals”, the literature as well as our own experience lead to the idea that from
the best known host rocks for these minerals ~ plagiogneisses and micaschists —
a selection is necessary of the rocks that could possibly synthetize naturally an
Al,5105 mineral. :

Naggar and Atherton (1970) noticed that the rocks containing kyanite have the
M/FM value higher than 0.540. That would mean that the occurrence of kyanite
is restricted to a small group of rocks with a relatively high Mg content. Therefore,
from the point of view of chemistry, the absence of kyanite in rocks would be due
not to a low AlaSiOs content in the originary rocks - as generally admitted — but
to the absence of rocks with adequate M/FM values. “

1. Micaschists

Are the most frequent host rocks of these minerals (with the possible excep-
tion of andalusite). They are prevailingly made up of a quartz-micaceous matrix,
with grains of various sizes, with which are frequently associated- garnet apatite,
opaque minerals (pyrite, titanomagnetite, tlmenite etc.) plagioclase, stauroclite.
Some of these minerals are often quite largely developed, making the rock have
a porphyroblastic structure, as garnet and staurolite or cordierite frequently ap-
pear in certain sillimanite and for andalusite-bearing rocks. The AlSiOs minerals
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can also be porphyroblastic — kyanite and andalusite ex'celling in this respect — or
participate together with the other mentioned minerals in the composition of the
matrix, sillimanite being worth mentioning from this point of view. Almost never
do the individual grains of the last mentioned mineral develop porphyroblastically
in the regional metamorphism of the South Carpathians but frequently develop in
large crystals in the so-called sillimanite hornfelses of ” Danubian metamorphism”,
synkinematic in Savu’s acceptation (1975). .

Andalusite and kyanite crystals usually appear isolated, unlike sillimanite ones
wich are associated in sheaves, nodules, lenses. '

2. Plagiogneisses

We use this term for plagioclase gneisses. They represent the correspondent of
what we usually call paragneisses. We prefer the first term for being consistent in
the use of non-genetic terms. '

In these rocks with prevailingly granoblastic structure, oligoclase plagioclase
appears more frequently and is more largerly developed. AlSiOs minerals develop
in smaller grains and in smaller amounts than in micaschists. Similarly, garnet
and staurolite have limited development, which makes them equigranular. Both
micaschists and plagiogneisses with Al,Si05 minerals are more frequently biotitic,
but muscovite is also always present. ;

HI. METAMORPHISM
A. Types of Metamorphism. Areal Distribution

From the description of the mineralogical associations of aluminium-silicate-
bearing rocks in the South Carpathians a paragenetic bipolarity of the types of
metamorphism, results:

-mineral associations including andalusite and /or cordierite, both of them pos-
sibly associated with sillimanite;

- mineral asociations including kyanite = staurolite or sillimanite.

. The areas distribution of these associations are large enough and clear-cut so
that there can be no doubts about their specificity and individuality. )

The largest area is that of the rocks containing kyanite 4 staurolite or silli-
‘manite, the association specific to the so called metamorphism of Barrovian type.
On the territory of this type of metamorphism, another type of metamorphism,
the low pressure, intermediate one was superimposed. These two types are quite
well separated, the band where thieir elements intermingle being rather thin.

The mineralogical associations described above are highly constant in what
spatial distribution is concerned, being naturally hosted in metapelitic rocks-
plagiogneisses ans micaschists and only infrequently in other types of rocks, such
as quartzo-feldspathic gneisses, stromatitic migmatites, amphibolites, quarizites.

‘A problem worth considering is that of establishing if the mineral associations
specific to each type of metamorphism, including the associated minerals in the
rocks containing these assemblages, are or not in equilibrium. Generally, the

imbalance phase is faithfully mirrored by the ‘mineralagical or textural imbalance . *
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identifiable in thin sections. We shall resu.ae this problem in the chapter treating
of textural relations.

The distribution of the two types of metamorphism of the rocks in the Sebeg-
Lotru Series has come to be known gradually, in proportion with the deciphering
~ of the metamorphism in this area. Initially it was thought that all the rocks in this
series belong to the Barrovian type of metamorphism in the facies of almandine-
bearing amphibolites.

The Danubian metamorphic rocks were considered epimetamorphic for a long
period of time. It is only recenly that the intensity and type of metamorphism
affecting this series could be correctly determined following the identification of
kyanite and staurolite in the Drdgan Series (Iancu, 1974; Berza, Seghedi, 1975).
The Lainici-Pdiug Series arises even more intricate problems as the present day as-
pect of rocks is due to successive phenomena affecting them, such as: a wide scale
migmatization, the presence of granitoid rocks — potential thermal sources addi-
tional to the regional geothermal gradient — a regional retromorphism that often
effaced both the traces of previous deformations and the petrographic evidence of
the intensity of metamorphisin preceding the one visible now.

The aluminium-silicate minerals in the Draggan and Lainici-Paius Series have a
major significance in making out the metamorphism (possibly the mel;amorphlbms)
they have been subjected to.

Other metamorphic series, more recently evidenced, will have to be discussed
also in respect of the intensity of their metamorphism. But, as they do not contain
aluminium-silicates or contain such minerals only accidentally, they will not be
dealt with in the present paper.

The thorough but gradual investigation of metamorphism in Romania has de-
termined the reconsideration of what, in the light of former data, appeared to be
specific features of the metamorphism in the South Carapthians. The first step in
this respect was the identification of minerals non-specific to the Barrovian type of
metamorphism. Thus, Trifulescu et al. (1958} were the first to report andalusite
in the Mehedinti Mts; Bercia the first to describe andalusite and cordierite-bearing
rocks in the Godeanu Mts (1972); Mrazec and Murgoci (1897) and Trifulescu (in
Hartopanu, 1975) have full priority in pointing out cordierite and andalusite re-
spectively, in the C3pitana Mts. In Romania it is Bercia (1972) who first reported
and discussed the low pressure, intermediate type of metamorphism and delimited
a zonalily in the area affected by it, exemplifying his assertions with the Godeanu
Mts. A similar zonality as well as genetical remarks on this type of metamorphism
in the Mehedinti Mts were contributed to by Hartopanu (1975). The same author
has also formulated the hypothesis of a large area of intermediate type meta-
morphism, from the Godeanu up to the Cipatana Mts, very much fragmented
at present. Bercia and [Martopanu (1980) made certain specifications, synthetiz-
ing the existing knowledge concerning the relations between the metamorphism of
Barrovian type and that of low pressure, intermediate type and {ormulating three
genetic succession hypotheses.
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-

Areal Distribution of Metamorphism Types

We have chosen to treat here only of the types of metamorphism to be found
in the Sebes-Lotru Series of the Getic metamorphic rocks, as they are well defined
and have a relatively well known distribution.

As already shown, the apurtenance of the Danubian metamorphic rocks to a
certain type of metamorphism could not be, objectively, very well established. The
absence of a lithology adequate to the formation of specific index minerals, the
existence of mineral associations giving equivocal or non-typical information, the
dissappearance, following migmatization, of textural elements or of those of the
former petrographic composition, the thermal influence due to granites regional
retromorphism make it very difficult to obtain a comprehensive image of the area
concernesd.

The considerations on these rocks are due especially to interpolations on large
areas of data concerning isolated spots, unlike in the case of the area of Getic
metamorphic rocks, where the index minerals are quite frequent.

Therefore it can be said that within the metamorphic rocks area of well known
distribution and Barrovian Lype metamorphism, low pressure, intermediate meta-
morphism zones can be separated, ds follows (IMig. 3).

'y
Fig. 3 - Types of Metamorphism in the Getic Crystalline Rocks, 1, Barrovian
metamorphismy; 2, Intermediate, low pressure metamorphism.
In the Godeanu Mts the area of Pirinean type (intermediate, low pressire)

metamorphism lies east of the outlier, between the Cerna fanlt 1o Lhe cast and a
slighi. bend to the west,
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It is highly probable that the few tectonic problems mentioned by Bercia are
in fact much more numerous as during our investigations in the Godeanu Mts we
have found evidences of the presence of the Barrovian type in the very heart ol Lthe
area of intermediate type of metamorphism, like, for instance, the kyanite-bearing
rocks in the left bank of Paraul Naiba.

In the Mehedinti Mts, the area occupied by metamorphosed rocks of the
Pirmean type represents most of the Bahna Outlier and a small part of the Portile
de Fier Outlier. In the former, the area with low pressure metamorphism lies just
in the niiddle. This area passes beyond the Danube in Yugoslavia, as shown in the
geological and metamorphism mwap of Europe.

We have also figured a very thin zone of intermediate type metamorphism
east of the Ciregu locality, close to the plane of abnormal contact delimiting the
Bahna OQutlier to the cast. It probably represents the westward prolongation of
another zone of low pressure metamorphism we have delimited in the Poriile de
Fier Outlier, in the Neviat Hill-Firizu Valley zone. -

In the CEpdtana Mts, the intermediate type metamorphism has been described
and defined os such more recently. The area of this type of metamorphisni liss in
the western part of the massif (in the Getic metamorphic rocks). Besides the three
zones mentioned above, the possibility has also been considered that the Vilari
Outlier of metamorphic rocks should he also part of the low pressure metalor-
phism area (Hartopanu, 1975). In this outlier we have identified metapelitic rocks
containing sillimanite and isomeiric pinnite nodules resembling those which form
on porphyroblastic cordierite.

B. Evolution of Metamorphic Crystallization Deduced from Textures

The notions of structure-texture tend to be mnore and more frequently mistaken
for each other, both becausc their scope interferes to vacious proportions in various
papers and because the English literature and partially also the Prench ope give
them reversed meanings than other literatures.

Certain authors (Vernon, 1976) definitely prefer the notion of siruciures as:

—lexture is used especially for the orientation present in synthetic materials,
especially metals;

= the term of microstructure very well fits other two commonly used terms of
structural scale, i.e. mesostructure and microstructure.

Zwart (1962) in his works of mineral chronology also uses the notion of structure
. or microstructure for which the notion of texture is used by Romanian researchers
and by researchers in other countries.

As for us, we prefer the tern fezlure as it is still frequently used - partially also
out of inertia - in literature. We think it necessary to point out the specificity we
give to this term for the situations we want Lo present. Extending the definition
of texture considered to represent the shapes and sizes of the grains in a metmumor-
phic rock or the shapes and disposition of grains in a metamorphic rocks (Spry,
1969) we have also included un the notion under discussion the rmntual relations
between minerals, their sizes or their degrees of deformation. We also refer to the
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relations of direct or mediated substitution or to the degree of idiomorphism or
other features that could give indications on the relative age of certain minerals in
comparison with others or with major geological events, such as metamorphism,
migmatization or deformation phases.

Our intention and the purpose, declared or not, of many petrology works is
that of making a chronological analysis of the formation and growth of the main
minerals of the rocks.

Metamorphic rocks, as shown by their very name, represent the product of
transformations of rocks pre-existing metamorphism. The much more advanced
degree of knowledge of this type of rocks, the details reached in the study of
their petrography have been determining a change in the understanding of the
notion of metamorphism. As this notion also includes changes subsequent to the
first, mineral transformations it is necessary-to separate ju time the minerals and
groups of minerals formed more or less in the same (larger) period of time.

How can this separation be made 7

First of all one should consider an important system of reference, supplying
data on 1he relative age of a mineral assemblange, i.e. deformation. In numerous
mmstances, deformation is only interpreted as a direct and visible effect of stress on
rocks or on certain minerals. In this particular case we can consider the metamor-
phic rocks themselves to represent a special case of the relation between mineral
deformation and blastesis. These rocks can be grouped under the general concept,
of tectonite, characterized by preferentially oriented textures of.minerals, as an
effect of stress. This effect, of changing the volume and shape of rocks, is defined
by the notion of deformation, a differential movement on equivalent areas, which
an take place in time at various moments in relation with crystallization. It is
therefore possible for certain minerals to be formed during or after deformation
movements (beside the usual situation of crystals or rocks deformed after their
formation), and in this case, the minerals show certain specific features.

Syntectonic or syndeformational crystallization have been discussed by many
scientists but they referred primarily to minerals growing as porphyroblasts.
It is obvious that these minerals were not the only ones formed during this time
interval. The minerals making up the rock matrix constituting much of its volume
are equally worth taking into account. The most important of them are micaceous
minerals, quartz, feldspars, il we refer to metapelitic rocks, which make the ob-
jeel of our study. They frequently contain garnet, staurolite, kyanite, andalusite,
cordierite, porphyroblasts. Only accidentally do these porphyroblasts represent
an important percent of the groundmass. It is hard Lo imagine thai the remaining
minerals building up the matrix were formed by mimetic static crystallization sub-
sequent o deformation movements as that would suppose the existence of a source
ol remanent energy, one of those existent during these movements. It is more nat-
ural to consider deformation movements as an occassion and an energetic source
for the massive neoformation of minerals, materializing the S planes born through
the deformations invoked. Neoformation minerals are permanently tn step with
the deformation, so that when it ceases Lhey represent their final product and the
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aspect of the final position of the planes in which it took place. Thus, these -
erals won’t be themesclves deformed but will only be the final image of movement.
That could have been in fact already supposed, as the minerals for which there are
evidences to have grown synkinematically porphyroblastically are not deformed.
It is still difficult (o absolutely differentiate between synkinematically erystallized
minerals and postkinematic ones mimetically crystallized in the foliation plane. It
is also equally difficult to differentiate a porphyroblastic mineral without Si from
the others in which the 57/Se relation can be examined. (Si represents the inner
sfructure of a crystal and a surface substancialized by trails of inclusions; Se is the
surface S outside the crystal and can be represented by schistosily or bedding).

As already shown casually, other elements that separate in time the minerals
in a rock are: . '

— The relations of substitution between minerals; the substituted mineral is at
least synchroneus but usually older than the substituting one. Bul as it appears
at first sight, the relation of substitution can be false, as we are often tempted
to judge it by the fact that the substituting mineral occupies a large arca and
includes the mineral considered to be substituted. In fact that could appear only
as a result of the unfavourable position in which the section was cut. The certitude
of the sense of substitution can only be given by the statistic character of a certain
sense of substitution, to which can be added the optical and therefore also the
crystallographic orientation of certain relict clements included in the substituting
~.mineral;

- The degree of idiomorphism can also give indications of age relations, the
conclusion being drawn that a ”more idiomorphic” mineral is younger than a less
idiomorphic one that was subjeet to one or more deformations. This criterion
is much less frequently used than others as an idiomorphous mineral can only
be formed under special conditions (in metamorphic rocks), i.e. in static, post-
deformation conditions. Idiomorphism also depends on the crystallization foree
of a mineral, as the crystallization space in a solid environment characteristic of
metamorphic rocks is by far more constraining than that in a rock of magmatic
affiliation. Therefore there will be situations of static erystallization under circum-
stances of tectonic calmness, without the possibility of identilying idiomorphically
grown minerals,

The reversed situation is also possible, i.e. an older and harder mineral than the
host rock can outlive a deformation with differentiated action, the matrix behaving
as a lubricant for harder porphyroblasts: the degree of deformation represents even
within the same mijneral species an important element of age separation. But it is
unlikely that this criterion can be indistinetly used, as certain minerals are more
susceptible to deformation while others react to it much less or less visibly than
others.

The conclusion of enumerating the above mentioned criteria is that it is hard
to determine the crystallization sequence i a metamorphic rock, that, to this end,
several criteria have to be considered and the operation needs much insight and
discrimination for leading to a reliable result.
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For examining the sequence of crystallization of the minerals in the aluminium-
silicate-bearing rocks we are going to investigate metamorphism zones according
o types, as presented in the preceding chapter. That will be proved useful be-
cause in the two types of metamorphism there are different minerals. The mineral
associations belonging to the two types will be discussed ounly when the relations
between intermediate, low pressure metamorphism and Barrovian metamorphism
are continued. I

1. Metamorphic Area of Bavovian Type

As shown, metapelitic rocks included in this area have a relativaly simple min-
eral association with prevailingly micaceous main minerals (biotite and muscovite),
behaving like a matrix in which garnet, staurolite, kyanite, plagioclase porphyrob-
lasts are included. In the attempt of unravelling the evolutionary character of the
investigaled rocks we have used intermineral relations as well as relations between
minerals and deformation. ’

In this respect,” three calegories of minerals have been distinguished: relict
minerals, remobilized minerals and minerals of late formation. .

Relict minerals arc considered those which antedate deforiation movements.
The species of such minerals can also be formed duriug or after deformation move-
ments, but the latter have different morphologic features. They were probably
formed during an older metamorphic event, whose traces were so much effaced
that we can only have disparate information about it. These minerals (kyanite,
staurolite, garnet, biolite) are to be found as relict only in the staurclite + kyan-
ite metamorphism zone, being almost totally distroyed at the present level of the
sillimanite metamorphism. We have faced major difficulties in deciphering and
differentiating various types of generations of sillimanite, especially because of the
small sizes of this mineral.

Remobilized minerals are those possessing a high capacity of reorganization
during deformation movements, making the rock form a new fabrie that has the
marked tendency of effacing the former. This reorganization refers especially to
micaceous minerals but it can also affect some other minerals such as kyanite,
garnet staurolite that show morphologic characters and relations demonstrating
their neoformation.

Synthetizing everything that has been assertied so far, we should like to point
oul that the elements of an older generation of minerals are reorganized in a new
generation on the basis of the same mineral species,

. The group of minerals of laier generation includes in the systemaltics presented
here the minerals crystallizing statically, after deformation movements came to an
end. They are oriented atl random in the rock texture, which particularizes the
minerals formed during deformation. But they can also crystallize mimetically,
in directions of maximum growth facility in which case they cannot be too easily
discernible from synkinematic ones.

Relicl minerals are recognizable by the high degree of deformation which dis-
tinguishes them from the minerals in the last two categories. According to their
age, we can also obtain further indications for grouping the minerlas by the more
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advanced degree of digesting of older minerals in comparison with younger ones,
by the former being digested and included in the latter, by the degree of idiomor-
phism and the conformous or unconformous position in the oriented texture of the
rock. ' ‘

We are going to present significant mineralogical and textural features for
demonstrating the coexistence in the pelitic rocks of the Getic Realm in the South
Carpathians of at least two mineral generations as well as of the creation of a
main foliation plane, the outcome of a deformation phase superposed on older
relict planes.

As already shown, the deformation contrast can point out various periods of
genesis of older and younger minerals respectively. In this respect in Plate 11,
Figure 1 the contrasting behaviour of garnets can be noticed, in respect of the
prevailingly micaceous matrix including them. The garnets arc generally broken,
crushed, elongated into the foliation plane. Unlike garnets, micas, the main con-
stituents of the matrix are not at all deformed, even when the matrix is undulated
or microfolded. Tn this case the lold is made up of rectilinear sections of micaceons
minerals, which proved they haven’t been deformed after their formation, as the
fold is synchronous with the genesis of micas. It is difficult Lo imagine the exis-
tence of a selective effort which affected only the garnets and totally spared the
micas (which are not even bent). A visible deformation contrast can also obseved
belween the micas and the kyanite. A prevailingly muscovitic matrix, ta which
some biotite iz added, contains bent kyanite porphyroblasts. The kyanite shows
rolling extinction (PL. I1, Fig. 2), coexisting with underformed micas. Even al a
very marked folding (PL IIT, Fig. 1), micas can be observed in rectilinear crystals,
including a kyanite crystal with deformation twins.

The kyanite can be deformed also rupturally (PL. 101, Fig. 2), the environing
micaceous minerals in the wall rock remaining unaflected. The complefe break of a
kyanite erystal is often accompanied by the infilling of the break with younger mus-
covite. A relict mineral not so easily discernible by deformation contrast is biotite,
Nevertheless there have been observed relict, deformed and usnally chloritized bi-
otite crystals, embedded in & muscovile matrix. From what we bave ohserved
so far, muscovile is less resistent to deformation, being able to reorganize readily
m the movement-deformation plane. Rarelier, bunches of muscovite cryvatals are
observed, cut across and persisting as relics in the newly formed matrix.

The character of older or younger mineral can be illustrated cqually by the
digestion of certain minerals by others, which proves the rock evoived towards new
physical conditions in respect of which older minerals are not in cquilibrinne. So,
in Plate TV, Figure 1, there is a kyanite crystal partially digested by quartz. The
kyanite is bent and coexists with undeformed micas. Similar digestions can also
affect garnet, which gets a skeletical look. The minerals involved in the digestion
of garnet are usually quartz, muscovite, biotite and even sillimanite, that of the
last one taking place under special circumstances, that will be discussed later on.

The difference in age between minerals can also be emphasized by the position
of the trails of inclusions in porphyroblasts, determining the so named $i (that
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should be distinguished from the S of the foliation of the adjacent matrix which is
named Se).

The Si in the kyanite erystals indicates an old foliation (different from that
visible now) (PL. IV, Fig. 2) that is slightly bent, that the kyanite was a little
bit rotated during its crystallization. The unconformable position of Siin relation
with Se points to a marked rotation of the kyanite crystals after their genesis,
due to tangential movements. During these movements, the micas making up the
matrix were formed and the present § plane was completed.

The minerals forming the pressure shadows are represented by quartz and/or
micas.

Plate V, Figure 1 shows the same angular unconformity of Si versus Se. This
time the old crystal is a plagioclase feldspar including a S1 made up of rows of
inclusions divergent in aspect, differing form the S of adjacent micas. The fan-
like aspect of the rows of inclusions in the feldspar represents a consequence of
the slowing down of the speed of the crystal growth in comparison with that the
crystal rotates with,

The garnet was most frequently affected (due to its capacity of retaining or not
inclusions, to its isometric habitus and therefore to the possibility of being easily
rotated) by the deformation movements to which the rock or its constituents were
subjected. That means we can extend the phenomena we intimate to have affected
the garnet also to the minerals contemporaneous with it.

Plate V, Figure 2 illustrates very well the factors growth-rotation-deformation
in a garnet crystal. So, the Sshaped inclusions in the centre of the crystal attests a
rapid initial synkinematic growth followed by stagnation, during which the mineral
was subject Lo deformation efforts producing kink bands as well as crystal rotations.
A period of very rapid static growth followed when the rows of inclusions were
disposed in concentric bands. The pressure shadows, the slightly ellipsoidal shape
of the garnet crystal attest the existence of subsequent movements with which
we can probably correlate the formation of the present foliation, ol the micas
materializing it implicitly.

Another way of assigning Lhe relative age of minerals is that of studying the
reciprocal inclusions in one another. There have been found oul garnet inclusions
in kyanite, kyanite inclusions in garnet, kyanite inclusions in biotite and plagio-
clase, staurolile ones in kyanite ete. All of them indicate first of all an order of
crystallization which, as results from the above-mentioned relations, can some-
times be ambiguous. But these relations can also signify that a new mineralogical
associalion sels in place of an older one, which lias become unstable, potentially
replaceable.

From what Las been presented so far the conclusion can be dvawn that in most
cases neoformation minerals are obviously represented by micas, relict minerals,
such as kyanite, staurolite and garnet, being visibly resynthesized only to a lesser
extent. The possibility of relict. minerals to outlive a massive mineral necformation
s generally very slight. Tt can be considered 1o depend on the speed of growih of
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old paragenesis. An importaut factor in the process, especially when hydroxylated
minerals are involved, is the amount of fluids existing at the moment of mineral
deformation and neoformation.

In what follows we are going to present an example of advanced deformation of
a kyanite-bearing rock as well as its consequences, one of which is a considerable
mineral neoformation.

The coupling ol these two important phenomena, strong mineral deformation
- active mineral neoformation, has resulted in an altogether peculiar texture that,
according to the information we possess so far is unique all over the world.

In the field, the texture we have referred to has been identified in the kyanite-
bearing rocks of the Getic metamorphic rocks in the Sebeg Mts, on the right bank
of the Jigureasa Valley (Strei Basin) (Fig. 6).

The kyanite-bearing rock we have identified on surface is 20-30/50-60 m in size
and shows textural features that are not shared by the countfry, equally kyanite-
bearing rocks. It is an apparently unfoliated quartz-micaceous rock, containing
kyanite megablasts of important sizes (1-10 em long/0.5-2 em thick) oriented at
random in the groundmass. Garnet, staurolite and plagioclase feldspar, (usually)
chloritized biotite, (often) sericitized muscovite also participate in the rock comi-
position.

As a whole, the rock can be regarded as consisting of a microsmedium erys-
talline equigranular matrix of the above composition with kyanite megablasts in-
cluded in it.

What is specific to the rock is thal in most cases the kyvanite megablasts are
bordered by staurolite microcrystals (Pl VI, Tig. 1). The rock is surrounded by
common foliated micaschists containing kyanite, staurolite and almandine.

Most staurolite crystals bordering a kyanite erystal have the same optical and
crystallographical orientation. This seems to be due to the epitaxial intergrowth of
staurolite on kyanile as the crystallographic relations between the two minerals are
always the same: the kyanite "¢ ™ crystallographic axis makes a small angle (not
larger than 10%) with the staurolite ” ¢ ™ axis, as shown in the diagram in Figure 4,
built up according to universal stage measurements). Thercfore the two minerals
Joining planes are to be found in the "¢ axis zone. The epitaxial intergrowth
of the two minerals is accounted for by the identical structural configuration of
the staurolite (010) face and the kyanite face. Quite frequently the kyanite and
the staurolite bordering it are not in direct contact. There is usually quartz in
between, that, as will be seen, replaces much ol the kyanite (PL VI, Fig, 2).

The matrix represents the rocks groundmass. It is micro-medium crystalline
and simple in composition: muscovite, quartz, biotite 4 plagioclase. Unlike the
other kyanite-bearing metamorphic rocks in the region, the minerals building up
the matrix (just like the kyvanile megablasts) are apparently dispesed at random
and therefore make up an isotropic texture. The statistic diagrains oviented after
the micas cleavage planes indicate the spatial isotropic disposition of Uiese miner-
als. That results from the relatively high dispersion of the cleavage plane poles in
the three stereograms, perfornied on three reciprocally perpendicular sections; it
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is therefore obvious that there are no prefential orientations of these minerals or
that there are several such orientations in superposition (Fig. 5 A,B,C).
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Fig. 4 - Stereographic plot of kyanite and staurolite erystallographic
and optical elemeuts: a, kyauite; b, staurolite, 1,2-kyanite cleavage

planes.

The study of the evolution in time of the phenomenon under investigation has
been approached starfing {rom the premise that it is malerialized in the structural
and textural details of the rock, which shows concentric zones corresponding to
the processes that led to its formation. In the vecinity of the surrounding mi-
caschists rocks show features of fransition between Lhe rock with megablasts and
the neighbouring micaschists. In its central part, the most typical ene, the rock
is totally devoid of the textural features of micaschists. In this way, the study of
the temporal evolution can be considered the equivalent of the spatial sequence of
transitions between the unaffected rock and the completely transformed one.

Irrespective of the cause of the phenomena observed, the spatial succession
renders tlie temporal one with the necessary and sufficient condition of the min-
eralogical uniformity of the mass of rocks subject to transformation. We consider
this condition could be met with, as the voiume of rocks affected by the mentioned
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Fig. 5 - Stercographic plot of the poles of wmicas cleavage planes; 1, poles of muscovite
cleavage planes, 2, poles of biotite cleavage planes, Section A = 221 poles; Section B

= 1940 poles; Section © = 224 poles.

processes was rather small. Therefore, starting from the outer part of the rock
under study we shall follow the main phenomena produced.
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In the zone of the first occurrence of kyanite megablasts, the almost total disap-
pearance can be observed of the big garnet crystals that were replaced by numerous
small garnet crystals with a marked idiomorphism. The latter are included either
in the micaceous-quartzose matrix or in the newly born kyanite megablasts. In
the matrix there are still to be found numerous deformed kyanite megablasts (PL.
VII, Fig. 2).

The newly engendered garnet can be diflerentiated according to its being or not
included in kyanite. The garnct uncluded in kyanite further evolved in the matrix
containing it, so that a lack of balance appears between its central part (probably
after having ceased to grow) and the matrix hosting il; numerous grains are turned
into "atolls”, the gamet core being replaced by mica or quartz. Unlike it, the
garnet included in kyanite has remained unaflected, showing high idiomorphism
and crystal integrity (PL VI, Fig. 1).

No distinctions are noticed between the sizes of the garnet in the matrix and
that included in the megablastic kyanite, which leads to the conclusion that the
crystallization of garnet ended when that of the megablastic kyanite began.

We should also mention the existence in the kyanite megablasts of a few, often
bent trails of inclusions, mainly represented by quartz and undeterminable opaque
minerals, submicroscopic in size. They can be proof of a texture pre-dating the
newly formed kyanite or of movement during the crystallization of kyanite. This
movement may also have taken place after the growth of megablastic kyanite had
ceased, as the trail inclusions have unconformable positions in the isotopic mnatrix
as a whole, or in respect with the matrix just next to the kyanite crystal, which
often has a planary arrangement, strictly in this zone (Pl VII. Fig. 1). The
possibility of subsequent movements can also be attested by the rare incchanical
twinnings of the megablasic kyanite. Last bul nol least we should point out
an element characteristic of the whole rock under discussion, i.e. the speed of
neoformation kyanite and garnet growth. In our opinion the megablastic kyanite
had a very high growth speed since, during its blastesis, it included not only
common mineral inclusions of micronic sizes but also garnet crystals lying in the
mabrix.

As for the garnet crystallization growth, it can be said to have been very rapid
in the first growth interval (the central zone being generally rich in inclusions) and
slow in the final growth period, when the clear marginal zone was formed.

Finally, the central zone of the rock body with megablasts is characterized by
the formation of the staurclite border by the end and parlticularly at the very
end of the period of kyanite crystallization. That border is made up of separate
staurolite erystals regularly disposed in respect with the orientation of the kyanite
crystals with plays the role of support as shown in the general presentation.

We consider much of the quartz included in the megablasts has been emplaced
after the staurolite crystallization, since there is a relation of constant position
between this last mineral and the megablast-support in spite of the fact that these
two minecals are never in direct contact, quartz being found in between. The
disposition of the quartz inclusions in kyanite in trails looking like a paleotexture
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— as is often the case — can mean that on its track favourable conditions were
created for quartz to be formed (Pl. VIIL, Fig. 2).

A few more elements are necessary for reaching a comprehensive description of
the way in which the rock under study could have evolved. In the area where the
megablastic kyanite-bearing rocks crop out lineations with two trends, SSE-NNW
and E-W, coexist. On the geological map of the surrounding zone (Fig. 6) it
can also be noticed that the main rock bodies trend approximately north-south,
showing some rast-west "appendices” or including small rock bodies trending east-

wesl.
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Fig., 6 Geological map of the area surrcunding the kyan-

ite megablast pneisses {ace. to Seclaman, 1972): 1, kyanite
megablast gneisses; 2, plagioclase gneisses, micaschists; 3,
microcline gneisses (migmatites); 4, amphibolic gueisses,

amphibaolites; 5, lineations.
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Secondly, we should point out that it is only in point of texture that the rock
we have chosen for our investigation is peculiar among the kyanite and staurolite
rocks present everywhere in the region. As far as its chemical composition is
concerned, it is a "normal” type of rock containing kyanite and staurolite.

All these data make us draw the conclusion that the morphological peculiarities
of the rocks with kyanite megablasts are not due to a different chemistry or a
chemical supply from outside. We propose thercfore the following model of the
genesis of the rock with kyanite megablasts.

Rocks rich in kyanite, containing much garnet and staurolite in normal quan-
lities, were subject to two deformations acting like a couple of forces, materialized
in the two lineation directions and in the (at least) two directions of the micaccous
minerals (Pl IX, fig. 1). The two deformation directions can he imagined like two
intersecting planes. They act through deformation and reorganization of the min-
erals affected by deformation. The utmost effect of rock deformation and therefore
reorganization is therefore to be found at the intersection of the two planes. As we
go away from the intersection, the effect diminishes rapidly, consisting only in the
reorganization of micaceous minerals. The first obvious effect is the formation of
a structure of decusate fype, - like that in the outer zone of the megablastic rock
body -, probably in the first moment of the evolution of the rock under discus-
sion. The formation of this structure was acconipanied by the strong delormation
and digestion of the old kyanite (1)), of garnet and staurolite. Micas, especially
muscovite, seem completely reorganized along the new deformation areas. The
examination of biotite 1s difficult because of its chloritization that aflected both
the old generation and the new one in this outer zone.

A little bit later there appears neoformation garnet of small sizes in numerous
idiomorphic crystals, probably in an environment oversaturated in its substance.
Immediately after garnet ends its crystallization, kyanite megablasts start to crys-
tatlize (D), including and partially digesting the minerals in the matrix created so
far. During all this time, the two directions of movenent ave active, wicas heing
permanently formed, adapting their position both to the mentioned movement and
to the space smaller and smaller as a result of the megablastic kyanite growth.

The considerable supply of "AlSi05” towards the forming megablasts led Lo
a relative enrichment in iron of the rock matrix. which determinéd the sudden
crystallization of staurolite. That took place in the environment the most enviched
i iron (that is in the close proximity of the newly formed kyanite crystals) as well
as in the place the most favourable to nucleation, being epitaxially fixed on the
equivalent faces of the megabiasts.

The staurolite phase was continued by a quariz one, maybe equally the result of
a relative enrichment in quartz. 1 accounis probably for the existence of most of
the quartz included in kyanite as well as for the apparent removal of staurolite from
the kyanite support. All this time muscovite was forming, participating together
with quartz in the creation of the garnet-atoll, by its core losing its equilibrium
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with the fully evolving mairix. Equally on that occasion many staurolite crystals
lost the idiomorphism they are supposed to have had the moment they were fixed
on kyanite.

The movement continued during the whole period of evolution of the rock,
leading to the chaotic disposition of the kyanite erystals and of the minerals in
the matrix, represented mainly by biotite and muscovite. The combination of the
main movement trends, to which, at a certain moment, the rather rigid megablast
bodies began to resist, finally led to the isotropic orientation of the micaceous
minerals in the matrix and therefore to creating a tectonite with low symmetry.

The small size of the megablastic rock body could be explained by the rapid
loss of the cumulated eflect of the two planes of movement, deformatien and re-
organization of mincrals, as the distance from the point of intersection becomes
greater. The spatial position of the rock body and its shape can give information
on the position and shape of the two mentioned planes. The existence of the two
lincation systems in other zones as well supposes at 4east partially, the existence of
the conditions leading to the formation of this structural type. The peculiarilies
of such a rock will be determined by the type of initial rock as well as by the
intensity of joint deformation movements.

The foreseable consequence of the simultaneous action of two directions of
movement or of two deformation planes is the higher degree of deformation of the
rock and its texture becoming more intricate. The rapidity of mineral neoformation
represents the premise of the (even metastable) survival of some minerals of an
older paragenesis. In the chapter referring to structure we shall give another
example of simultaneous deformation along two directions accompanied by a rapid
mineral neoformation favouring the preservation of oider minerals.

From what has been presenled it results thai the deformation movement we
should like to point out has almost totally reorganized the micaceous minerals.
Anyhow, they attest a decp zone where deformations are active, unlike the situ-
ations when micas, belonging fo the same petrographic types as those examined
have been subject to deformations of kink bands type or of bend type.

The presented elements point out certain features of the metamorphic rocks in
the Sebes-Lotru Series, the area of Barrovian metamorphism. The most important
observation is, in our opinion, the classification of minerals according to their
age, judging by the different degree in which they were deformied: and digested.
This analysis led to the conclusion that all the minerals have been subjected 1o
a characteristic deformation. Their reaction, besides deformation proper, was of
distruction, accompanied by permanent mineralogical neoformation. It is difficult
to establish which was the way and the kind of passage from the old generation
to the young one. But it is remarkable that for the rocks under study, their
recomposition in the final phase has an isomineralogical and isochemical character,
in most cases the minerals existing in both stages of the rock: the old one and new
one.

Some minerals can combine in new species. Thus staurolite can contribute to
the formation of much of the newly formed biotite; kyanite can be recomposed
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in sillimanite (or can) participate in the formation of muscovite; garnet can ve a
source for the formation of biotite, of sillimanite etc. In any case, the decompo-
sition of old minerals as a consequence of deformation represents the premise for
the formation of new ones. In this case the transformations observed have to be
regarded as mineral reactions that can be materialized in equilibrium curves be-
tween the members of the reaction. Bul since these curves separate stable mineral
assemblages in different fields proper to them, deformation proves to be a factor
in metamorphic zonation.

Another characteristic element of the investigated rocks is the crystallization
of much of the rock mass at the same time with the deformation episode. The
minerals crystallize in the deformation plane, materializing it. The consequernce
of this fact is the reorganization of micaceous minerals following this plane, and
implicitly, the effacement of the old plane in which these minerals were disposed.

In the case discussed here we consider the possibility of a mimetic static crystal-
lization often invoked for justifying the micaceous mineral neoformation is admis-
sible only for a rather small percentage of these minerals. Static kyanite, garnet,
staurolite recrystallizations have also been found. But we also have to point out
the frequent crystallization of sillimanite in fibrous-radial aggregates. This form
is not compatible with crystallization in a field of forces like that existing in the
deformation plane. That is why sillimanite crystallized as such has to be distin-
guished from the broken one or from that disposed in the foliation plane.

The mineral neoformation we have referred to represents a remarkable percen-
tage in the groundmass regenerated during this deformation episode, which makes
us consider that the transformations having affected the rock are quantitatively
comparable with those admitted to take place in a major metamorphic event,
But is has been (ahd still is) difficult to evidence, just because of the vastness of
its spatial development, of the almost complete reorganization of the micaceous
minerals (representing an important percentage of the rock mass and defining its
texture) and, of course, of its age, which makes it very diflicult to identify the
tectonomagmatic cycle corresponding to the event discussed. The intensity of
this new metamorphic event can be judged according to the index neoformation
mineral. As observed, there are proofs of mineral neoformation up to the level of
sillimanite, which makes us consider that the maximum level reached is comparable
with that defined by the old assemblage. But it is rather unlikely that the position
of the metamorphic zones be the same, areas ol higher intensity possibly covering
low intertsity‘ones‘ and the other way round. The identification ol staurolite relicts
in the sillimanite-bearing zones (Pl. 1X, Fig. 2) makes us suppose the first mineral
is representative for a relict metamorphism zone. We have found similar examples
in the Semenic, Sebesg, Cibin, Lotru Mts. )

The effect of the superposition of the metamorphism zones and of the two
metamorphic events is the mixing up of index minerals in the same mineral asso-
ciation leading to the formation of what we have called overcrowded parageneses

(Hartopanu, 1973).

Another consequence resulting in the appearance of new metamorphic zones
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is that the phenomena in the isograde plane became more and more intricate. It
is expected that, because of the characteristic feature of the new metamorphic
event, there will be fewer and less obvious elements indicating the disappearance
of an assemblage or of an index mineral or the incipient appearance of another
one. This new metamorphism will lead to the effacement of the old isograde plane
and therefore of the sharp passage between the old metamorphic zones.

The possible consequences of the settlement of a new metamorphism also regard
absolute age datings of rocks and implicitly of the most important, last metamor-
phic event. Many absolute age datings are based on fresh micaceous minerals.
They are in fact the ages of the metamorphic event generating the fresh micas
and not those of the event during which most minerals of the type of kyanite,
staurolite, garnet were formed.

Finally, another consequence refers to the establishment of the geometry of the
rock bodies, the final purpose of geological mapping. As it is mostly deduced on
the basis of foliation measurements, it is very important that they should coin-
cide with the lithological boundaries. The S5y bedding foliation might have not
been preserved and not coincided with the S; foliation of the first metamorphism
and, as already shown, the 5, loliation of the last metamorphic event, the almost
complete reorganization of micas may be possibly not superposed on Sj. In this
casce Lhe danger exists of tracing the boundaries of the rock bodies on the basis of
geometrical elements that do not coincide with the real boundaries of the litho-
logical complexes and on the basis of disparate lithological elements belonging to
different rock bodies.

2. Metamorphic Area of Intermediate Type

In chapter IIIA we have shown that the minerals characteristic of this type of
metamorphism are andalusite, cordierite and sillimanite. Numerous other foreign
or Romanian authors also consider staurolite to be characteristic of this zone. Our
observations on thin sections from rocks belongiug to the three important zones
in the South Carpathians (Godeanu, Mehedinti and Capatana Mts) in which this
type of metamorphism is widely distributed have made us gradually come to the
conclusion that the staurolite in the area of low pressure metamorphism is only a
metastable relict. It originates in a metamorphism which preceded the low pressure
one and, as we have already shown (Bercia, Hartopanu, 1980), the rclations of
replacement by other minerals indicale its univocal evolution.

As we have presented in the description of the metamorphism of Barrovian
type we shall approach the probiem of the crystallization sequence, establishing
age relations between various minerals or parageneses, in relation with the moment
of deformation, expressed by 5 planes.

We are going to present the textural feature of the aliminium-silicate-bearing
rocks in the three mountain regions mentioned above,

The regular character of the occurrence of these minerals in the Ilwosll;,atenl
zones of the Getic Realm does not strictly represent identical formation conditions.
It is rather due to the quite large range ol physical conditions in whicl cach of
these minerals can appear, to the superposition of their fields of stability over a
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large area. It is therefore natural to try to identify the petrographic peculiarities
of each zone, for discerning paragenetic and physical condition nuances that can
diflerentiate them.

a. CApatana Mountains. As ou tlingd in a previous chapter. the area conlaining
andalusite, corderite and stllimanite lies in the central zone of the mnsat!, at the
sources of the Repedea and Malaia Valleys (Lotru Basin) and of the Luncavay,
Valea Reci, Valea Marita, Urgani, Valea Romanilor and Bistricioara Valleys in the
southern slope of the massif (Fig. 7). It is represented by granoblastic, prevail-
ingly micaccous rocks. The most common mineralogical assemblage is: muscovite,
biotite, efvartz, sillimanite, garnet, andalusite, corderite, plagioclase [eldspar, K
feldspar.  aurolite, opaque minerals, accessory minerals.

ig. 7 - Metamorphic zonality in the Cipitana Mts: 1, Boundary between varions

types of metamorphism; 2, Metamorphic isogrades.

Of all these minerals, cordierite is the most altered, pinnitization being ubiqui-
tous. In the order of susceptibility to alteration there follow the garnet chloritized
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on fissures or rarelier marginally, biotite, equally chloritized, plagioclase feldspar
with irregular scaly muscovite (sericite) patches and pinnitized staurolite. Of the
minerals studied by us it is only cordierite that has been mentioned as such on the
geological map of Romania, scale 1:50 000, Voineasa sheet: ocular and stromatic
migmatites with cordierite.

Andalusite is less frequently found in the area under investigation. It was frst
identified by Trifulescu (in Hartopanu, 1975) in Valea Reci gallery and then by us
in the upper basin of the Milaia Valley, on the valleys in the southern slope of the
massif as well as in the main crest, in the Cocora Summit zone. '

Sillimanite occurs either in largely developed crystals or as fibrolite, throughout
the area under discussion.

The minerals of the metapelitic rocks containing aluminium-silicates and/or
cordierite are, in numerous cases, in reciprocal relations, observable under the
microscope. They can be related to deformation movements, the most important
of which determined the foliated texture of rocks, marking therefore a major event
in the history of their formation.

One of the most interesting observable relations is that of cordierite with an-
dalusite (Fig. 8). No direct relations have been observed between these two
minerals. Cordierite makes up porphyroblasts of the order of 1 ¢cm in which it is
only rarely associated with andalusite. In Figure 8 the cordierite seems to have
been pre-existent to the present schistosity and the andalusite has a static post-
kinematic growth.

Figure 9 shows the relation of cordierite with sillimanite. The presence of
sillimanite as acicles incorporated in cordierite can mean its simple inclusion. This
phenomenon is also proved by the sillimanite needles getting out of the cordierite
boundary, therefore their inclusion was not total. There are no elements leading
to the idea of the selective corrosion of cordierite by the surrounding quartz and
micas. In Figure 10 an aggregate is presented made up prevailingly of andalusite
and staurolite. In the andalusite crystal mass, staurolite and silliman;te crystals
are included. A staurolite megablast is in direct contact with andalusite. The
staurolite crystals included in andalusite show the same optical orientation as
the big crystal, attesting the advancemet of andalusite towards the staurolite,
accompanied by the latter’s digestion by the former. In this case we interpret
the inclusion of sillimanite in andalusite as simple incorporation, judging after its
orientation along the rock foliation.

In Figure 11 the staurolite digestion is disputed between andalusite and biotite.
Both the grains included in biotite and the one included in andalusite have an op-
tical orientation common with the big ”parental” grains. In its turn, biotite is
replaced by other minerals such as quartz, muscovite and chlorite. The muscovite
crystal disposed across the schistosity and which seems to cross the biotite crys-
tals, discontinuing them, is in our opinion younger than the muscovites along the
schistosity. And so is, we think, the biotite formed on the garnet fissure. Therefore
the staurolite seems to be one of the older minerals of the rock, as it appears at
present.
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Iig. 8 - Cordierite-ancdalusite
relation: a, andalusite; b, bi-
otite; ¢, cordicrite; o, opague

inineral. Andalusite parag-
neiss, Valea Reci, CHpitana
Mis.

Fig, 9 - Cordierite-3ilimanite
relation: ¢, cordierite, s, silli-
manite; g, garnet. Cordierite
gneiss, Valea lui Gurgui-Cipi-
LAna Mts,

Iig. 10 - Substitution of stau-
rolite by andalusite: st, stau-
rolite; a, andalusite; s, sil-
limanite.  Andalusite parag-
neiss, Valea Heci, CiApilana
Mits.
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Fig. 11 - Successive substitu-
tions; cl, chlorite; st, stauro-
lite; a, andalusile; o, guartz;
Ly, biotite; mi, muscovite; g,
garnel. Andalusite micaschist,
Valea Reci, Capilana Mts,

Fig. 12 - Substitution of bi-
ctite: b, biotite; s, siiliman-
ite;  a, andalusite; m, mus-
covite. Andalusite micaschist,
Valea Reci, Capatana Mis.

Fig. 13 - Biotite-sillimanite
transition: s, sillimanite; f, fi-
brolite; ¢, cordierite; b, bi-
otite; a, andalusite. Silliman-
ite micaschist, Valea Mailaia,
CHpitana Mis,

¥
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Fig. 14 - Two generations bi-
otite: s, sillimanite; b; bz, bi-
otife; pf, plagioclase feldspar;
c, cordierite. Cordierite-
Learing gneiss, Valea Reci,
Ciapatana Mts.

Fig. 15 - Selective alteration:
m, muscovite; o, opaque min-
eral; s, sillimanite; p, pinnite;
b, biotite.  Sillimanite and
cordierite bearing gneiss, Valea
Malaia,Capitana Mts.

Fig. 17 - Cordierite sub-
stituting biotite: b, Dbiotite;
m, muscovite; ¢, cordierite.
Cordierite-bearing paragneiss,
Valea Craiova, Godeanu Mts.
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The existence of two types of biotite can also be seen in Figure 12, where
there also occurs a second generation of biotite, equally digested by andalusite
and equally transversal on the rock schistosity. The andalusite also includes a
sillimanite sheaf that extends beyond the edge of the andalusite crystal. We shounld
mention the sillimanite seems to pseudomorphose the biotite noticed at the sheaf
extremity included in the andalusite crystal. The sillimanite is also included in
muscovite, but the two minerals can also be synchronous.

Figure 13 shows a close association between sillimanite and biotite. The contact
between these two minerals can be direct but it is most times mediated by the
so-called fibrolite. | '

As regards the frequent association of fibrolite with the deformation move-
ments, the problem can also be put the other way round: either deformation
determines fibrolitization or, fibrolite, being more plastic, yields more easily to
deformation eflorts. '

A few optical determinations of fibrolite proved it to have properties of tran-
sition frorm sillimanite to biotite. Its refringence is closer to that of biotite and its
birefringence resembles more that of sillimanite. The angle of the optical axes is
very small or zero, like that of biotite, which sometimes behaves in this respect
like an uniax mineral, but the optic sign of fibrolite is positive, just like that of
sillimanite. In Figure 46 the contact between sillimanite and biotite can be more
or less mediated by fibrolite.

Another proof regarding the existence of two biotite generations is shown in
Figure 14. What differentiates the two biotites in time is that deformation did
not affect both of them. So, at the upper part of the figure, the biotite along
the foliation is slightly folded, at the same time with the incorporated sillimanite.
Transversally, there is a second generation of biotite, not at all deformed, which
digests the plagioclase feldspar. '

The alteration of the minerals in the rocks under discussion can be selective.
In Figure 15 sillimanite sheaves are seen, included in a pinnite mass; besides
sillimanite, there are also biotite and opaque mineral crystals.

b) Godeanu Mountains. The surface on which host rocks of the three minerals
examined here appear is restricted to the eastern part of the outlier of Getic
metamorphic rocks in the Godeanu Mts, between the Cerna Valley to the east
and a line running approximately SW-NE through the cental part of the launa,
Craiova, Olanu, Balmogu, Ivanu and Cirbunele Valley Basins (Bercia, 1975)
(Fig. 16).

The andalusite, sillimanite and cordierite~bearing rocks include a large litholog-
ical and textural range, between biotitic plagiogneisses, micaceous plagiogneisses
and micaschists as well as quartzo-feldspathic gneisses. Like in the Capatana Mts,
the mineralogical asociation in the studied rocks includes kyanite, besides the three
minerals examined and the other minerals enumerated in the case of the Capatana
Mts. The significance of thissmineral will be presented by the end of this chapter.

Cordierite seems to be more modestly represented than in the Céapiatana Mts,
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Fig. 16 Metamorphic zanadity in the Godeanu M {Bercia, 1975],
1, Boundary between various types of metamorphi=m: 2, Met amorphic

isugrades.

but it is quite well developed so that it can be recognized as such with the naked
eye and its relations with the other minerals can be examined under the mi-
croscope. In Figure 1T a cordierite phenoblast is presented, that includes thice
biotite ervstals in reticular continuity with one another, Therefore it is possible
for cordierite Lo replace a biotite erystal. 1t should be noticed the biotite within
the cordicrite erystal has the same orientation as the micas in the rock. Figure I8
shows the almost total inclusion of an andalusite crystal in a cordierite one. The
latter also contains small andalusite relics with identical orientation against the
big erystal. Therefore the replacement of andalusite by cordierite and a temporal
sequence andalusite-cordierite has become certain. In the right side of the figure
are situated. one next to the other, an andalusile crystal and a cordierite one.
The andatusite erystal includes two small, identically oriented cordierite ones. It
results that andalusite replaced cordierite and the cordierite-andalusite sequence
Leeonies evident.

The two established sequences appear o obvious disagreement, There are three
possible explanations for this situation:
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Fig. 18 = Andalusite-cordierite
relation: ¢, cordierite; a, an-
dalusite; b, biotite. Andalu-
site-bearing paragneiss, Valea
Olanu, Godeanu Mts.

[ig. 19 - Andalusite-cordierite
relation: b, biotite, a, andalu-
site; ¢, cordierite; ¢,  quarts.
Andalusite anel cordie-
rite micaschist, Valea Olanu,
Godeanu Mius.

[Fig. 20 - Possible substitution
of sillimanite by andalusite:
a, andalusite; s, sillimanite;
g garnet.  Andalusite-bearing
paragneiss, Valea Jauna Micd,
Godeanu Mis.
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a) the sequence starts with cordierite, is continued with andalusite and ends
with a new generation of cordierite;

’ b) the sequence starts with a first generation andalusite, is continued with
cordierite, followed by the second generation andalusite;

¢) the andalusite and the cordierite are approximately synchronous.

This last explanation seems to reasonably suit the situation shown in Figure
19, where in a mosaic made up of andalusite, cordierite, quartz and, to a lesser
extent, of micaceous minerals, the andalusite and cordierite crystals respectively
built up groups with identical optical orientations. The part played by quartz in
this assemblage is unclear, but it is likely to have appeared much more recently, in
comparison with the other minerals. The advanced susceptibility of andalusite of
being able to replace other minerals can probably apply to sillimanite too. So, in
Figure 20 the relation between the two minerals can be observed. In the andalusite
crystal there are three small sheaves of sillimanite with colinear disposition that
seem to have belonged to a unique sheaf. The right extinction of sillimanite hinders
us to examine the possible reticular relation that would have existed between the
crystals of the three sheaves individualized by their digestion by andalusite.

The andalusite relative age can also be judged in relation with that of biotite.
In Figure 21 two andalusite crystals are in relation with two types of biotite. At the
upper side of the figure, two biotite crystals are included in andalusite, their optical
orientation being identical. The cleavage traces are transversal on the schistosity
direction of the rock and completely undeformed. At the lower side of the figure
another andalusite crystal contains biotite crystals with identical orientation and
elongated in the sense of the rock schistosity plane. Therefore the andalusite is
younger than both types of biotite.

In Figure 22 one of the andalusite crystals includes micaceous minerals that
would suggest the pre-existence in the area occupied at present by andalusite of a
decussate structure. The replacement of staurolite by another andalusite crystal is
worth mentjoning. The preference of andalusite for incorporating staurolite does
not seem to be accidental. The reason for this preference probably lies in the
incorporated mineral itself — staurolite in this case - which supplies not only the
material of the synthesis of andalusite but also suitable basis for its nucleation or
possibly represents a good substratum for the latter’s epitaxial grawth.

The incorporation of various minerals in andalusite is maybe made even easier
than the digestion. In Figure 23 such a crystal is shown, in which besides the
graphite powder there occur crystals of biotite, opaque minerals (possibly mag-
netite, ilmenite), quartz as vermicles. It is difficult to assert if there is any reticular
link between the opaque minerals. Vermicular quartz has no such linking or if there
was; it was distrubed by certain deformation movements which fractured the an-
dalusite — host and implcitly the incorporated quartz. The sillimanite nucleation
is equally facilitated at the boundary of the mineral grains, as seen in Figure 24,
where the sillimanite occurs among quartz grains on the one hand and feldspar
ones on the other hand. It can’t be said for certain if on the space occupied at
present by sillimanite there wasn’t biotite before and that biotite was the only
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Fig. 21 - Substitution of
both generations of biotite
by andalusite: a, andalusite;
by, bz, biotite; s, silimanite.
Andalusite-bearing micaschist,
Valea Olanu, Goedeanu Mts.

Fig. 22 - Facilitated an-
dalusite blastesis: a, an-
dalusite; ‘m, muscovite
and biotite; st, staurolite.
Andalusite-bearing paragneiss,
Valea Craiova, Godeanu Mits.

Fig. 23 - Inclusions in an-
dalusite: s, sillimanite; a, an-
dalusite; q, quartz; o, opaque
mineral; b, biotite.- An-
dalusite bearing micaschist,
Valea Olanu, Godeanu Mis.
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mineral permitting the sillimanite nucleation. Next to a sheal of folded sillimanite
there is a biotite one, folded parallelly to the former; in this context it is necessary
to answer a question: why on such a limited space, "sillimanitization™ took place
selectively.

A similar situation can be identified in Figure 25, where, in the core of a [old,
consisting of sillimanite sheaves, there is an unaflected (unfolded and undeformed)
sillimanite sheafl, Therefore this sillimanite could have appeared postkinematically,
which has already been asscrted. '

As its seems, sillimanite was also formed in several places, as in the case of
other minerals. ‘The relatively late appearance of sillimanite cau also be observed
in Figure 26 in which is presented a rock porphyroblasic in aspect as a result of
the concentration of certain minerals in microlenticular.spaces. At the upper side
of the figure, the porphyroblast is made up of a gariiet core surrounded by “more
or less orderly arranged biotite, followed by a sillimanite belt. Atthe lower side of
the figure ”the porphyroblast™ seems more evolved, in the sense that the garnet is
completely missing, being replaced by a biotite mass of decussale structure: fus
biotite is in its turn partially transformed in sillimanite. We consider therelore
the formation succession to be garnet-hiotite-sillimanite. The garnet substitution
is even better expressed in Figure 27. Tn this case, biotite has probably [illed a
fissure, subsequently becoming a source or enly a basis for sillimanite. Like in the
previous case, at the outer part, the porphyroblast is bordered by a sillimanite
belt. which has probably totally replaced the initial biotite. 1t should be noticed
that the sillimanite mass fifling the void in the garnetls shows the same decussate
structure, .

Form the data presented the conclusion can be drawn that it is nol always
possible to distinguish the digestion [rom the simple incorporation. In Figure 28
two clear situations of this processes are presented. At the lower side of the figure
a rounded garnet crystal is partiaily replaced by biotite, go that the outer outline
of the latter makes for the lack of the former. In its turn, the biotite is replaced
by chilorite, so that the two minerals - biotite and chlorite - complete the missing
garnet outline.

The case of a sure incorporatien can be examined in the same figure, where an
iiomorphic staurolite crystal is noticed, contained in an andalusite crystal. The
digestion does not preserve the idiomorphism of the minerals, so thatl it can be
asserted that no reaction took place bhetween the two minerals. I results that,
unlike 1 other situations. during the formation of andalusite, the stanrolite was
stable in relation with the andalusite. It became unstable quite late. In Figure
20 there coexist both the guasi-idiomorphic staurolite in a micaceous mass, with
pressure shadows and that digested by the andalusite. Naturally, the questions
arise:

- Why is staurolite only sometimes digested by andalusite?

- Does the idiomorphic staurelite represent another younger generation of this
mineral 7

Anyhow, [rom what has been observed so [ar it results that both types of
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staurolite are pre-andalusitic. But this is only true provided that the andalusite
shonld belong to only one generation.

A consegitence of the reactions between minerals is the appeatance ol inter-
growlh structures, as is the case of simplictites. Such a structure is shown in
Figure 30, at the contact hetween K plagiclase and sillimanite, in which it is diffi-
cult to establish the mincralogical composition. This section is of interest equally
for the quite rare association of sillimanite with staurolite and of the latter with
cordierite. We have to poiut out that in such situations one of the minerals ap-
pears in obvious imbalance or is very poorly represented, like in Figure 28, where
the cordierite is partially pinnitized, or in Figure 30, where the staurolite occurs
i very small crystals and the cordicerite is totally pinnitized.

Figure 31 equally shows an assemblage lacking in' equilibrium because of the
appearatce of kyanite close to the andalusite or even included in it. The latter is
twisted and deformed, included in a muscovite mass. In certain cases, the kyanite
is also accompanied by chloriie. In the same section the staurolite appears close
to a pmnitized cordierite . :

It is worlh mentioning that although kyanite is an aluminiume-silicate poly-
morph just like andalusite, no other passage from each other is noticed. That also
appears in Figure 32, where the coexistence of the three AlsSiOs polymorphs is
presented.

¢) Mehedinti Mountains. The rocks bearing andalusite, sillimanite and cordierite
in this massil can be grouped in two main categories: granoblastic, generally
quartzo-feldspathic rocks that host especially cordierite and to a lesser extent sil-
limanite and andalusite, and so called pelitic rocks (metapelites), richly micaceous
in which sillimanite and andalisite prevail, with granolepidoblastic or lepidoblastic
texture. These rocks ean sormectimes have peculiar textares, like in the case of the
ocular gueisses in the zone of the Marigesti, Draghesti, Turbata vitlages, with nod-
ules made up ol sillimanite and cerdierite, incorporated in a quartzo-leldspathie
mass.

The rocks under discussion have a large distribution i the Mehedingi Mts,
occupying Lhe largest part of the Bahna Outlier snd a small parl of the Severin
Outlier. The minerals making up these rocks (especially the index minerals) have
a zonal disposition, established on the basis of the microscopic study and obsep-
vations of othier seienbists.

The mineralogical zonality in the Mehedinti Mts is prolonged along the di-
rection of the Sy structure. Figure 33 shows this disposition, which stuggests Lthe
existence of a relation between the spatial and the temporal position ol the S,
foliation and of the Jow pressure metamorphism in this massif.

Besides the minerals investigated here, in this zonality there are also other
minerals, like K feldspar and stawrolite. Kyanite associations have also been found.

whose origin will be discussed.
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I'ig. 24 Facilitated sillimanite
blastesis: b, biotite; s, sillima-
nite; q, quartz; p, plagioclase.
Sillimanite-bearing paragneiss,
Valea Topenia, Godeanu Mts.

FFig. 25 - Sillimanite blaste-
sis and folding: s, sillimanite;
b, biotite; Sillimanite biotite
gneiss, Valea Jauna, Godeam
Mts.

Fig. 26 - Crystallization se-
quence: s, sillimanite; b, bi-
otite; g, garnet. Valea launa
Mic3, Godeanu Mts.
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Fig. 27 — Substitution of gar-
net: m, muscovite, s, silli-
manite; b, biotite; g, garnet.
Sillimanite paragneiss, Valea
launa, Godeanu Mts.

Fig. 28 -~ Substitutions
and inclusions: st, stau-
rolite; a, andalusite; ¢, cor-
dierite; b, biotite; m, mus-
covite; cl, chlorite; g, garnet.
Andalusite-bearing paragneiss,
Valea Olanu, Godeanu Mts,

Fig. 29 — Pressure shadow:
m, muscovite; q, quartz; b,
biotite; st, staurolite; a, an-
dalusite. Andalusite bear-
ing micaschist, Valea launa,
Godeanu Mts. ’
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Iig. 30 — Simplectitic struc-
ture: pf, plagioclase feldspar;
st, staurolite; g, quartz; s, silli-
manite; si, simplectite; b, bio-
tite; ¢, cordierite.  Sillima-
nite-bearing paragneiss, Valea
launa, Godeanu Mts.

Fig. 31 - Coexistence of kyan-
ite with andalusite:  a, an-
dalusite; ¢, chlorite; ky, ky-
anite; m, nmuscovite; st, stau-
rolite; p, pinnitized cordierite.
Valea launa, Godeanu Mts.

IFig. 32 - Coexistence kyanite-
andalusite-sillimanite: sl, sta-
urolite; b, biotite; ky, kya-
nite: m, muscovite; a, anda-
lusite; g, guartz.  Andalu-
.-.«il.n-l;ezu‘ing micaschist, Valea
launa, Godeanu Mis.
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Fig. 33 - Metamorphic zonality in the Mehedingd Mis (Hartopanu, 1975321, Zone

Loundary; 2. Domain boundary.

The age rvelations between various minerals, unlike the rocks in the Capatana
Mts, for instance, are clearer, probably equally due to the more abundant material
at band in the Mehedinti Mts. In comparison with the Godeanu ‘Mis, certain
relations are not so clearly expressed and some others have an original character.

The relations of andalusite with cordierite appear, from the rescarches made so
far, as simple incorporations of the latter by the former (FMig. 34). The cordierite
meorporated in andalusite contains biotite relics and, probably ai its expense,
chlorite. The andalusite presented in this figure also includes garnet surrounded by
a halo of undeterminable inclusions, possibly resulted in the process of the garnet
digestion as well as staurolite occurring as relics with identical oplic orientation,

In Figure 35 the same association of cordierite and andalusite s accompa-
nied by the presence of intergrowths of simplectitic type that oceur both at the
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cordierite-andalusite contact and between the two andalusite crystals. If we ex-
clude the possibility that the cordierite crystal prolongs above or below the section
plane, overlapping the two andalusite crystals, we must admit that for obtaing a
simplectitic structure no mineralogical difference is necessary between the two
crystals, that could belong to the same mineral species.’

An important relation for the evolution of metamorphic crystallization is that
between andalusite and biotite (Fig. 36). Like in the case of the other two massifs,-
there are two types of biotite, depending on the orientation in the schistosity plane
or on the degree of deformation of this mineral. The biotite, which materializes
this plane (in which it is situated) seems to be oldest, unlike the crystals of the
same mineral which look fresh, undeformed and usually transversally disposed on
the rock schistosity plane. .

In Figure 36 the relations between andalusite and biotite II are of mutual inter-
penetration, both minerals sending amoeboidal prolongations towards the other.
In this way it is difficult to decide which of the two develops at the expense of the
other, and therefore, which is their relative age. The same kind of problem could
arise for the situation in Figure 37. This time, in a mosaic-like quartz mass are
situated a few andalusite crystals with common extinetion. It is more difficult to
appreciate if the quartz crystals show or showed reticular identity. Therefore, it is
likely quartz has played the part of a substite of the andalusite. But the situation
. is complicated by the presence among the andalusite crystals of a sillimanite sheaf
whose pole and position in metamorphic erystallization is difficult to establish.

In Figure 38, the presence of andalusite and sillimanite is partially related
to that of biotite. At the upper side of the figure, a biotite rim separates an
andalusite " core” whose reticular linking with the surrounding parental crystal is
certain. In its turn, the latter is surrounded by another biotite rim suggesting the
whole andalusite crystal partly replaced a biotitic porphyroblast. The sillimanite
intergrows with the biotite, being partially digested by it.

Muscovite can also appear in a second generation as presented in Figure 39,
where the digestion in relation with the andalusite could have taken place in both
senses, and therefore, the interpretation of the texture presented is ambiguous. In
exchange, the substitution of staurolite by andalusite is clear and that by garnet
uncertain. In Figure 40 both micas of the second generation are shown, the biotite
seeming to be, almost for certain, of a post-andalusitic age. As for the muscovite,
its age can be assigned only in relation with the schistosity. But it seems strange
that the andalusite relics at the bottom of the figure show traces of digestion by a
muscovite oriented along the schistosity and which could therefore be of the first
generation. [t seems quite possible for the andalusite to have been replaced by
muscovite of the second generation. But in Figure 41 the relation seems reversed,
as transversal muscovite appears as relics in the mass of an andalusite crystal which
seems to have grown from right to left, invading almost entirely the muscovite
crystal.

7
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Fig. 34 - Inclusion 'and di-
gestion of minerals: ¢l, chlo-
rite; ¢, cordierite; b, biotite:
a, andalusite; st, staurolite;
& garnet. Andalusite-bearing
micaschist, Valea Topolnita,
Mehedinti Mts.

Fig. 35 - Cordierite-andalusite’

reaction: m, muscovile; ¢, cor-
dierite; a, andalusite; si, sim-
plectitic structure. Cordierite
gneiss, Mirigesti, Mehedingi
Mis.

Fig. 36 - Relations belween
andalusite and bictite; and
biotitez: m, muscovite; b, bi-
otite; a, andalusite; g, quartz.
Andalusite-bearing paragneiss,
Ogagul lui Gurgui, Mehedinti
Mts.
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Fig. 37 - Substitution of
andalusile by quartz: a, an-
dalusile; m, micas; o, quarlz;
s, sillimanite. Andalusite-
bearing micaschist, Turtaba,
Mehedinti Mts.

IFig. 38 - Inclusion and substi-
tution relations: a, andalusite;
L, Dbiotite; s, sillimanite; ¢,
quartz; ¢, cordierite; p, pinnite.
Andalusite-bearing micaschist,
Ogasgul lul Gurgui, Mehedinti
Mis. '

Fig. 39 — Successive sub-
stitutions: s, sillimanite; q,
quartz; g, garnet; st, stauro-
lite; b, biotite; a, andalusite;
ny, muscovite. Andalusite and
sillimanite-bearing micaschist,
Valea cu Pesti, Mehedinti Mts.
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Fig. 40 - Second generation
micas: a, andalusite; g, quartz:
b, biotite; my 2, muscovite,
Andalusite-bearing paragneiss,
Valea Pietrele Albe, Mehedingi
Mts.

1

Fig. 41 - Substitution of mus- S
& 2 : <SQAN
covite by andalusite: a, an- SR

dalusite; sq, sericite and quartz
aggregate; a, andalusite; m,
muscovite relict Crys-
tals.  Andalusite-bearing mi-
caschist | Mehedinti Mts.

Fig. 42 - Biotite orientation
and age: b, biotite; a, an-
dalusite; st, staurclite.  An-
dalusite and stauroclite-bearing
micaschist, Valea Topolni(a,

Mehedinti Mts.
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[ig. 43 - Andalusite-ky-
anite nonequilibriun  associa-
tion: ky, kyanite; b, biotite;
of, plagioclase feldspar; a, an-
dalusite; ¢l, chlorite.  Anda-
lusite bering paragneiss, Valea
Bolazu, Mehedinti Mts.

Iig. 44 - Coexistence kyanite-
andalusite: m, muscovite; ky,
kvanite; st, staurslite; a, an-
dalusite; ¢, chlorite; p, pinnite.
Anclalusite micaschist, Valea
Topolnita, Mehedingi Mts.

Iig. 45 - Two generations an-
dalusite: a, andalusite; b, bi-
otite; st, staurolite; ky, kyan-
ite; ¢, chlorite; p, pinnite; m,
muscovite. Andalusite bearing
paragneiss, Valea Tibuceaua,
Mehedingi Mis.
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In the substitution of & mineral can participate not only one crystal but equally
several crystals of the same mineral. So, in Figure 42, one andalusite crystal is
partially replaced by three crystals of biotite, one of which is oriented along the
foliation, although its morphology clearly indicates that it belongs to the late
biotite generation.

One of the strange associations in the Mehedinti Mts is given by the presence
of kyanite as well as of andalusite and sometimes equally of sillimanite. '

The association of sillimanite with kyanite and andalusite does not signify, in
any case, that the conditions have been met for the triple point in the diagram of
stability of the Al,SiOg polymorphs. In our case, the kyanite is in an obvious state
of lack of equilibrium with the rest of the rock. lts crystals are deformed, broken,
bent and no longer in their originaly place. It is also intensely digested especially
by muscovite, usually oceurring as relics in a micaceous mass. In addition, as
shown in Figure 43, quite close to the andalusite there occurs a kyanite crystal
bordered by chlorite only where it comes close to the micas,

In Figure 44, in the kyanite/andalusite contact zone. chlorite appears, which is
fibrous-radial but poorly developed. What is specific to the andalusite here is that
its inclusions are disposed as folded trails, indicating the preservation of an old
texture. The kyanite is visibly digested by the muscovite and its elongated part is
transversal on the rock foliation. Therefore both the kyanite and the andalusite
prove to have been engendered before the formation of the present foliation, and
so is staurolite.

It result therefore thal a generation of andalusite can be separated, older than
what has been known so far. That can be seen more clearly in Figure 45 pre-
senting iwo types of andalusite: onc elongated along the schistosity, deformed and
presenting trails of undulated or folded inclusions. In the proximity of the crys-
tal there is another andalusite crystal, not at all deformed and clearer than the
previous one and transversal on the schistosity. The transversal muscovite (of the
second generation) seems to be of the same age with this last andalusite.

The kyanite with relic aspect and the staurolite are among the oldest minerals
in the section. -

The present rock schistosity has probably effaced the other S planes, so that at
present, depending on ”the deformation moment” we cannot separate in time "the
kyanite moment” from ”the moment of the first generation andalusite”. It is only
the difference of the alteration and of the deformation degree and the knowledge
of the totally different conditions in which the two minerals can be formed that
make it possible for ns to separate them in point of chronology.

V. MINERAL REACTIONS DEDUCED FROM TEXTURAL RELATIONS

"T'he pointing out of the dynamic aspect of metamorphism is an important step
in the knowledge of geological processes. Zwart (1962) was one of the first to make
a remarkable analysis of the evolution of the metamorphism of region, implying
the minerals growth and decay in relation with the main deformation movements.
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He also enriches the notion of metamorphism, underlining and giving arguments
for the notions of synkinematic and static growth,

A further step was the recognition of the fact that certain older minerals or
groups of minerals are related to younger ones by mineral reactions, the mentioned
groups representmg terms of these reactions.

Petrological ohservations made on rocks, especially in thin sections, have shown
that during its history, the rock is subject to a series of transformations in what
its mineralogical composition is concerned. Metamorphic rocks also show a legical
tendency of developing mineral adaptations to the physical conditions which have
Feen affected them since their formation. Excepting the rare cases when the
adaptation remains isomineral or isopolymorphous, most mineral transformations
oceur as a mutual interaction between the minerals composing the rock: minerals
newly formed at the expense of older ones, with a different individual chemistry
than the latter. The realization of that fact led to the idea that minerals inter-
react under strict physical conditions, specific to each assemblage and in a general
context of catalytic physical and/or chemical agents. It has also been established,
both from microscopical observations and experimental researches, that mineral
reactions, for being initiated, have to go beyond a certain barrier ol free energy
interposed between the reactants and the reaction products.

The experimental simulation of mineral reactions has showed they can be pro-
duced only under certain conditions that one association is stable with respect to
the other when the relative value of its free enthalpy is smaller. Thus, the locus of
the points equal free energy (Gibbs) represents the substantiation in a PT space
of the reaction hetween the two assemblages.

At present the experimental determination of the various curves-reactions rep-
resents an important progress in the knowledge of the rock as a' mineralogical
complex, the interdependence between the constituting minerals being well known,

The technical and material difficulties with which experiments are faced can
often he compensated by the caleulations of mineral equilibria or of mineral as-
semblages whose progress depends on the degree of knowledge and the amount of
such data.

Our intention of making such caleulations has been greatly hindered, as the
values of the free energy of formation of cardierite, staurolite, biotite, almandine,
of the enthalpy of their formation as well as the entropies of almandine, biotite and
staurolite have not been caleulated so far. These minerals parficipated to a great
extent in the mineral reactions produced in the rocks investigated by us. That is
why at present the most efficient possibility of establishing the conditions under
which the main metamorphic events took place is that of identilying the most
important reactions in the rock and of comparing them with the experimental
ones. To the extent in which the latter are identified with the lormer, we shall
have surer data on the conditions in which natural reactions took place.

The first phase leading to the establishment of metamorphic reactions is the
knowledge of the various transitions (and appearance successions) between the
minerais of the rock ander study,

f\l Institutul Geologic al Romaniei
IGR:



Aluminium Silicale-Bearing Rocks in the South-Carpathians 54

1t can be noticed, of course, that all examples have been found exclusively in
the zones where the intermediate, low pressure metamorphisin was superposed on
the Barrovian one.

In the other metamorphic arcas of Barrovian type, although we equally recog-
nize the existence of more than one metamorphic phase, the mineral equilibrium
has been reached to a great extent, "frozen” mineral relations being found only in
the isograde planes zones.

All relations signifying in most cases reactions between the minerals implied,
have arisen the interest of those studying the conditions of metamorphism for a
long time. Nismerous such relations are ambiguous, to some others no signdficance
has been given so far, and to others the law of the stoechiometrie correspondence
between terms has been applied, being expressed by chemical equations. Some of
them have been checked up experimentally or on the basis of the knowledge of a
few thermodynamic constants of the minerals in the reaction; the sense of reactions
and the position in the PT" space of the curves substantiating the reactions have
been established by calculations.

Biotite, staurolite and andalusite participate in the most numerous relations
observed. One of the relations between these minerals has been expressed by the
equalion:

Mg biotite + staurolite + muscovite + quartz — Fe biotite + AlaS105 + H2O.

This equation justifies the possibility, suggested in the numerous microscopical
observations, of andalusite formation equally at the expense of staurolite, under
conditions of oversaturation in guartz. It also explains the seemingly paradoxical
obsevation of the existence of biotite in both termms of the equation by the initial
biotite being a flogopitic termi and that m the second member of the equation an
annitic ternu.

The cordierite formation can take place equally ai the expense of staurolite,
according to the equation:

Fe staurolite + quartz — Fe cordierite + andalusite + water “justifying the
numerous oceurreices of cordierite and andalusite together, in the context of a
total or almost tofal lack of staurolite.

A skematical reaction illustrating the sillimanite formation at the expense of
biotite would be:

biotite + HAPT 4+ 31,0 — Isillimanite + K¥ + 3(Mg, Fe)*t + 811+
from which the necessity results of alumininm to gather and of polassium to be
released. It is likely that alumininn should be released from another alwminium
silicate and the potassium released should be fixed in a mica. This reaction shows
why direct passages between aluminium silicates can be absent, such passages
being possibly mediated by micas.

The andalusite formation at the expense of cordierite, as it has been suggested
hy a few textural siluations can be expressed by the relation:

6 cordierite + 20, = 12 andalusite + 4 magnetite 4+ I8 quariz

Tnits turn. cordierite can also be formed by the decomposition ol alinandin
which we have sometimes observed preceding the cordierite formation acconting
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to the reaction:

54 almandine 4 Oy — 2 AlS105 + 4 magnetite + 4 quartz

The other way round, the related almandine formation can be expressed by
the relation:

staurolite 4+ quartz — almandine + AlySiOs + H20,
which would explain the frequent inclusion of staurolite in andalusite. Moreover,
in this situation, staurolite can possibly create favourable conditions also to the
andalusite nucleation.

It is only much rarelier that various researchers present reactions in which,
besides the minerals investigated by us, micas also appear. =

The biotite relics, often encountered in andalusite, the occurrence of a mus-
covite approximately at the same time with the andalusite, the staurolite relics in
andalusite or even in garnet etc. could be justified by a reaction looking like:

18 staurclite + 19 biotite + 52 quartz — 31 almandine + 31 ALSIO; +
19 muscovite + 9 H,0 or a reaction of cordierite formation micas participate
in would have the form: ' . _

32 staurolite + 20 biotite + 217 quartz — 62 cordierite + 20 muscovite +
16 H2O, in which, besides cordierite, neoformation muscovite equally occurs.

Neoformation biotite could equally be born in a reaction of the type:

9 staurolite + muscovite + 5 quartz — 17 sillimanite + 2 garnet + biotite +
9 water '

The decay of kyanite, that we have pointed to several times and at the expense
of which muscovite is formed, could be rendered by the skematic reaction:

3 kyanite + 3 quartz + 2 muscovite -+ 2 HY — 3 sillimanite + 2 muscovite -+
3 quarkz

A few reactions resembling those above have been done experimentally (Richard
son, 1968) and their progress as well as the minerals involved are altogether similar
to what we have presented in the descriptive chapter. A characteristic feature of
these reactions, resulted from the microscopic analysis is that most of them belong
to the same mineralogical assemblage, are synchronous and implicitly took place
in more or less the same physical conditions.

It results that, ideally, irrespective of the aspect of the curves representing the
reactions under discussion, they must converge in a point or in a limited area.
representing the conditions in which the association was in equilibrium. For ac-
curately determining these conditions, it is suitable to combine a reaction sensible

" to pressure with one or others sensible to temperature.

We have represented in the same diagram (acccording to the scale of temper-
atures and pressures) three of these reactions, considered by us — from various
intermineral relations - as possible to have taken place. These reactions have been
produced experimentally by Richardson (1968) together with some others, in the
same cxperiment conditions and using identical initial materials. The intersection
of the curves reactions takes place almost in the same point (Fig. 46), correspond-
ing to a temperature of about 680°C and a pressure of the fluid of about 3.5 kbars.
Therefore the thermobaric area in which the phenomena took place implied by the
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reactions presented above, must range around these values.

The domain and sense of metamorphism, Jjudging after the sequence of miner-
alogical associations, can be expressed in a diagram showing stability domains of
certain minerals or curves-reactions separating associations of various minerals.

Fig. 46 - Equilibrium mineral reactions:
1, staurclite + quartz = cordierite +
Al2S8i0g; 2, staurclite 4 sillimanite =
almandine + Al;SiOs: 3, almandine +
sillimanite + quartz = cordierite + an-
dalusite.
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The (progressive or regressive) trend of the phase of metamorphism concerned is
thus obtained, which can be expressed in quantitative parameters.

V. CONDITIONS OF METAMORPHISM

A. Arguments for the Existence of Metamorphic Entities

As already presented in the previous chapters, the area of metamorphic rocks
belonging 1o the Seheg-Lotru Series displays two types of metamorphism, in point
of the mineral assemblages.

a) The metamorphism of Barrovian type is the most specifically represented in
the Central South Carpathians as here there are no relations with the intermediate
metamorphism that is so close in space, as in the case of the Godeanu, Capatana
and Mehedin{i Mts and neither is there such a ”rapid” metamorphic zonality as
in the Semenic Mts (Savu, 1970).

. In the Central Carpathians, on a very large area there are only two metamor-
phic zones: the staurolite and kyanite-bearing zone - the largest in area — and the
sillimanite one. The spatial position of the structure in relation with the isograde
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planes is directly responsible for this state of things, but we shall consider the sit-
uation as such, making use of the possibility of investigating on a large area small
intervals in the metamorphism scale having affected the region under discussion.

Another element of interest is the polycyclic character of the metamorphism
having affected the metamorphic rocks of the Sebes-Lotru Series: which are the
paragenetic elements that should be considered for establishing the physical con-
ditions in which a certain metamorphic phase took place, as it is obvious that not
all the minerals were formed during the same episode.

Fortunately, as shown, the two main metamorphic events are (in our opinion)
produced at approximately the same intensity, so that when there are no relict ele-
ments of the old metamorphism we can firmlyely on the similitude of the intensities
of the new metamorphism and the previous one.

The sequence of crystallization presented in chapter 1V presupposes the ap-
pearance of minerals as an adaptation of the rocks to the conditions existing in
the Earth crust at a certain moment. There is therefore, in this acceptation, a
permanent concord between the physical conditions and the mineralogical assem-
blage existing at a certain moment. On the other hand, in the same environment
conditions, at a certain initial chemistry, there occur the same minerals. Not
only are they closely dependent on the outer environment but there is also an
interdependence between the minerals themselves.

Therefore in a mineralogical assemblage an equilibrium is permanently main-
tained, irrespective of the sense of variation of the physical conditions, due to the
mineral adaptation to these conditions. The sequence of crystallization presented
in this paper is a consequence of the successive adaptations of the rock to the
(hermobaric conditions displayed by the rock crystallization environment. On the
other hand, the source of material varies in composition in proportion with the
formation of new minerals, so that there is a permanent dependence between nin-
crals as they themselves can become the source of new translormations. Thal is
therefore a skematic picture of the relations environment-rock, applicable, due to
its general character, also to the rocks studied by us.

An important part of the history of aluminosilicate — bearing rocks has thus
been unravelled just due to the presence of AlaSiOs minerals, very much investi-
gated and whose properties are established at least in broad lines.

The three polymorphous modifications themselves point to the metamorphism
conditions, as they share a large range of P-T metamorphism conditions and es-
pecially the middle-high level one, which is also that of the rocks in our region of
study. '

The model of reversed Y diagrams, proposed for the first time by M iyashiro
(1949) is a basic element for establishing the metamorphism conditions that af-
fected the rock as a whole. For evaluating the conditions of metamorphism in
the central zone of the South Carpathians, knowing that only the sillimanite and
the kyanite (4 stanrolite) metamorphism zones occur in the vegion, we shall use
the information given by the monovariant equilibrium curve kyanite-sillimanite, as
woll as by the spatial position of the other two monvariant. curves in the ALSIO,
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system. They will be correlated with the isograde curves of the first occurrence in
the P-T field of certain minerals such as staurolite. We shall also use the empiric
curves given by Wenk (1969) which show the hornblende stability with a coexisting
plagioclase, of a certain anorthitic composition.

As in the region under discussion the kyanite-bearing rocks are bordered both
to the north and to the south by sillimanite-bearing rocks (in this case the contacts
between these zones are normal), it means that al least close to these boundaries
the pressure is higher than that of the triple invariant point kyanite-andalusite-
sillimanite. As in a kyanite rock sample in the Negovanu ore zone the assemblage
ol kyanite with a sillimanitic sheal was found, we-consider that in this zone the
conditions of metamorphism were those in the region of the monovariant curve
we have referred to. Therefore here as well, the pressure was higher than that
characteristic of the invariant triple point (Mg, 47).
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Fig. 47 Domain of metnorphisn in the Sebes-Loten Mesc 1 D herme Do
domain of metamorphism in the Negovanu area: 2 - Thermo-havie domain of

metamorphism in Sebes-Lotra Mis

Therefore, as a first step in the knowledge of the barie regime in which most
of the mineral association in the aluminosilicate-bearing rocks was formed, it is
also useful to know the quantitative aspect of the phase diagram ol the ALSIO,
polymorphs.

There arc several ways of building up thos diageany, The first was the Mivashiro’s
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empirical method (1949), with a qualitative aspect, which only delineates the gen-
eral ,outline of the limit of stability fields. The position of the triple point is
established from the association with other mincrals, wiih- known stability field,
therefore with the role of geologic thermometer, a possibiliiy also uséd by Hietanen
(1956).

Another approach is the experimental one, in which one of the polymorphs is
subjected to pressure and/or temperature variations, following and registering (in
the P-T coordinates) the moment of appearance of another polymorph from the
pre-existing one.

An alternative of this method is that of the synthesis of one or the other of the
polymorplis fron the oxides constituting them (Si0s and AlsO3).

Finally, the third approach is that of building up a theoretical curve from
the values of the state functions given in the tables of thermodynamic constants,
elaborated by "The U S, Geological Survey at Reston, Virginid, by Robie and
Waldbaum (1968) (Fig. 48).

P
x10% atm
121

N

10

74 Kyanite

sillirnanite

2 o andalus ite

4

1 2 3 4 5 6 7 8 9 1w un T
Fig. 48 - Phase diagram of the system Aly Si0¢ (built up on the
basis of thermodynamic data).

It can be noticed that the three monovariant curves are generally convergent,
showing the tendency of meeting in a very limited area, encircled by us, indicating
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the approximate value of the triple point.

Comparing the position of the triple point obtained in this way with the data
given by other modern authors who have studied the problem we can notice they
give quite close pressure values, but the temperature obtained by our caleulation is
a little bit lower, of about 500°C, quite close to the value given by Iietanen (1956)
for the Idaho batholith zone. In the last period of time the tendency existed of
narrowing the field of spatial variation of the triple point, the most reliable values
being considered those of Althaus (1967), Richardson et al. (1969), who places the
invariant point in various positions, Althaus — 6.5 kbars and 595°C, Richardson -
5.5 kbars and $20°C.

The diagram in Figure 47 shows the equilibrium curve of the Al,Si05 system
(according to Althaus, 1967), the stability curve of the association hornblende +
plagioclase, the curve of the beginning of melting (anatexy in gneisses) and the
chloritoid - staurolite equilibrium curve (according to Winkler, 1970).

The plagioclase in the amphibolites in the central zone of the South Carpathi-
ans and particularly that in the Negovanu zone, contains ca. 37 % An. That fact
and what was asserted before, that the pressure in the investigaled zone cannot
be much lower than that of the triple point lead us to building up a rather limited
P-T field of formation of the rocks under Investigation. It is bounded by the An 30
+ hornblende curve, by the kyanite-sillimanite univariant equilibrium curve.and
by the anatexy curve, as in the Negovanu zone no characteristic remelting pro-
cesses have been observed. That is also true for the neighbouring regions, with the
exception of those zones where important feldspathic remobilization processes are
noticed, that can be compared with the anatexy as well as the zones with lower
values of anorthite for the plagioclase in amphibolites. In this way, the field of
metamorphisni in the Central South Carpathians can also be extended to Lhe P-T
space and a little bit to the right of the curve of the beginning of anatexy as well
as a little bit to the left of the An 30 + hornblende curve, up to the proximity of
the chloritoid - staurolite equilibrium curve. :

b) I'or the intermediate, low pressure metamorphism zones we have chosen as
a prototype the zone of Getic metamorphic rocks in the Mehedinti Mts, i.e. the
Bahna Outlier, as, in comparison with the other zones with similar metamorphism
(Godeanu and Cépitana) we are in possesion of field data rich in details.

At first our researches have established the following ronality: andalusite-
staurolite zone, andalusite-cordierite—staurolite zone, andalusite-sillimanite—cor-
dieritedstaurolite zone and sillimanite-cordieritexKfeldspar zone.

This zonality is disposed from south to north along the Bahna Outlier, the
mentioned zones showing an obvious tendency of concentricity (Fig. 33).

In paragraph UIB, concerning the evolution of metamorphic crystallization de-
duced from textures, we have described numerous intermineral relations suggesting
a picture of metamorphic crystallization illustrated also in Figure 46.

The primary mineral paragenesis of the investigated rocks represents an as-
semblage (possibly two assemblages) characteristic of the Barrovian type of mu .a-
morphism. A second paragenesis represents an association typical of low pressure
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metamorphism. They are separated by a main deformation episode. Therefore
each mineral assemblage represeuts a metamorphic episode. The second episode
is superposed on the first one, on a part of the area of metamorphic rocks of the
Bahna Outlier. On the area superposition, the minerals in the first episode par-
tially preserved their individuality probably due to their tendency of persisting
metastably in a field close to that which is characteristic of them but especially to
the fact that the metamorphism in the second, static episode was not accompanied
by deformation, which makes the mineral network very unstable. The temporal
succession of the two periods of metamorphism is also demonstrated by direct rela-
tions between the minerals characteristic of each the two types of metamorphism.
As noticed, andalusite has replaced kyanite (Fig. 49), andalusite has replaced
staurolite (Fig. 40, 32, 39), and cordierite, kyanite (Fig. 50). In most cases, the
direct relations between the above mentioned minerals are mediated by relations
with other minerals,such as micas. .

Starting from the premise that the spatial succession of mineral associations
in the above mentioned zones represents in fact the sequence of their temporal
formation, we have tried to place in a P-T diagram, the mineral associations in
each zone described in the metamorphites of the Balhina Outlier (Fig. 51).

&

IYig. 49 - Substitution of kyanite by andalusite: an, andalusite:

ky, kyanite.

In this synthetic diagram we have figured the equilibrium diagram of the
AlSiO5 polymorphs accerding Lo Richardson et al. (1969), the field of stability
of staurolite and the staurolite -+ cordierite coexistence field according to Gan-
guly (1972) and the diagram of the phase relations in the K30 - MgO - Al,O3 —
Si0y - H,0 system according to Schreyer and Seifert (1969). In this synthetic di-
agram all the mineralogical associations encountered can be identified. Tu this way,
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Fig. 50 - Substitution of kyanite by cordierite.
ky. disparate elements in a single kyanite crystal:

¢, vordierite; s, sillimanite; g, gquartz; p, pinnite.
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the sillimanite — cordierite & K feldspar assemblage can be found in the sillimanite
field under the univariant Co + KF line and left of the curve marking the beginning
of melting (point 1). To the left, the andalusite-sillimanite univariant equilibrium
line will be intercepted, along which the minerals coexist. They also coexist along
a certain distance on both sides of the line. In this way, in the zone concerned,
the andalusite - sillimanite ~ cordierite & staurolite association is obtained (point
II). The staurolite occurrence is still accidental as we are still at the border of
its field of stability under the conditions of oversaturation in quartz. Within the
andalusite field, there will also appear staurolite, whose field of stability largely lies
here, as well as cordierite, in the field of coexistence with staurolite, as deduced
from Ganguly’s data (1972). We have marked with TIT the figurative point of
the andalusite - cordierite ~ staurolite assemblage. Towards the border of the
andalusite field, close to the boyndary with kyanite and at the periphery of the field -
of coexistence of the andalusite + cordierite association, the latter is diminished
up to its disappearance, so that the specific assemblage in this zone is made up
only of andalusite and staurolite (point IV). Towards the left part of the diagram,
the field of the kyanite stability beging, superposed on that of staurolite, so that
the characteristic assemnblage is kyanite-staurolite (point V).

All the five points are approximately colinear, so that the passage from an
assemblage to the other can be made at a constant pressure, only by temperature
variations. - The paradoxical situation occurred that the low pessure assemblage
investigated here was the outcome not of a reduction in pressure but of an increase
in temperature, under isobar conditions. The maximum temperature is reached
in the sillimanite-cordieritexK feldspar zone, which close to the line where melt-
g begins and which coincides with the appearance of the stromatic migmatites
mapped by different authors. y

An immediate consequence of the above reasoning is that the pressure of the
metamorphic rocks outside the field under investigation is also low and that in
fact a warming took place under relatively low pressure conditions. This increase
in temperature can be accounted for by the appearance of a thermal dome with
increasing values of the isotherms, from SW to NE, a dome which appeared alter
the main episode of deformation mentioned ahove. :

Another course of the metamorphism could be imagined considering that the
first deformation episode brought about a lowering of pressure in the kyanite field,
up to intercepting the andalusite one, after which, at constant pressure, the gradual
increase In temperature made possible the appearance of the sequence of mineral
associations discussed. This last variant concords with the level of the Getic
metamorphic rocks of Barrovian type, admitted in the neighbouring zones (Savu,
1970; Bercia, 1972) as being of about 8-10 kbars.

Considering also other variants , by other writers, of the fields of stability of the
minerals implied, or curves-reactions separating assemblages of various minerals,
we shall obtain the diagram in Fig. 52. It shows successive domains of P-T

.L/\l Institutul Geologic al Romaniei



Aluminium Silicate-Bearing Rocks in the South-Carpathians 63

conditions in which the rocks in the zones discussed are supposed to have passed,
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ig, 52 - Fossible domains of metamorphism in low pressure areas.

The normal course of metamorphism, deduced from the examined successions, is
oriented towards the decrease in pressure and the increase i termnperature. Curve
4 of the first appearance of staurolite at the expense of chlorite is the one which
coustraints the orientation of metamorphism in this way, whili the succession of
-domains especially in the sense of the pressure axis. In this way, the sénse of the
evolution of metamorphism is A-B-C. But considering that the field of stability of
the staurolite 4+ quartz assemblage also extends left of curve 4 and also that it s
difficult to imagine the mechanism of the pressure decrease, in areal style, an A’ BC
sense can be imagined, prevailingly in the sense of the increase of temperature,
that could be due, as has been said, to the intervention of a thermal dome.

B. Metamorphic Zonality

The study of the metamorphism in the South Carpathians has been a historical
process that has needed a considerabile physical and thinking cffort fearn numeroys
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)
specialists in metamorphic rocks. More and more geologists figure in the maps
they build up, besides lithostratigraphic, tectonic elements, mineralizations etc.
isoconditions or isorelation lines of the metamorphism having affected the rocks
under discussion. On the occasion of these actions, the researchers have been faced
with important problems. Out of their most important elements we shall mention:

~ selection of the most adequate mineral elemnts (index mineraf8) which, in
the case of the aluminous metapélitic formations, have always included aluminium-
silicAtes. Selection of a manner of representing metamorphism isogrades in the case
of the formations lacking in aluminium-silicates,

~ establishment of the relations between the isograde planes and structure.
We consider the representation used so far, which conceives an almost perfect
parallelism between the isograde plane and the lithostratigraphic markers; involves
many exceptions worth considering in the future,

- mapping of the spatial relations between the areas with various types of
. metamorphism, which involves the making out of their genesis and sequence, '

- mapping the sequence of metamorphism phases, of the paleoisogrades implic-
itly, which calls for a detail petrographic and petrogenetic study,

— establishment of the temporal relations between the main deformation mo-
ments and of the maximum mineral neoformation periods.

The meiamorphic rocks of the Sebeg-Lotru Series, to which we have paid a
special attention in this study are known, we could say, quite in detail as far as
their metamorphism is concerned, which makes it possible for us to establish a
metamorphic sequence considered to be rather up-to-date, based on both previous
data and our own.

Our studies, concerning mainly rocks containing aluminium-silicates have con-
tributed first of all to the research of the zonality in the zenes of medium-high
degree of metamorphism. According to the data at hand so [ar, it is only in the
Semenic Mts that metamorphic zones upper than the staurolite + kyanite ones
are known, due to Savu’s contribution (1970}. In the remaining part of the South
Carpathians, between the Barzava Valley and the Olt Valley, in the metamor-
phic rocks of the Sebes-Lotru Series there only exist the silliinanite zones and the
kyanite-staurolite one. .

The kyanite zone, delimited as such by H.Savu in the Semenic Mts, is, in fact,
according to our researches, a part of the kyanite and staurolite zone established by
the above mentioned specialist. Our statement is based on field data, of frequent
association, of kyanite and staurolite.

By detail sampling of the metapelitic rocks in this massif, we have also delin-
eated a sillimanite-bearing zone within the staurolite and kyanite one, north of
the Garana village. .

In the Godeanu Mts, according to Bercia’s researches (1975), two types of
metamorphism are to be found, as already shown. The Barrovian metamorphism,
situated in the western part of the massif, as-the researches of the above mentioned
author have pointed out, shows a zonality following the stratigraphic boundaries
established by the author.
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Consequently, the rock complexes lying at the base of the metamorphite pile
will be subjected to a more intense metamorphism, mainly belonging to the
sillimanite-bearing zone. This zone is followed in the southern and western part
of the outlier, in the basins of the Topenia, Studina, Valea Mosului, Somogotin,
Bandialu, Idegelu, Birinelu, Baranu Valleys. The kyanite and staurolite zone
goes beyond the Cerna-Timis watershed, being situated in the upper course of the
launa Mica, Craiova, Olanu and Balmosu Valleys. '

The intermediate, lower pressure metamorphism present in the eastern part of
the outlier displays the follwing zonality: at the basal part, from the metamor-
phic point of view and in relation of superposition is the sillimanited+andalusite+
cordierite zone, overlain by the andalusite zone, and, at the upper part, the
andalusite-staurolite zone. All these lie on the right bank of the Cerna Valley,
in the middle and lower basins of its tributaries: launa, Mihalca, Craiova, Olanu,
Curmeziga, Naiba, Balmogu and Ivanu Valleys. The boundary between the two
types of metamorphism is drawn farther by Bercia to the north-east, through the
middle course of the Carbunele Valley, upstream its confluence with Radocheasa
Valley. Our rescarches have so far confirmed to a great extent the zonality es-
tablished by Bercia in the Godeanu Massif, particularly in the western part in
the Barrovian metamorphism zone. In the eastern part, a notable exception from
the zonality found for the intermediate type of metamorphism is the presence of
kyanite - bearing rocks on the right bank of the Naiba Brook as well as in the
zone of the hill with the same name,

The metamorphism zonality in the Mehedinti Mts has been presented for the
Bahna Outlier, the low pressure domain respectively. The Barrovian metamor-
phism is poorly represented in the zone, by two stripes, lying along the Bahna
Outlier: the western one, situated west of the Podeni locality, in the upper course
of the Gradejnita, Buruiana and Camuna Valleys, up to the contact with the thrust
line; the second stripe, in the east, partially runs through the lower course of the
Bahna Valley, between the Ponorelu Valley to the north and the Tarovay Valley
to the south, on the territory of the Ciresu, Moisesti, Bunoaica, Bahna, Ilovita
localities. In thie Portile de Fier Outlier, the Barrovian metamorphism prevails.
The kyanite zone is situated in the western part of the outlier, form the north -
Ponoare locality - to the south - Godeanu locality. For the rest, the Barrovian
metamorphism is represented by the sillimanite zone. As we have shown, the in-
termediate, low pressure metamorphism is poorly represented in this outlier, by
an area situated in the Neviit Valley Basin — Bucuresti Hill.

" In the Central South Carpathians, the kyanite — staurolite zone generally oc-
cupies the northern part, while the southern area is occupied by the sillimanite
zone. Small "sillimanite islands” are also to be found within the kyanite - stau-
rolite zone, in the upper course of the Godeanu Valley (Gridistea de Munte), in
the middle basin of the Cugir Valley, at the sources of the Mirag Valley, a left
tributary of the Sebeg Valley, in the right slope of the Dobra Valley, on the Raul
Mic al Cibinului Valley and on its right bank, in the Poinita zone. Such zones
also exist in the upper course of the Dineasa Valley — Piltinis zone, north of the
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Piltinis resort, as the sources of Valea Mare and on the Reghina Valley, a left
tributary of the Sadu Valley, in the proximity of the locality with the same name.

Most of these ”islands” have been evidenced by our works and we shall give
the explanation of their presence in the very zone with staurolite + kyanite in the
chapter dealing with structure.

The -sillimanite - bearing zone in the southern part of the Central South
Carpathians dips east-west, with a characteristic bent in the Sebeg Mts, the Taia
and Strei Valleys basins penetrating like a wedge northward, up to the Comérnicelu
Peak zone. )

In the Capitana Mts, the metamorphic zonality is again complicated just like
in the Godeanu and Mehedinti Mts, by the presence of the second, intermediate,
low pressure metamorphism, superposed on the Barrovian one. Our researches in
this massif are not so much detailed. In the low pressure metamorphism zone,
situated in the weslern part of the Getic metamorphic rocks in the Capdtana Mts
we have evidenced the following zonality: sillimanite 4 cordierite in the central
area, followed towards the outer part by the andalusite 4 sillimanite & cordierite
gsone. This type of metamorphism disposed mainly on the southern slope of the
massif also passes in the northern slope, in the basin of the Malaia and Repedea
Valleys (Fig. 70). The Barrovian type of metamorphisin situated east of the
previous one has been presented in detail on the 1: 200 000 map. Hann’s studies
(1978) and our own have led to an image different from the known one. The most
important area of Barrovian metamorphism is occupied by the sillimanite zone.
It contains the kyanite zone, cut off to the west by the boundary between the two
lypes of metamorphism, to the east looking like a lobe. It is surrounded by the
sillimanite zone, which is totally novel for the metamorphism in our country and
probably represents only a stage in the knowledge of the metamorphism n this
massif.

C. Discussions Concerning the Mineral Relations at the Isograde
Plane and at the Boundary Between Areas with Different Types of
. Metamorphism

'
The evolution of metamorphic erystallization as presented i a previous chapter
can be deduced from the relations between various minerals belonging to differ-

. ent moments of crystallization, between the phases of deformation and mineral

-

neoformation ete.

Unfortunately, these relations are hard to preserve and they can be found only
in isolated cases, so the evolution of metamorphism is in fact a sequence of recon-
structions of isolated phases, followed by a collage that can often be subjective.

In the actual situation of the South Carpathians the Barrovian metamorphism
is at a disadvantage in this respect in comparison with the Pirinean type, as in the
first case it is likely that the slow evolution of metamorphism conditions has led to
a mineral equilibrium accompanied by the accomplishment of mineral reactions.
The fact that "the {rogen reactions” have lasted - and they have been found out
only after being repeatedly and systematically searched — is in this case only a
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matter of circumstances. As for the intermediate, low pressure metamorphism,
these relations are much more {frequent.

We have supported the two types of metamorphism with arguments approxi-
mately equal quantitatively only for the sake of a balanced presentation,

In the case of the Barrovian type of metamorphism, it could be expected that
the interval of transition between the metamorphic zones could contain elements
of disappearance and of first appearance of the two neighbouring zones. This
statement contains in itself the idea of the movement of the isograde plane in
time. “Does the pattern of metamorphic zones that may be mapped in space
correspond to the time sequence of change at any one point, while the metamorphic
conditions were slowly intensifying ? If so, then each mineral assemblage will form
directly from assemblage that precedes it in the spatial sequence of zones, by
means of the chemical of reaction that relates the two zones, and the isogrades
will migrate slowly through the rock body, keeping pace with rising temperature
and pressure.” And as a possible alternative: ”Clearly, any attempt to correlate
the physical conditions of metamorphism with natural metamorphic assemblages
is futile if the natural iictamorphic reactions are too sluggish to keep pace with
rising temperature.”

Many scientists speculated on the modalities in which a low-grade mineral
assemblage passes to a higher-grade one, and conversely, the type of reactions
varies considerably.

Certain investigators assert that it is in fact not at all important for which
reactions we opt, if the initial and the final member have a correspondant in
the mineral association in the two adjacent metamorphic zones. We have been
concerned with finding "frozen” reactions in the isograde plane zone. A first
remark we ‘can make is that in the kyanite-sillimanite isograde we are studying
“(wthin the area of metamorphism of Barrovian type) we have never found direct
‘relations between the disappearing mineral (kyanite) and the newly appeared one
(sillimanite). But two important situations have been observed.

a) the case in which the two index minerals, kyanite and sillimanite (having
therefore the certainty that they are situated in the isograde plane) were acconi-
panied by adjacent mineral relations which involved them partially.

b) the case in which in the absence of direct relations between the two index
minerals and of other relations of substitution between the other accompanying
minerals, kyanite and sillimanite coexist unchanged, in separate adjacent thin
beds, at distances of the order of millimeters (Fig. 03). In the section across
the isograde line, only the disappearance of one of the two minerals is observed.
alongside the development and the spreading of the other.

In the first case, the most frequent way in which kyanite disappears in the
isograde plane zone is its replacement by muscovite. Plate X, Figure 1, shows a
fragment of a thin section in which kyanite coexists with sillimanite. Having the
concrete proof that things happen in the isograde plane, it results that at least
in this section, the mineral relations identified are specific to this plane. A big
kyanite crystal is observed, from which muscovite has detached by digestion two
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small fragment with the same optical and crystallographic orientalion.

Fig. 53 — Coexistence of kyanite with silli-
manite: s, sillimanite; ky, kyanite; g, quartz;
b, biotite.

Fig. 54 - Substitution of garnet by sillimanite:
s, sillimanite; g, garnet; q, quartz; i, trails of
inclusions.

The situation shown in Figure 54 has equally been found in the section men-
ioned above, where an almost idiomorphie, concentrically zoned garnet crystal
ontains a sillimanite sheaf, of the same shape as the microscopic inclusions. There-

fore sillimanite has not been included mechanically, but having a mimetic shape,
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it replaces garnet. The way in which thig replacement took place is suggested
by the detailed examination of the sillimanite sheaf in which typical sillimanite is
associated with biotite and fibrolite, the last seemingly deriving from biotite, as
already happened in mumerous situations. So, the substitution of garnet by silli-
manite is preceded by the biotitization of the former. The potassium released by
the transformation of biotite in sillimanite is likely to represent the source of the
formation of the muscovite that substitutes kyanite. But, in this case, sillimanite
is formed a moment before the disintegration of the kyanite. This sequence in
time would justify, from a point & view, the spatial coexistence along a certain
distance in the isograde plane zone, of the two index minerals. y

The sequence mentioned above seems contradicted by the situation in Figure
55, where the kyanite is substituted by ”the collaboration” of biotite and mus-
covite. In this case as well it is possible for muscovite to follow biotite bul the
general aspect of the association suggests rather a simultaneous grow'th.

Fig. 55 - Substitution of kyanite by biotite
and muscovite: b, biotite; m, muscovite; ky,
Lkyanite.

Figure 56 equally shows the kyanite substitution, this time by chlorite: in the
left side the incipient phase of substitution, a partial digestion respectively, and
in the right side the total detachment (at least at the level of the section) of two
relics from a single kyanite crystal. The physiographic character of the chlorite in
this figure clearly suggests its generation from biotite, which reduces the present
situation at the already described substitution of kyanite by biotite.

Finally, a last case of kyanite substitution at the level of the isograde plane is
that by plagioclase feldspar. Two crystals of such a mineral claim the digestion
of a single kyanite crystal, from which only six relict fragments have remained,
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identically oriented from the optical point of view (Fig. 57).

Fig. 56 - Substitution of kyanite by chlorite: ky, kyanite; ¢, chlorite.

IMig. 57 — Substitution of kyanite
by plagioclase: ky, kyanite; pl, pla-
gioclase,

In the casc of the intermediate, low pressure metamorphism of Pirinean type,
developed, as shown, in the Godeanu, Mehedinti and Capitana Massifs, the min-
eral relations in the isograde plane or at the contact with the Barrovian metamor-
»hic area much more intricate, as these planes arc defined by several associated
minerals. The relation between this type of metamorphism and the Barrovian

W/ \l Institutul Geologic al Romaniei
IGR:



- Aluminium Silicate-Bearing Rocks in the South-Carpathians .71

one has given us the possibility of observing the only direct relation between
aluminium-silicates, that is the substitution of kyanite by andalusita. '

The metamorphic zonality by various authors presented in another chapter
would suggest the possibility of identifying ”frozen” reactions in the plane of these
isogrades. '

Unfortunately, it is only in the Mehedinti Mts that we have succeeded to present
in detail the relations in the isograde plane, at least in relation with the zonality
built as such (Hartopanu, 1975).

In comparison with the data from the sketch with the Metamorphism Isogrades
(Bercia 1975) for the Godeanu Mts, in which the metamorphic zonality is obtained
by uniting the areas including identical mineral associations, the situation in the
Mehedinti Mts is much less suitable for building up such a zonality. Studying the
distribution of various minerals on a high density of thin section (Figure 58) we
have found out that the mineral associations previously described by us (Chap.
IIT B 2 and Fig. 33) show an altogether restrictive distribution. These mineral
associations have been separated on a map showing the distribution of the most
important minerals, the areas of superposition of the domains of individual exis-
tence of two, three or several minerals. In Figure 59 one can notice the area of
coexistence of andalusite, sillimanite and cordierite is extremely discontinuous, in
very small islands. The sillimanite and andalusite area is even smaller, occupying
five small separate zones, and the cordierite and andalusite one occupies three
separate zones. The only continuous area is that of the sillimanite - cordierite
assemblage, only little superposed on the andaluiste one. It results the zonality
- drawn up by us before in this massif has been too much indebted to mnterpolations
and the metamorphic zonality in the Godeanu Mts has no correspondent in the
Mehedinti Mts as regards the mineral associations used by Bercia (1975).

The superposition of K feldspar remains identical with that separated by us in
previous papers, possibly prolonging farther to the south of the Isverna locality.

Taking all this into account it seems natural to us to simplify the zonality
presented before (Fig. 33) according to the reality in the field, considering in the
area of low pressure metamorphism of the Mehedinti Mts, only two zones, i.e. the
a:ﬂdalusite-bearing zone in the east and the cordierite + sillimanite + K feldspar
zone in the west.

As shown before, the zones represented by the andalusite + sillimanite +
cordierite or the sillimanite + andalusite or cordierite + andalusite assemblages are
quite discontinuous and we can consider them isograde plane associations containg
elements of two adjacent metamorphic zones.

Cousidering this situation and the intermineral relations presented in the chap-
ter referring to textures, we have thought useful a spatial representation of various
mineral relations, the most frequent and illustrative ones for the area under dis-
cussion, i

On a map presenting the areas of existence of various index minerals, we have
also figured the following mineral relations (Fig. 60): '

- the relation of substitution of staurolite by andalusite occupies an area outside

¢
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Fig. 58 - Area of distri-
bution of index minerals in
the crystalline rocks of the
Bahna Outlier: 1, Area of
cordierite distribution; 2,
Arca of andalusite distri-
bution; 3, Area of silliman-
ite distribution; 4, Area
of kyanite distribution; 5,
Western boundary of K-
feldspar distribution area.

f \\ Institutul Geologic al Romaniei
IGR



Aluminium Silicate-Bearing Rocks in the South-Carpathians

Fig. 59 - Area of coexis-
tence of index minerals in
the crystaline rocks of the
Bahna Outlier: 1, anda-
lusite, sillimanite, cordie-
rite; 2, sillimanile, anda-
lusite; 3, cordierite, anda-
lusite; 4, sillimanite, cor-
dierite; 5, paleoisograde
(relict isograde).
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IFig. 60 — Map of min-
eral isorelations in the crys-
talline rocks of the Bahna
Qutlier:  A. Substitution
relations: ‘1, kyanite/an-
dalusite 2, garnet/biotite;
3, kyanite/plagioclase; 4,
kyanite/cordierite; 5, stau-
rolite fandalusite; 6, bi-

" otitef/andalusite; 7, kya-

nite/muscovite; B. Nuclea-
tion or intergrowth rela-
tions: 8, biotite-sillima-
nite; C. Eastern boun-
dary of last occurrence: 9,
sillimanite; 10, cordierite;
i1, K-feldspar; DD, West-
ern boundary of last occur-
rence; 12, andalusite,
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which the respective relations have not been encountered. This area coincides at
its eastern boundary with an eastern portion of the low pressure ymetamorphism
area.

— the relation of substitution of garnet by biotite is equally spread in the area,
with part of the eastern portion common with the area of the previous relation;

— the relation of substitution of biotite of an older generation by andalusite
takes place in a plane whose trace is sinuous, but with general orientation resem-
bling that of the previous areals;

~ the sillimanite — biotite relation, oriented in the same direction with the
preceding ones, represents an area bounded to the east by a plane figured on the
map and to the west by the anomalous contact of the thrust line or by the boundary
with the area of Barrovian metamorphism. This relation is somehow ambiguous
and we have to show from the very beginning that we included here either the
intimate association of biotite with sillimanite and fibrolite, (the derivation of
the last two by the first being uncertain),or the relation of obvious denmtlou of
sillimanite (or fibrolite} from biotite.

The general orientation of the traces of these planes (Fig. 60) is NNE - SSW,
with certain local exceptions. A notable one is found south of the Isverna lo-
cality, where the boundaries of the sillimanite, andalusite areas, of the biotite -
andalusite and sillimanite - biotite relations are subject to a definite ENE - WSW
reorientation and the area of the garnei — biotite relation is interrupted. It 1s
equally here, superposed on these inflexions or breaks that we have drawn the
boundary of the area (of disappearance) of staurolile, which, in the acceptation
of the present paper, has an exclusively relict character. -In this case, we have
granted this boundary the value of a paleoisograde which separates the kyanite
and staurolite paleozone in the south from the kyanile paleozone in the north.

Like in the case of the Barrovian metamorphism, the relation marking the
disappearance of kyanite is that of the substitution of this mineral by muscovite.
It coincides with the line by which we marked the relation of substitution of kyanite
by andalusite. it is only in the eastern part that it hias been possible to draw these
lines.

In the western part of the contact between the area of intermediale, low pres-
sure metamorphism and the Barrovian area, between the “sillimahite 4 cordierite
zone” and the kyaniie + staurclite or kyanite zone respectively, there were no
longer any relations marking the disappearance of kyanite through its definite
substitution by sillimanite, but, only in places, relations indicating the substitu-
tion kyanite — cordierite and kyanite — plagioclase that could nediate the passage
from specific minerals to the two types of metamorphism.

All the relations presented above as well as the spatial disposition of the lines
marking mineral isorelations suggest possible metamorphic reactions that could
favour the passage irom one type of metamorphism to another and within the
same 2o of metamorphism from one metamorphic zone to another, respectively.

So, for the eastern boundary between the low pressure arca and the Barrovian
metamorphism area, the most [requent relations of sustitution arve: kyanite —
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andalusite; garnet — biotite; staurolite — andalusite; biotite — andalusite.

They can be encountered immediately south of the middle part of the Bahna
Outlier whicli we consider to be the zone with the most complicated but also with
the most constant mineral relations. Those relations would suggest reactions of
the type:

a) kyanite + garnet + staurolite + biotite — andalusite + biotite,

This reaction would obviously point to the conditions that would accompany the
passage from the Barrovian metamorphisin to the low pressure one. Within the
low pressure metamorphism area the isograde plane between the two metamorphic
zones could be materialized by the raction:

b) andalusite + biotite — sillimanite + cordierite 4+ K feldspar

that has the quality of being ubiquitous due to the permanent existence of the
final members of the two adjacent metamorphic zones.

Considering the western proximity of the Barrovian metamorphism area, it is
probable that the second term of the reaction b should also originate in a reaction
of the type:

¢) kyanite 4 staurolite + biotite — sillimanite + cordierite 4+ K feldspar

We are of the cpinion that these reactions, very simplified, of course, represent
a reality in the field and can be used for establishing the physical conditions in
which they took place. Unfortunately they imply, besides the Al2SiOs minerals,
also some others with variable chemistry and therefore ‘with different values of
the thermodynamic parameters. Nevertheless it would be possible to calculate
these parameters but, as already shown, only when it is possible to achieve the
punctiform chemical analysis of the minerals in the reaction.

By discussing the mineral relations at the boundary between the two types of
metamorphi<in, their temporal sequence has been established. It has also been dis-
cussed that within the area with Barrovian metamorphism, two important meta-
morphic phases or moments can be distinguished, their polycyclic character being
thus demonstrated. '

Within the area of intermediate, low pressure (Pirinean) metamorphism, the
existence of the two Pre-pirinean Barrovian cycles has no longer been registered.

Of course, that situation could be explained by the fact that, in the case of so
many superpositions of mineral deformation and neoformation events, it is difficult
to separate all the paragenetic individualities. _

There are, however, a few facts we consider worth mentioning here and that
could shed a new light on the temporal sequence of the main metamorphic events.

The main finding at the examination of a map containing thé low pressure
metamorplism areas and the Barrovian type ones is the coincidence between
plane Sy (recognized by us as belonging to moment 2 of the Barrovian type of
metamorphism) and the looks of the isograde planes in the domain of Pirinean
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metamorphism and even partially with the boundary between the two types of
metamorphism.

We have recognized the static postkinematic character of the crystallization of
this type of metamorphism and at the same time have demonstrated diagramat-
ically its prevailingly thermal genesis. Consequently, a relation results between
the deformation moment Ds(that generated the foliation Ss) and the moment of
intermediate, low pressure metamorphism, in the sense of their association, even
if the general tendency of the latter is that of blurring the foliation Ss.

. Another observation concerns the differences between minerals (and their rela-
tions) formed during the second, Barrovian metamorphism phase and those spe-
cific to intermediate, low pressure metamorphism. In this context it is worth
mentioning the possibility of a mineral species, formed in two different moments,
to include itself. We should also remember some minerals in the second phase, of
Barrovian metamorphism, were idiomorphic in character, which attests their late
postkinemadtic crystallization.

All these relations or the marked idiomorphism of certain minerals are no
longer found in the metamorphism area of Pirenean type but persist in the adjoin-
ing zones of Barrovian metamorphism. At the same time, as already presented, in
?the Pirenean area” numerous relics of "Barrovian”™ minerals have been identified,
which makes us suggest we are in the presence of a synchronism of metamorphism
moments, l.e. between the sccond moment of Barrovian metamorphism and the
Pirinean metamorphism moment. In other words, the intermediate, low pressure
metamorphism represents a peculiar manifestation of the second phase of Barro-
vian metamorphism, i.e. by the occurrence of a thermal dome by the end of the

kinematic phase of moment M.

It results therefore that the whole metamorphic area in the Sebeg-Lotru Series
has been subject to two important moments of metamorphism, the first being
very homogeneous, with a constant syncrhronism of the mineral deformation and
neoformation moments throughout its whole area, accompanied, no doubt, by a
heat flow which facilitated the blastesis that probably took place at very deep
levels.

The second moment of metamorphism also aflected less deep zones (which
would explain more simply ” the character of high temperature of the low pressure
parageneses” ) being also characterized by the lack of coincidence of the moment
of thermal apex with the moment of deformation, the latter preceding the former
in time,

VI. OPINIONS ON THE STRUCTURE OF THE METAMORPHIC ROCKS
OF THE SEBES-LOTRU SERIES IN THE SOUTH CARPATHIANS, AS A
CONSEQUENCE OF THE POLYCYCLICITY OF METAMORPHISM

In the last decades, structural geology, on the one hand, and the study of

metamorphism, its polycyclic character respectively, on the other hand, knew re-
markable progress. This is not the case with its concrete use, in the geological
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mapping of metamorphic fields. That can be accounted for by objective and
subjective lactors.

The discussion of the structural consequences of the |)0]ycy<}1c character of
metamorphism, which we have tried to dermonstrate in this paper, in a way goes
beyond the scope and competence of our work. But we consider necessary to ex-
press our opinion in this respect, for underlining the complexity of the deciphering
of the structural-metamorphic,evolution in the metamorphic fields in our country.

We shall approach this problems for more restricted areas than that of the
South Carpathians as it was not possible to carry out petrographical-petrogenetical
and structural studies of great detail at such a scale.

For the beginning we chose for exemplification the Central South Carpathians,
that is the Sebeg-Lotru Series in the Sebeg and Cibin Mts.

Our argumentation will follow the scheme:

" A) General aspect of lithologically contrasting rocks

B) General orientation of schistosity foliations and lineations, the position of
the synkinematic garnet in the zone of their maximum convergence

C Microstructural elements supporting the polycyclicity of the Sebeg-Lotru
Series

D The vertical distribution of the main lithological (complex) formation, the
relations between the lithological boundaries and other S planes, visible in the field
at a regional scale

E) Alignments. of blastomylonites. Their spatial and temporal position

F} Structural consequences. '

A. General Aspect of Alignements of Rocks with Contrasting
Lithology

A lithological map of the Central South Carpathians (Figure 61) shows a sur-
prising image for this unity, considered untii recently an example of lithological and
structural monotony of the Rongnian Carpathians. Indeed, at a first examination
it can be noticed that there is a well expressed .11;1}01001(:&1 content, represented
by plagiogneisses (])'11(10110;99@5) and micaschists, monotonous (’nolwll to permit
the separation by contrast of certain formations altogetlier subordinate in point
of gquantity, of various petrographies. These formations are generally carbonate
rocks and manganifercus rocks and less characteristically, amphibolites.

1. Manganiferous RLocks. As the area we refer Lo is quite large (about 55
km E-W and 30 km N-5) it gave us the possibility to follow at a regional scale the
main alignments of manganiferous rocks and to distinguish two sections. of such
alipnments:

- western section, bounded to the east by the Cugir Valley - Sebes Valiey
inerfluve. Westwards, this section prolongs close to the boundary metamorphic
rocks-sedimentary rocks of the Petrogani and Hateg Basins.

- eastern section, between the eastern boundary on the preceding section and
the basin of the East Sadu Valley.
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The western section seems to have the most complicated aspect., 1t Tooks like a
sheal, divergent to south-west, being made up of three, four distinct alignements,
all of them converging towards the confluence zone of the Cugir Valicy, with its
left tributary, Bosorog Valley (Fig. 61).

The first alignement, the most northern ome, can be followed from Poiana
Omaului to the west, on the bank of the Godeagu Valley {Gradigtes de Munte Zone),
passing by the Cugir Valley Sources up to the Canciu Zone (Cugirul Mare — Valea
Bosorog confluence). That alignment is quite disconlinious and is prevailingly
made up of spessartitic rocks.

The second alignment is the most inmportant, also including the Pravit - Bretan
ore deposits. It is strongly bent from the Jigureasa Valley Basin (left tributary of
the Strei Valley) northwards, bending again north-eastwardly in the Praviy zone
and then eastward in the zone of the Strei Valley Sources (Rovina Valiey basin)
up to Canciu.
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Fig. 61 - Skeich of the main lithological elements in the Central South Carpathians:
1, Syukinematic granites; 2, Manganiferous rocks; 3, Carbonate rocks; 4, Amphibolites;

3, Boundary of the Sebeg-Lotru Series; 8, Thrust plane.
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The third alignment can be considered a replica of the fourth. It can be followed
from Valea Riscoala (right tributary of the East Jiu Valley) north-eastwards, up
to the Auselu Valley (Taia Valley Basin) and then northwards, on the lefi bank
valley.

The fourth alignement is less bent, starting in the middle course of the Auselu
Valley and advancing northwards through the Dobraia Valley and Summit; it
meets the third alignement in the Parva Summit and the Parva and Gropgoara
Valleys Basin and prolongs north-northeast, up to Canciu.

In point of mineralogy, in the second alignement a very great variety is ob-
served, besides spessartite being described tephroite, pyroxmangite, rhodonite as
well as other minerals common to all the alignments: rhodocrosite, dannemorite.

Alongside these four alignments we should also mention the isolated occur-
rences of manganiferous rocks in the zone of the Aninoasa locality and of the
Cimpa Valley Basin, at Plaiul lui Glod, which, in our opinion can be correlated
with the second alignement, by ils strong bending south-east and east. We have
coually succeeded to identify the most eastern occurrence of manganiferous rocks
in the southern part of the Sebeg Mts, in Valea Bilele Basin, that we cousider to
belong to alignment 3 or 4.

The eastern section has the same fasciculated aspect as the western one, but
keeps a constant orientation approximately east-west, between the Cugir Valley
and the Sadu Valley, a certain divergence occurriug in the Sadu Valley zone due to
the bending of a supposed alignment of manganiferous rocks to the south, towards
the Lotru Mts and farther to the south-west, in the Cipdtana Mts (Recea Valley
Basin). ;

Finally, a small alignment can be traced more southward, on the right bank
of the Sadu Valley, between the northern points Steflesti Peak — Contu Valley -
Sadure]l Valley, trending east — west.

2. Carbonate Rocks. In the Central South Carpathians there are, generally,
few carbonate rocks. They are more largely spread in the northern part of the
Sebeg Mts, interbedded in the epumetamorphic schists of the Carpinig — Céapalna
Series. :

In the Sebeg — Lotru Series, the largest distribution of carbonate rocks is found
in the southern part of the Sebes Mts, in the East Jiu Valley Basin. Paline
(1937) was the first to map them, followed by Pavelescu, Pavelescu (1966), being
represented by a ENE - WSW alignment, south of and parallel with the East Jiu
Valley.

In point of chemistry and mineralogy, the carbonate rocks are represented by
slightly dolomitic limestones, calcareous dolomites or pure dolomites (according
to the Vigneacov cell). Subordinataly, the manganiferous ankerites or the man-
ganodolomites in these rocks can show local chemistry variations.

Our researches of great detail, have succeeded in identifying, besides the main
known ahgnment, itg prolongation that bends northwards, somehow disconti-
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nously, crossing the Fetita Mica and Sterca Valleys, then north-westwards, crossing
Valea Barlogu Mare and farther west, up to Valea Bilele.

A characteristic of the carbonate rocks alignment is its centrifugal character,
wfﬁf] a center of convergence that can be situated in the very zone in which the
syukinematic granite body at Voevodu crops out, at the confluence of the Barlogu
Mare ~ Béarlogu Mic Valleys. A second character of this alignment is (like in the
case of manganiferous rocks) its fascicular character with an equally centrifugal
tendency, the more so as we go farther from the zone of maximum convergence,

Crossing the Petrosani Basin, carbonate rocks occur more discontinuously and
with much more modest development, in the crystalline rocks of the Sebeg - Lotru
Series of the Aninoasa Valley Basin. Farther north they are encountered again in

“the upper course of the Galbena Valley {south of the Sebes Mts) continuing farther
north, on the right slope of the Sasu Valley, in the central part of the Sebes Mis.

Finally there is another lens of carbonale rvocks in the Cibin Main Swinmit, in
the proximity of the Niculesti Summit.

3. Amphibolic Rocks. Although more numerous and more difficult to
correlate, numerous amphibolite bodies are disposed similarly with the carbonate
rocks and the manganiferous rocks. The most "suggestive” alignment seems to be
that which surrounds the granite body at Voevodu, starting north of it (Candresu
Valley), then north-east and east, beyond the Barlogu Mare, Barlogu Mic and
Paraul lm Grivei Valleys, bending again south-west and west, beyond the Fetiga,
Sterminosu and Lolaia Valley. This alignment is situated at the outer part of this
carbonate rocks alignment.

Another important alignment is that situated in the Taia Valley Basin starting
south of the confluence Taia — Auselu and advancing north-west and north, up to
the proximity of the Titiana Summit.

Unlike these "aligned” rocks, which we consider a consequence of an advanced
transposition, following the last important deformation plane, Sa, there are equally
situations of a striking unconformity at a macro and mesoscopic scale between the
disposition of certain rock bodies and foliations Sy. Without entering into details,
. we mention the amphibolic rock bodies on the left bank of the Jigureasa Valley,
in the Piatra Tommatec zone and on the right bank of the Galceag Valley, which
seein to trend transversally on the structure, as it is conceived so far.

The microeline rocks (migmatites) show the same character of alignment, with
a general centrifugal aspect. But they could have been formed more recently ihan
the rocks discussed ahove, their probable age being that of 8y and therelore their
aspect is normal in this structure context.

B. General Trend of Schistosity Foliations and of Lineations, Position
of Synkinematic Granite in their Zone of Maximum Convergence

A general examination of a map of the Central South Carpathians which con-
tains planar elements (foliations) and linear ones (lineations) leads to the conclu-
sicn that the structure of this zone generally trends east — west with important
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re-bendings in the central and southern zone of the Sebes Mts, which was first sug-
gested by Ghica-Budegti (1938). The lineations, that are, with certain exceptions,
approximately parallel with the foliations strikes indicate the same thing.

The foliations and the lineations show a feature guite similar to that -of the
alignments of rocks with contrasting lithology, equaily bending in the zone of max-
imum concentration around the Voevodu Granite. This granite can be considered
a crucial point of the structure of the region. .

Areal statistical diagrams of the foliations, for almost the whole zone under
mvestigation (Pl [), mainly indicate a "faint” aspect of these elements in the
northern part of the investigated zone, with unidirectional lineations, correspond-
ing with the general irend of the structure (east-west) and foliations with small
dips, preserving at large the strike suggested by the lineations.

As we go far from the zone of the Cibin Mts westward (up to the Cugirul
Mare Valley) and then south of the Sebes Massif, we notice a gradual rotation
of the linear elements to the south-west, south, soulh-east and cast as well as a
straightening of the dips (towards the vertical) of the planar elements.

The foliations equally show re-bendings, towards the nodal point of the Vo-
evodu Grauite, the curvature radius of the lines that would unite these foliations
being smaller and smaller as we draw near the granite body. ‘

The Voevodu Granite was described by us (Ilartopanu et al., 1969} as having
a shape slightly elongated ENE - WSW and termed at the moment gneissic or
anatectic granite. In the granite body amphibolic or metapelitic rock enclaves
have been described. From the chenteal point of view, the granite is intermediate,
at the upper limit towards alkaline rocks, being a salic rock.

Microscopic textural relations have pointed to three main features:

- the existence during or immediately after the formation of this type of rocks
of active movements that led to breaks, cracks and bendings of minerals:

- the marked and long-lasting mobility of microchne; the relatively more re-
duced mobilily of other minerals such as guartz, plagioclase;

~ metasomatic replacement of various minerals such as plagioclase by albite,
biotite by plagioclase ete.

The analysis of the author’s map shows that the schistesity foliations of the
crystalline rocks adjacent to the granite body mould its shape, being permanently
parallel with the lithological contact plane granite - metamorphic rocks. ‘This
character as well as the linear (deformational) structure of granite which is slightly
elongated east — west points to its synkinematic character. Tt has also been sup-
ported by Savu et al. (1977}, the granite being considered by thein to represent
the Dalslandian synorogen magmatisni.

As the synkinematic character of the granite is not doubted (with the exception
of the papers by Pavelescu and -Pavelescu, 1974, - the most recent being the
geological map of Romania, 1 : 50,000, Varful lui Pitru Sheet - who consider it
metatectic migmatite), the problem arises of the connection of its emplacement
with a certain deformation episode. In our opinion, it is connected with the last
episode that generated plane Sy and lineation Ly. The granite penetration was
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L

accompanied by a considerable uplift of the suprajacent rock mass. We consider
the apex of the granite hody is to be foundin the zone where it crops out at present.
The ascending of the rock mass over the granite was not a solidary vertical one,
but was produced differentiatedly, one of the factors that hindered the ascensional
movement being the friction between the crystalline rocks at a long distance from
the granite and those already moving with the granite. Movement was probably
transmitted after a hyperbolic curve, being quite active close to the granite and
gradually diminishing with the distance,

Another movement worth considering is that of the crystalline rock mass in
plane Sy of the schistosity foliations, visible at present. Examining the rotation
angles of variuos minerals grown synkinematically — of which garnets are the com-
monest — we can gel an idea of the proportions of this movement.

It is easy to imagine that in the region under discussion the movements to
which the rocks have been subject were due to the combination of at least the
two movements discussed above. It seems logical to admit the maximum effect of
the combination of the two movements is achieved quite close to the granite body;
moving away fron it, the effect of ascending movements, behind the scenes, tends
to be extinguished. The only constant movement - deformation is ihat produced
al the level of Sy, being possibly cousidered a background for the deformation
brought about by the ascending of the granite,

The fact that the highest values of the curvature and therefore of the discussed
alignments arc to be found quite close to the granite body, that these deformations
diminish with the distance, leads to the conclusion that at least the deformation
materialized in these curvatures was due mainly (probably not exclusively) to the
ascending movement and the shape of the granite body. They also account, in
our epinion, for the straightening of the foliations in the proximity of the granite
body, observed from the spatial statistical analysis of planar elements,

The rocks adjacent to the granite body have been subject to a large range of
deformations, from ductile to brittle, probably due to the movement of the graniie
body that also continued after it reached a viscous state. That is why the granite
itsell has been subject to a brittle deformation.

C. Microstructural Elements Supporting the Hypothesis of the
Sebeg-Lotru Series Polycyclicity

Our works in the Central South Carpathians and in most of the crystalline
areas of the Sebeg-Lotru Series have offered us evidences concerning the existence
in the course of the history of the rocks under investigation of at least two Impor-
tant movements of deformation ~ reorganization, attesting their polymetamorphic
character. ,

The argumients we possess so far in ihe metamorphic fields in the South
Carpathians are related to microstructural aspects of rocks (presented in the chap-
ter dealing with textural relations).

Geological practice has succeeded in establishing certain eriteria for identify-
ing recyclings, such as the stratigraphic vnconformities and the accompanying
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conglomerates, the interference of folding patterns, the polymetamorphic charac-
ters, the distribution of lithophile elements, absolute age datings, (Den Tex IS,
1974).

In our opinion, a phenomenon such as polymetamorphism cannot be demon-
strated by only one of the methods above. At the same time we think it is not at
all advisable to ignore the microstructural evidences (for the time being the only
ones applicable on a large scale), the relations among minerals or among minerals
and the S planes of rocks.

The methods used for evidencing the superposition of certain distinct metamor-
phic events and which we presented in a previous chapter, consisted in the study
of the intermineral relations as well as in the relations among various minerals and
the deformation-event. We consider deformation an outcome of diflerential move-
ments on equivalent surfaces (S planes), materialized in the growth of phylosilicate
- minerals or in submicroscopic inclusions disposed on these planes.

" The purpose of the study of mineral relations and of the relation mineral de-
formation — neoformation is to establish paragenetic entities characterized by a -
specific mineralogy or individual physiographic characters, different {rom one par-
agenesis to another. '

The polycyelic character of the metamorphic formations of the crystalline rocks
of the Sebes-Lotru Series has been discussed in the chapter treating of metamor-
phism.

D. Vertical Distribution of the Main Lithological (Complex)
Formations, Relations among Lithological Boumdaries and other S
Planes Discernible in the Field on a Regional Scale

As seen in the introductory chapter, many formations making up the crystailine
rocks of the Sebes-Lotru Series are represented by a range of transitions between
two rnain types of rocks, which we can consider extremes: quartzo-feldspathic,
granoblastic rocks of granitoidic type in which I feldspar has an important part
and metapelitic rocks of the type of kyanite-bearing micaschists. Between them
are included the rocks generally termed micaceous plagiogneisses (paragneisses),
with or withoui garnets, staurolite, kyanite.

On a largest part of the area under dicussion our researchies together with those
of the geologists-prospectors who worked in the region have evidenced a certain
vertical sequence of geological formations which does not at all correspond with
the geological boundaries and structure in general, if they are built up in keeping
with foliations Ss. Y ’

1t is worth noticing that for a large part of the area under discussion, although
not necessarily for the whole of it, there exists a statistically registered regularity of
the vertical distribution of the main geological formations mentioned above. Thus,
for the zone between the Godeanu Valley (Gradistea de Munte) to the west and
the Sadu Valley - Hoteagu Valley to the cast, a remarkable "preference” is obvious
of the aluminous rocks (kyanite - bearing micaschists and rarelier plagiogneises) of
occupying the highest summits, giving the impression of a plate or a roof, intensely
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fragmented by the hydrographic network (Pl 1). The boundaries of these types of
rocks, as presented in this plate, mediate between the numerous lenses of kyanite —
bearing micaschists.. We should point out thal ihe orientation of these individual
lenses has been represented hy different authors in keeping with foliations Ss with
the general orientation east - west. In our acceptation, the initial boundary of
the aluininous rocks under discussion could have had the outline we have given it.
The eflect of the deformation and transposition by S, has given a false image of
the orientation of the major rock bodies and a real reorientation of the small rock
bodies, as seen on the outcrop scale.

A second formation presenting a prefereniial position in the vertical plane is
that of the granitoidic gneisses. They are granoblastic microcline gneisses, with
generally massive structure. They occur on the bottom of more lmportant deeper
valleys, and equally on some of their tributaries. They have been described under
various names: microcline gneisses, granitized gneisses, migmatites. !
Considering the remarkable structural — textural and compositional conver-
gences between various types of granitoid rocks, we have not yet succeeded to
differentiate these rocks from one another, o give a differentiated physiographic
description of the granitoids we discuss and of those subject to a lithostratigraphic
control depending on foliation Ss.

It is the granitoid rocks on the Frumoasa and Curpatul Valleys - right tribu-
taries of the Sebeg Valley - those on the Lotru Valley upstream and downstream
the Vidra Lake, and on the Sadu Valley, continuing the ones on the Frumousa Val-
ley, that are the most important, interesting and consistent in opposing a strati-
graphic control following plane S5, In the Sebeg Mts we have encountered such
situalions on the Anselu Valley and its left tributary, the Clibucet Valley: on the
Strei and Taia Valleys. The disjuntive tectonics frequently interrupts the continu-
ity of these rocks. :

“An association that occurs quite regularly for being characteristic is that with
amphibolic rocks.,

Between the two types described, with an intermediate position from the altitu-
.dinal and lithostratigraphic point of view, there are various types of plagiogneisses,
with or without microcline, with or without kyanite, but frequently with garnets
and staurolite. '

This lithologic sequence, applicable to the area of metapelitic rocks {with
Al2SiO;5 minerls) seems to represent an interval from the standard lithogeomet-
ric colunn of the Sebes-Lotru Series in the South Carpathians, that is the upper
metapelitic coniplex and the middle one, of quartzo-feldspathic gneisses and am-
phibolites.

E. Blastomylonite Alignments. Their Position in Space and Time

The existence in the area of the Central Carpathians of highly deformed rocks/.’

very different in physiographic aspect, has made it necessary to discerin the field

L and in laboratory, the physical conditions that contributed to its birth, the rocks’
birth implicitly.
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An altogether general classification can appreciate that the deformations of
this type are: il

1. Brittle due to recent faults or to faults in the superficial zones of the earth
crust, which produced cataclasites, mylonites and pseudotachylytes on their way:

2. Ductile produced at high temperature and pressures, implying the plastic
flow of individual grains, which slightly fragmented or without fracturing, accord-
ing to Vernon (1974) it is normal for these rocks to have a compositional bedding,
which is parallel to the XY plane of the finite strain ellipsoid. Katz (1968) sug-
gested that the recrystallized feldspar porphyroblasts in certain deformed gran-
ulites at Quebeck occupy the same relative position and volume as those of the
parental rocks preceding deformation.

In what follows we shall treat of these ductile deformations which we have
followed along certain alignments, terming the resulting #acks blastomylomites.

Unlike mylonites and cataclasites, blastomylonites are not clearly distinet from
surrounding rocks. They show a foliation which, in the zone under discusssion has
the property of being approximately conformable with foliation Sy of the adjacent
rocks, A first conclusion deriving {rom here 1s the possible synchronism between
the blastomylonite foliation and plane Sy. But it seems most likely for the blasto-
mylonite deformation planes to have adopted — as being easier - planes 5. In any
of these siluations, the deformations to which the minerals of the non-mylonitic
rocks were subject, are similar but slighter. The most visible effects of the process
under discussion are the shearings, the laminations and the mineral neoformations.

Shearing ailects only certain minerals, especially the less ductile ones, under
the conditions in which the phenomenon is produced.

In Plate X., Pigure 2 we can see a kyanite crystal clearly cul along planes
parallel to the blastomylonite foliation planc. Deformation has equally caused the
mechanical twinning of the kyanite crystal,

Two planes 5 and suecession relations ameng them (Pl X1, fig. 1) are noticed
in the mylonite planes. In this case we consider the affected foliation is relict Sy
and therefore mylonitizalion was subsequent to the deformation moment Dy and
was produced along 5, planes.

But, in most cases, this sequence is not ebserved, an indication of the synchro-
nism of the two planes, of ené being mimed by the other {coplanarity) or of the
advanced transposition of the old 5 after the new one. In any case, "the bedding”
effect is quiie visible, starting with the purely mechanical one (Pl XI, fig. 2)
where, at the level of the shearing plane, the minerals (especially quartz) are quite
crumbled, forming thin microgranular "schitereh”, with less deformed "bands” in
between, made up mainly of quartz, with undulatory extiction and apparently
developed iu the shearing plane.

In ihe rocks more hieterogeneous from the isechanical point of view a lunination
effect is produced. YWe can thus notice siides al the ievel of mlcacecus minerals {PL
X1, fig.1}, a mechanieal segregation of minerals being thus brought anout. A rock
with bedded aspect results, which is in fact an effect of the sirong transposition
of an older bedding, visible in the right bottom corner of the photo.
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Another product of the shearings and laminations we are dealing with is the
porphyroclastic structure. In Pi. XII, fig. 2 the porphyroclasts are small poly-
crystal quartz aggregates inéluded in a fine micaceous matrix, the phylosilicate
minerals probably being mineral neoformations accompanying lamination.

Besides quartz polycrystal porphyroclasts, phenoblasts can be equally repre-
sented by micas (Pl. XII, fig. 2). In this case, micas can possibly be neoformed,
accentuating the blastic character of the mylonite under consideration.

Finally, another specific character of the blastomylonites is the postkinematic
formation of new minerals that did not exist béfore deformation. Chloritoid is
the most characteristic mineral of this kind. The prismatic chloritoid erystals
are disposed at random in the schistose textural assemblage of mylonite. QOur
researches (Hartopanu 1., Hartopanu P., 1976) established that chloritoid bearing
rocks range along two important alignments and the conditions of the chloritoid
appearance are mainly the previous existence of an aluminosilicate mineralogic
background, the absence of K feldspar and the incompatibility of the association
of biotite which, in presence of chloritoid, is broken down.

In Plate XIII, Figure 1 in a finely micaceous schistose mass there are a few chlo-
ritoid bars randomly oriented and in Plate XIiI, Figure 2 the chloritoid crystals
include sillimanite needles, with which they coexist (without the latter’s decompo-
sition). This is also true for kyanite, which s partially substituted by chloritoid,
but with which it can coexist. A phase diagram (Holdaway, 1971} has already
been established, showing the coexistence of kyanite and chloritoid on a large
area, the latter being equally found on a small zone in the field of sillimanite, in
the proximity of the triple point.

Equilibrium textural relations for the kyanite — chloritoid assemblage have been
observed by several authors, of which we mention Vedna (1964) for the Alpine
metamorpbism in Slovakia.

All this makes us conclude that the degree of metamorphisim in the ductile
mylonitization zones was equal or a listle bit lower than that in the adjacent
rocks, deformations being not accompanied by retrograde replacements of minerals
such as micas, garnets, aluminiumsilicates, feldspars etc. These minerals appear in
rounded grains, in a laminated, finely granulated matrix, (especially) with strongly
recrystallized quartz. _

The zoties adjacent to the planes of ductile mylonitization also show (he Symp-
toms of similar deformations with S planes crossing certain minerals porphyrob-
lastically developed or with proofs of their rotation. The mechanisi of producing
these deformations is probably similar with that admitted to have taken place
when metamorphic nappes were formed (Zwart, 1974),

An important mass of rocks is subject to the deformations oceurring al the
levei of these nappes, with the highest strain at the base’of the slided mass. Unlike
them, the non-metamorphic nappes have the movement localized at the level of
the basal pushing plane.

As already shown, the blastomylonites investigated by us can he followed on
a few alignments, two of which are more important: one in the East Jiu Valley
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Basin, trending NNW - ESE, re-bending then towards ESE and a second one
trending © — W, crossing the Sadu, Cibin (in the neighbourhood of the Piltinig
resort), Sebeg, Cugir Valleys. :

Besides the phenomena taking place at thetievel of this plane, we can also
point to the fact that along it, zones of different metamorphism come into contact:
staurolite + kyanite and sillimanite, the last one being superposed on the first
(PL T).

In the Caledonides where this superposition has also been noticed, the meta-
morphic nappes have represented the most acceptable solution for explaining this
relation. That is why we consider that in certain places the blastomylonite plane
can have the value of an overthrust plane, synchronous with or immediately post-
dating the last metamorphic event in the region.

F. Structural Consequences

The above presentation of structural elements has tried to point out the rocks
alignment and the structure on much of the studied area has a spiral look, which,
in our opinion, represents the effect of at least two coupled movements along
different directions. The strongest effect of the combination of movements was
encountered in the Voevodu Zone, close to the synkinematic granite, described
in a previous chapter. The maximum bending of the foliation directions in this

“zone indicates the influence of the granite movement was the decisive factor in
creating the tectonic style in this zone. The degree of plasticity of flie granite,
as seen from the observed mineral relations, was diminished especially because of
the insufficient amount of water in the granitic magma (whicli was deduced from
the maximum amount of hydroxyl minerals in the granitic rock). At the same
time, the temperature of the granitic magma was high enough to correspond to
the metamorphic environment of the rocks in which granite is an intruder. The
intrusion of granite, viscous enough, was accompanied by the involvement through
friction, during the ascending movement, of the adjacent-rocks, especially in the
zone of granitic apex but also in that of the global uplifting of an important mass
of crystalline rocks situated at its top.

We can therefore imagine that a huge granitic cone was formed, wrapped in
a still bigger one, of crystalline rocks, with a common summit (in the apex zone)
(Fig. 62), making up together an immense dome.

Another element worth considering is the synkinematic character of the gran-
ite, that is of its permanent deformation during intrusion, but equally that of
the deformation of the country rocks following plane Sy which acted after the di-
rections suggested by the mineral lineations, transition movements being equally
produced at the level of this plane. We are therefore in the presence of two con-
tinuous synchronic movements, the spiral aspect of the lithologically contrasting
formations being a consequence of the combination of the ascending movement of
the granite and of their own movements in plane 59, also demonstrated by the
synkinematically grown mineral relations. The spiral aspect of the manganiferouis
rocks in the north — western part of the zone under study. complementary to the
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equally spiral look of the carbonate rocks in the south , probably equally repre-
sents an effect of the relief which descends from the granite southwards and soars
northwards, up to the main summit of the Sebeg- Cibin Mts. The disappearance
of the spiral character of the alignment of manganiferous rocks in their northern
part can be explained by the extinction of the effect of the granite uplifting, the .
rocks in this area remaining exclusively under the influence of the movements at
the level of plane Ss. :

|
|
SwN o

I'ig, 62 - Idealized sketch of the orientation of the main lithological clements in the
Sebes-Cibin Mus: 1, Synkinematic granite; 2, Manganiferous rocks; 3, Amphibolites;

4, Carbonale rocks.

The recurrence or the fasciculation of manganiferous rocks, carbonate rocks,
amphibolites, and all the other crystalline rocks, more monotonous from the litho-
logic point of view, can be explained especially by the grand effect of transposition
of deformation movement ., in planes Sy — penerally uficonformable against the
primary thological boundaries, '

The displacement planes at the level of blastomylonites can have a spectacular
effect, generating important doublings of certain lithological alignnicnis or even
overthrustings of the lower formations by the upper ones. Finally, another cans
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has to be considered — the only one invoked so far — that of primary recurrences
of the formations concerned.

The natural question arisen by so many previsible effects of the mentioned
movements is that of the primary structural aspect. of the rocks in the investigated
gone. The answer - if not simplistic - must take into account the movements in-
volved in the structure completion. At the same time it is diffienlt to represent
the composite of the movements having acted on the pre-existing lithological el-
ements, in order to identily, starting from the effects observed today, its primary
structure. The major difficulty lies in the strong transposition effect of planes 55,
The microscepic and mesoscopic relations between plane Sy and older deforma-
tion planes (possibly the planes of primary bedding too) have only a qualitative
value, showing only that they have existed and not their initial positien. It is the
figuring on the map of the main major lithological elements of a complex type (or
formation) that can give valuable information. In our zone ol research we have
thus established the boundaries between these formations to have a quasihorizon-
tal position, the pelitic formations investigated by us being sitnated in the central
part of the area of the Sebeg and Cibin Mts, in the zones of greatest height, the
vertical descendence coinciding with the crossing of more and more feldspaihic
complexes. first plagioclase and then microcline ones,

The zoue of disappearance of Lthe kyanite ~ bearing rocks in the south of the
Sebes Mis coincides with the zone of active influence of the uplifting of the granitic
mass al Voevodn. The substitution of the kyauite in the north by the sillimanite
in the south (even il the latter knows higher concentrations in certain spots) is
not equivalent with the identification in the south of the pelitic zone present in
the north, which was probably uplified and eroded,

The fan-like aspect of the sillimanite rone in the Sebeg Mis, whose shape and
general look seem to be equally related to the granitic body can also raise questions:
is there any genetic relation between the intruded granitic body and the sillimanite
genesis? s that mineral and the metamorphism zone related to it of the age of
537 For the time being, it ie difficult tc give an answer as in the zone guite
close to the granitic apex, besides the important deformations mentioned above
there also exist mineral neoformations of the kyanite type, including an older
kyanite. We consider the last generatinu of kyanite was formed in the context of
the combined deformations between planes Sy and those which accompanied the
ascending movement of the granie,

The major problem of this chapter is in fact the primary structure and the
resulting one in the zone under investigation. From the above presentation it
has resulted that the spiral look of various lithological formations, of the main
blastomylonite alignments and maybe even of the sillimanite metamorphism zone
ig the outrome of the mentioned combination of movermnent,

But what was the structural background againsi which these movements oc-
curred 7

The regulate bends for various elemeits under consideration, the quasi - hori-
zontal planar position of the clearly individualized metapelitic rocks in the north-
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ern part of the zone ~ where the effectof the granite uplifting ceases to be felt
make us assert the structures under consideration can result only from the join{
action of the mentioned movements, on an initially planar, quasi — horizontal
background. In fact this structure is not novel for the Sebes — Lotru Series; it
was demonstrated by Bercia (1975) in the Godeanu Mts and Hartopanu, laneu,
Hartopanu in Stanotu et al. (1979) in the Mehedinti Mts. - The resulting local
structure we have dealt with in this chapter is domal and all the geometrical ele-
ments concerning the spatial orientation of the formations affected by its genesis
lead to this conclusion,

" Conclusions

In the present paper we have tried to carry out a detail microscopic study of
the metapelitic rocks metamorphosed to a medium — high degree and to transpose
our observations and relations in the field. The complexity of the problems have
made us restrict our study to the Sebes - Lotru Series.

In this series we have investigated two important types of metamorphism, the
Barrovian metamorphism and the intermediate, low pressure (Pirinean) one. For
both types we have tried to demonstrate the polyeyelic character of metamorphism.
By studying the mineral relations in the zone of transition between the two Lypes
of metamorphism an attempt has been made to establish their temporal relations.
In particular, for each type Llie specific physical conditions that determined the
formation of the metamorphites concerned have been indirectly investigated.

One of the achievements of this paper is the mapping of intermineral relations
and of the sequence of metamorphisms, succeeding in drawing a paleoisograde in
the crystalline rocks area of the Mehedinti Mts.

By drawing on the map the line of mineral isorelations we consider we have
established more objectively and closer to the reality in the field, the arcas of
physical isoconditions governing the metamorphism process in the region. That
has also led to a new picture of the metamorphic zonality of the Bahna Qutlier,
previously established equally by us, but on relatively simpler criteria.

The final part of the paper represents a structural essay concerning the meta-
morphites in the Central South Carpathians, through the polyeyclic character of
the metamorphism and as one of its consequences. On this occasion we point
out that deformation as an element always presenting regional metamorphism can
bring about major changes in the shape of rock bodies - at mesoscopic level — and
in the character of the boundaries between the major rock bodies, due to transpo-
sition. Blastomylonite alignments are evidenced that impose the idea of very old
disjunctive tectonics. o

The discussions leading to the conclusion of the structural domal model of the
central zone of the South Carpathians have represented our way of approaching
the study of the structure of an intensely and repeatedly metamorphosed region.

The dynamic character of metamorphisms, the temporal sequence of certain
metamorphic phases or cycles are ot confirmed so far for the zone under study by
reliable investigations of absolute ages. However the variety of K - Ar datings on
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minerals or rocks belonging to the metamorphites of the Sebeg - Lotru Series as
well as the alternative offered by U - Pb dating on zircons (Pavelescu et al., 1979)
made on ocular gneisses at Cipalna (intercepted in two points of the Concordia
curve) make us be optimistic as regards our modality of research, in our opinion,
the only one possible on a big scale and with modest financial support.

Taking into account the space at our disposal and the conditions of rapidly
perishable ideas, that is what is meant to be my contribution to this extremely
fertile subject, Ithink I am not wrong to consider it ”a collective paper”, as at this
time of rapid circulation of information, it is difficult o conceive”a spontaneous
generation” of ideas. The paper appcars to be a distillate of the conceptions
of the present day generation of Romanian geologists - and to the extent of its
receptivity — of contemporaneous ideas circulating on the subject concerned. As
for the unanswered questions, they are all mine. And so are certain solutions or
verdicts that should be taken as personal reactions to the complexity of nature.
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EVOLUTIA POLIMETAMORFICA A SERIEI DE SEBES-LOTRU
(CARPATII MERIDIONALI) REZULTATA DIN STUDIUL
METAPELITELOR CU ALUMINO-SILICATI

(Rezumat)

I. PROBLEMATICA STUDIULUI

Lucrarea de fati este dedicati problemelor de metamorfism pe care le ridicd rocile
metapelitice ce contin in mod frecvent disten sau andaluzit si/sau sillimanit. In aria de
care ne ocupim, apartinand cristalinului seriei de Sebeg-Lotru, intensitatea metamorfis-
mului este apreciatli a se situa in faciesul amfibolitelor cu almandin.

Abordarea studiului metamorfismului a fost ficuti pe tipuri de metamorfism: meta-
morfismul barrovian gi metamorfismul intermediar, de presiune coboriti.

Studiul texturilor metamorfice din rocile metapelitice a pus in eviden{i caracterul
dinamic, permanent schimbitor, al acestor roci, rolul pe care l-au indeplinit migcirile
de deformare in facilitarea diferitelor transformiri, pe de o parte, dar si in departajarea
celor citeva evenimente metamorfice, pe de altd parte. O importanld majord a relatiilor
texturale este aceea ci ele semnificy reactii minerale. Depistarea acestor reactii, dacd este
ficutd corect, reprezinti pasul cel mai sigur spre stabilirea conditiilor metamorfismului,
sensul lor reprezentand sensul metamorfismului.

Consecinta conditiilor specifice in care s-a desfigurat metamorfismul este, in primul
rand, crearea unor entitii metamorfice. In cadrul fiecirui tip de metamorfism existd o
zonalitate ce exprimid pozitia in spatiu a gradientilor de conditii fizice.

Prin studiul relatiilor minerale, din zona planelor izograde sau la limita dintre tipuri
diferite de metamorfism, se pot depista modalitiiile de transformare minerald prin care
se face trecerea de la o zoni de metamorfism la alta, sensul prograd sau retrograd al
metamorfismului si relatiile temporale dintre diferitele tipuri de metamorfism.

Un ultim capitol al lucririi este dedicat consecintelor structurale ce derivd din carac-
terul policiclic al metamorfismului, cu o exemplificare concreti pentru zona Carpatilor
Meridionali centrali.

Gradul ridicat al metamorfismului ce a afectat rocile masivelor muntoase ale Carpatilor
Meridionali, gama variati de conditii fizice precum gi fondul litologic adecvat au ficut
posibild larga rispindire a mineralelor aluminiu-silcatice, uneori fiind concentrafe pani
la nivel de interes economic. Masivele cristaline cercetate in mod special, au {ost cele
apatinind seriei de Sebes-T.otrn din domeniul Getic (Cipatana, Lotru Cibin, Sebeg, Go-
deanu, Mehedinti, "E‘aréu} pentru ci acestea Intrunesc cele mai favorabile dintre conditiile
enunfate.
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1. METAMORFISMUL
A) Tipuri de metamorfism. Repartitia lor areald

Examinarea asociatiilor mineralogice din rocile metapelitice ale seriei de Sebeg-Lotru
a evideniiat o bipolaritate paragenetici:

— asociatii minerale din care nu lipseste anda,]umtul gi/sau cordieritul, ambelor putindu-
li-se asocia sillimanitul,

— asociatll minerale cu disten &+ staurolit san cn sillimanit.

Aceastd din urmi asociatie are cea mai largi rispandire si este specifici aga zisului
metamorfism de tip barrovian, confundindu-se aproape in totalitate cu aria de rispandire
a seriei de Sebeg-Lotru. Pe teritoriul acestui tip de metamorfism a fost supraimpus un alt
tip, intermediar, de presiune coborati (pirinean), in pozitie subsecventi fat4 de primul
si rdspandit in partea de est a peticului de acoperire Godeanu, pe cea mai mare parte
a peticului de Bahna (insular si in peticul Portile de Fier) si in zona central-sudici a

" muntilor Cipitinii.

B) Evolutia cristalizdrii metamorfice dedusd din texturi

In scopul efectudirii unei analize cronologice privind formarea i cresterea mineralelor
principale ale rocii, este necesar a se departaja in timp mineralele sau grupele de minerale
ce s-au format aproximativ in aceeasi perioadd de timp.

Care sunt elementele care le departajeazi 7

Sistemul de referm;i cel mai important, deformarea, este o migcare diferentialf pe
suprafete echivalente. In raport cun acest element, [ormarea. mineralelor poate avea loc in
timpul sau dupd migcirile de deformare.

Cristalizarea sintectonici sau sindeformatiomali a fost cercetat in special in legiiturs
cu mineralele care cresc porfiroblastic §i cu forme in general izometrice. Este probabil ci
acestea nu sunt singurele care s-au format in acest timp ci mai trebuie luate in conside-
rare i mineralele ce alcituiesc matricea rocei (mice, cuart, feldspati) care au o pondere
volumetricd importantd. Miscirile de deformare le privim ca pe un prilej si ca pe o
sursd energetici pentru neoformarea masivi a mineralelor ce materializeaz3 planele S
néscute prin deformirile invocate. Mineralele neoformate "{in pasul” in mod permanent
cu deformarea, astfel ci la incetarea acesteia ele reprezinti produsul ei ultim si alura
pozitiei finale in care ea s-a manifestat. In acest fel, aceste minerale nu vor fi ele ingile
deformate ci vor fi doar imnaginea ultimi a miscirii.

Alte elemente de departajare in timp a mineralelor dintr-o roci:

— relagii de substitutie

- gradul de idiomorfism

- gradul de deformare

Se admite ci determinarea succesinnii de cristalizare intr-o roci metamorfici este o
operatie la care trebuie lnate in considerare mai mult de unul din criteriile subliniate mai
sus.

Pentru examinarea succesiunii de cristalizare din rocile cu minerale aluminosilicatice
au fost cercetate in mod diferentiat zonele de metamorfism pe tipuri.

1. Aria metamerficd de tip Barrovian. Rocile metapelitice apartinind acestel arii
dispun de o asocialie mineralfi relativ simpld, cu minerale micacee+cuarl ~ cu rol de
matrice —, In care sunt implantate porfiroblaste de granat, staurolit, disten, plagioclaz.
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Pentru a surprinde caracterul evolutiv al rn(:llor cercetate au fost folosite relatiile inter-
minerale si relatia mineral — eveniment deformational. in acest context au fost deosebite
trei grupe de minerale: relicte, remobilizabile i tardiv formate.

Mineralele relicte s-au format probabil in timpul unui eveniment metamorfic mai
vechi. Specia acestor miinerale se poate forma si post sau sin-deformare. Sunt reprezen-
tate prin disten, staurolit, granat, biotit, putand apare ca relicte in zona de metamorfism
disten+staurolit. Ele sunt total distruse la actualul 111).'(:1 de metamorfism al silimanitului.

Mineralele remobilizabile sunt cele cu o capacitate ridicatd de reorganizare in timpul
miscirilor de deformare, imprimand rocii o nou# texturd cu tendinta accentuati de a
sterge pe cea veche. Aceasti recrganizare implici in special minerale micacee gi cuarg
dar poate angrena §i alte minerale precum granatul, distenul, staurolitul, care prezintd
in acest caz caractere morlologice si relatii ce demonstreazi neoformarea lor.

Grupa mineralelor tardiv formate include in sistematica ce o prezentdm, acele mi-
nerale care cristalizeazi static, dupd incetarea principalelor misciri de deformare. Au o
orientare indiferentd in textura rocii sau cristalizeazi mimetic.

Mineralele relicte se pot recunoaste prin gradul de deformare ridicat, spre deosebire
de cele apartinind ultimelor doud categorii.

Indicii ajutitoare pentru ierarhizarea mineralelor mai vechi in funciie de vechime
ne sunt furnizate gi de gradul mai avansat de digerare al mineraleor in comparatie cu
cele noi, de digerarea primelor de citre uitimele, de gradul de idiomorfism st de pozitia
conformi san nu in textura urientatd a rocii.

Putem considera c¥ posibilitatea péstririi unor minerale relicte in contextul unei neo-
formiri minerale masive este dificili si se poate imagina ci depinde de viteza de cregtere
a paragenezei noi §i de amploarea deformirii care a provocat distrugerea paragenezei
vechi.

Pentru exemplificarea afirmatiilor de mai sus a fost prezentatd o texturd particulara
considerat} de noi ca un rezultat al cuplirii fenomenelor deformare-neoformare minerald,
intr-un grad foarte avansat. Rezutatul conlucrdrii acestor doud fenomene este o rocd
megaporfiricd aleituitd dintr-o matrice cuart-micacee, izotropi textural si din megablaste
de disten ce au o bordurd de staurolit concrescut epitaxial cu distenul. Se mai gisesc de
asemenea granafi cu sau [ird structurd atol. Nagterea acestui tip de rocd a fost dedusi
examinind relatiile sale cu roca inconjuritoare si fenomenele care au loc in zona de
contact, plecind de la premisa ci succesiunea spatiald a fenomenelor o reproduce pe cea
in timp.

Din examinarea acestei texturi particulare, precum gi din consideratiile prezentate
mai inainte, se desprind unele caractere ale rocilor cristaline apartinind domeniului bar-
rovian din seria de Sebes-Lotru. O primi observatie este cd mineralele pot fi departajate
in functie de vechimea lor dupi gradul diferit de deformare gi digerare. Reactia lor in
afari de deformarea propriuzisi a fost de ”distrugere” insotitd de o permanenti neofor-
mare mineralf. Neolormarea minerali reprezintd un procent insemnat din masa rocii,
regenerati in acest episod de deformare, fapt care ne determind si considerdm ci din
punct de vedere cantitativ, transformirile suferite de rocd sunt comparabile cu cele ad-
mise cd se petrec intr-un eveniment metamorfic major. Punerea sa in evidenti a fost si
mai este inci dificild, tocmai datoritd amplorii desfisuririi sale in spagin, a reorganizirii
aproape integrale a mineralelor micacee gi, desigur, vechimii sale, care face extrem de
dificili identificarea ciclului geotectonic corespunzitor evenimentului in discutie. Inten-
sitatea acestui nou eveniment metamorfic poate fi judecati dupi tipul de mineral index
neoformat. S-a constatat ci existd dovezi de neoformare minerald pand la nivelul sillima-
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.nitului, ceeace ne face si considerim ¢& nivelul maxim atins este comparabil cu cel definit

de vechea asociatie. Este putin probabil ca pozitia zonelor metamorfice si fie aceeasi,
suprapunandu-se arii cu intensitate diferiti. Consecintele acestui fapt, in mod previzibil,
sunt: amestecul de minerale index (de intensititi diferite sau de varste diferite), com-
plicarea fenomenelor petrecute la planul izograd, pierderea caracterului trangant dintre
vechile zone metamorfice. O alt¥ consecinti priveste determinirile de varsts absolutd, in
special cele efectuate asupra mineralelor micacee proaspete. Virstele determinate in acest
caz sunt cele ale ultimului eveniment ce a generat micele proaspete si nu ale celui in care
s-a format majoritatea mineralelor de tip disten, staurolit si granat. O ultimi consecinti
pe care o amintim este aceea care priveste operatia de cartare geologici, cu scopul siu
final de a stabili geometria corpurilor de roci. Deducerea sa pe baza misuritorilor
foliatiilor cel mai bine exprimate, in speti 5, pune sub semnul intrebirii coincidenta
dintre acest plan si limitele litologice primare Sy sau foliatia S; a primului metamorfism.
De aici rezultd pericolul construirii limitelor corpurilor de rock pe baza unor elemente
geometrice diferite pozitional fatd de limitele initiale ale complexelor litologice si pe baza
unor limite litologice transpuse, apartinind unor corpuri de roci diferite.

2. Aria metamorficd de tip intermediar. Mineralele caracleristice acestui tip de
metamorfism sunt andaluzitul, cordieritul si sillimanitul. Ariile in care au fost intalnite
parageneze ce includ mineralele de mai sus sunt situate in muntii Godeanu, Mehedinti si

" Cipiiana. Mineralele rocilor metapelitice care contin aluminosilicati si/sau cordierit se
afid in numeroase cazuri in relatii reciproce, observabile la scar microscopicd. Ele se pot
raporta la miscirile de deformare care au creat textura foliati a rocilor sau la mineralele
ce apartin tipului de metamorfism barrovian, pe care le-an substituit in cea mai mare
parte. Relatiile cu acestea din urmi pot fi cercetate doar in zona de contact dintre ariile
cu aceste doud tipuri de metamorfism.

Analiza relatiilor minerale din rocile apartinind metamorfismului de Lip intermediar
denoti citeva trasituri:

a) mineralele index citate au o blastezi predominant staticd, subsecventd ultimului
eveniment deformational, cu tendinta de a estompa foliatia principal¥ a rocii.

b) relatiile dintre mineralele caracteristice tipului intermediar si celelalte minerale
sunt:

- substitutia staurolitului prin andaluzit

- biotitizarea granatului

- incompatibilitatea cordieritului cu staurolitul

- substitutia biotitului §i muscovitului de primi generatie prin andaluzit sifsan
cordierit

- dezvoltarea sillimanitului din biotit, concresterea frecventi intre aceste minerale.

Toate aceste relatii vor fi ulterior completate cu cele din zona de coutact dintre cele
doud tipuri de metamorfism.

ITL. REACTII MINERALE DEDUSE DIN RELATII TEXTURALE

Un pas important in sesizarea dinamicii metamorfismului l-a reprezentat recunoasterea
faptului cd unele minerale sau grupe de mimerale mai vechi sunt legate de cele mai noi
prin reactii minerale, grupele amintite reprezentand termeni ai acestor reactii. In mo-
mentul de fatd posibilitatea cea mai eficientd de a stabili conditiile in care au avut loc
principalele evenimente metamorfice este aceea de a ideniifica cele mai importante reactii
care s-an petrecut’in roci.
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Prima etapi care duce la stabilirea reactiilor metamorfice este cunoagterea diferitelor
{receri (si succesiuni de aparitie) intre mineralele rocilor cercetate. Au fost sclectate cele
mai reprezentative relatii minerale observate la microscop, exclusiv din zonele in care
metamorfismul intermediar, de presiune coborati s-a suprapus peste cel de tip Barrovian.
Aceste zone beneficiazd de o conservare apreciabild a numeroaselor relatii minerale, fapt
care derivi probabil din specificitatea celui de-al doilea tip de metamorfism s, poate,
din intervalul de timp mai scurt in care el a actionat. Relatiile minerale identificate
semnifici in majoritatea cazurilor reactil intre mineralele implicate. O caracteristicd

_a acestor reactii, reznltatd din analiza microscopicd este aceea cd apalinind accleaiasi
asociatii mineralogice sunt sincrone gi implicit, au avut loc in aceleast conditii fizice.
Rezulti cf, in mod ideal, curbele trebuie sd cencure inte-un punct san o arie restransi,
care reprezintd conditiile in care asociatia a fost in echilibru. Am reprezentat trei din
aceste reactii deduse din relatiile interminerale, reactii care an fost realizate experimental
de citre Richardson (1968). Intersectia acestor curbe-reactii are loc la cca 630° Cgilao
presiune de 3,5 kbari. Deci aria termobaricd in care au avat loc fenomenele implicate de
reactiile pomenite, trebuie si graviteze in jurul acestor valori.

IV. CONDITHLE METAMORIISMULUI
A) Arqumente pentru existenfa entildfilor metamorfice

Conditiile fizice din cele doud mari domenii de metamorfism, pot fi cunoscute sub
aspect cantitativ, folosind procedeul suprapunerii diferitelor diagrame de stabilitate (co-
respunzitoare unor mincrale, asocialii minerale sau relatii dintre acestea) intr-un acelasi
spativ P, -

Pentrn metamaorfismul de tip barrovian a fost construiti diagrama din fig. 47. Zona
reprezeniativi pentru acest tip de metamorfism este aceea a Carpatilor Meridionali Cen-
trali — muniii Lotrului. Domeniul de formare minerald din aceastid arie este ingradit de
curba Anap -+ hornblendi, de linia de echilibru monovariant disten-sillimanit gi de curba
anatexiel.

Penirn zonele de metamorfism de tip intermadiar, de presiune coboritd am ales zona
mmntilor Mehedinti (petecil de Babnaj A fost stabilita aici o zonalite metamouficd cu
dispozitie concentricd. Plecand de fa premiza ¢i suecesiunea spatiald de asociagi minerale
din zonele amintite reprezinii succesiunca formirii lor in timp, am situat intr-o diagrama
P-T (fig. 51) asociatiile de minerale din fiecare zond pe baza unor curbe de echilibru bine
stabilite. Asociatiile de minerale au fost figurate prin 5 puncte dispuse colinear, paralel
¢n axa temperaturii. Rezultd, in mod paradoxal, ¢l metamorfismul de presiune coborati
cercetal aict s-a realizat printr-o crestere de temperaturd in conditii izobare, fapt co s-ar
putea datora unui dam Lermic,

Succesiune in timp a celor doud tipuri de metamorfism a fost demonstraid prin suc-
cestunea paragenezelor specifice cii gi prin relatii directe de substitutie a distenului prin
andaluzit sau cordierit, a staurofitului prin andaluzit.

B) Zonalitatea metamorficd

S-a schitat o zonalitaie metamorficd pentru fiecare tip de metamorfism. Metamorfis-
nml de tip barrovian, cu dxceptia masivelor Semenic §i Godeanu, nu contine decit doud
zone metamorfice: zona cu sillimanit gi zona cu distend-stanrolit,
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O caracteristic a nrodalit#iii de reprezentare a izogradelor de metamorfism, aga cum
au fost intelese pan¥ in prezent, este paralelisminl aproape perfect intre planele izograde
st planele litostratigrafice primare (So). Considerim c& acest fapt implici nnmeroase
excepiil.

. Metamorfismul intermediar, de presiune cobariti comportd si el o zonalitate meta-
morficd, fatd de care zonalitatea de tip barrovian este o paleczonalitate.

In muntii Godeanu, Bercia (1975) a stabilit ci izogradele de metamorfism sunt con-
centrice, urmirind limitele litostratigrafice cvasiorizontale. Rezulti o zonalitate meta-
morficd in relatii de seperpozitie: zona cu sillimanit-fcordierit+andaluzit la partea in-
ferioar, zona cu anadaluzit intr-o pozitie mediani iar la partea superioard zona cn
andaluzit+staurolit,

Zonalitatea din muntii Mchedinti va fi prezentati si explicatd inir-un capitol urmitor.

In muntii Cipdtanii am evidentiat wrmiioarea zonalitate (areali): zoma cu silli-
manit-+cordierit in partea centrali si zona cu andaluzit+sillimanit+cordierit la exteriorul
p[l[ﬂel.

C ) Relaiile minerale la planul izograd i la limita dintre aviile cu
tipurt diferite de metamorfism

Evolutia cristalizdrii metamorfice dedusi din relagiile minerale este de fapt ¢ succe-
siune de reconstituiri de secvente izolate, pentru ci acesica sunt, cel mai adesea, greu
pastrate.

In cazul metamorfismului de tip barrovian este previzibil ci intervalul de tranzitie
dintre zonele metamorfice contin elemente de disparitie si de primi aparitie ale celor
dous zone vecine. Preocupirile noastre au vizal gsirea unor reactii "inghefate” din
zona planului izograd. La izogradul disten-sillimanit nu an fost gasite relatii directe intre
aceste doudl minerale. S-au putui observa insi doud situaii:

a) Cele doud minerale index sunt fnsotite de rela{ii minerale adiacente care le implics.
Cel mal frecvent mod de disparitic al distenului este prin substituiia sa de cdtre muscovit.
Ca o relatie complemeuntard se remarci biotitizarea granatului si transformareca biotitulhi
in sillimani. Distenul mai este substituit de citre biotit san plagioclaz.

t) Distenul si sillimanitul coexisti netransformate, in stritulete individeale, adia-
cente, la distante milimetrice sau submilimetrice.

In cadrul metamorfismului de presiune cobordtd au fost efectuate detalieri importante
in ce priveste zonalitatea metamorficd, fiind in prezent in misurd si dim o zonalite mail
simpld pentrn petecul de Bahna si mai conformi cu realitatea terenului. Am separal astfel
doar doud zone: zova cu andaluzil in est si zona cu cordierit+sillimanit+feldspat potasic
in vest. Zonete cu asociagiile andatuzit+sillimanit+-cordierit sau sillimanit4-andaluzit SaN
cordierif4andaluzit, destul de discontinue le putem considera asociatii de plan izograd,
continand elemente a doud zone metamorfice adiscente.

Relatiile minerale mai importante din aceastd regiune au fost figurate pe o hartd, fie
prin arii de zorelatii minerale, fie prin linii, dupd cuim urmeazi: relatia de substitugie
a staurolitului prin andaluzit; relatia de substitulic a granatuluj prin biotit; relatia
sillimanit-biotit; {areale) gi relatia de sibstitutie a bistitului de o generatie mai veche
prin andaluzit (lincari}. Orientarea generald a acestor linil sau arii de izorelatii minerale
este NNE-SEW. La sud de localitatea lzverna am trasal limila ariei (de disparitie) a
stayrolitului, pe care noi il consideriim exclusiv reiict. In acest caz, acestei limite i-am
acordal valoarea unai palecizograd ce desparte paleozona cu disten gl stanrolit din sud.
de paleorona cu disten din nord.
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P vate &ces‘%cﬂ.la;n e;pusc mat s’“as, precum i dispozifia bpdt‘mli a !mulor ce 111drcheaza

'i;uralafn fnineralé, sWgereazy reactii thetathorfice posibile care ar fi pu udt. prilejui trecerea

de la un t.xp de metamorfism la altul gi respectiv, in cadrul acelniagi tip de metamorfism,

- de 12 o zonk la alta. Astiel, pentru limita estici a ariei de presiune coboritd cu aria de
" metamorfism Barrovian, cele mai frecvente relagii de substitutiesunt: disten — andaluzit;
: granat — biotit; staurolit — andaluzit; biotit — andaluzit.

‘Aceste relatii ar sugera reactii de forma:

disten + granat + staurolit + biotit — andaluzit + biotit

Aceastd reactie ar materializa conditiile care ar insoti trecerea de la tipul Barrovian
la cel de presiune coboriti de metamorfism. i

In interiorul ariei cu meta.morﬁsm de presiune coboriti, planul izograd dmtre cele
dou¥ zone metamorfice ar put.ea fi materializat prin reactia:

‘andaluzit+biotit — sillimanit4cordierit+feldspat potasic,

reactie ce are insusirea de a fi omniprezentd prin perganenta existenti a membrilor
finali in cele doud zone metamorfice adiacente. '

Este probabil ci termenul al doilea al ractiei a doua, in vecindtatea vestici a zonei
de'metamorfism Barrovian, poate proveni de asemenea printr-d reactie de tipul:

disten-staurolit-+biotit — sillimanit+cordierit4feldspat potasic

! Considerdm. c¥ “aceste reactii, desigur foarte simplificate, reprezinid o realitate a

_te‘re{lulut st pot fi folosite pentru stabilirea conditiilor fizice i in care s-av desfisurat, desi,

din picate, ele mflphré si minerale cu chimism si respectiv para,metn termodinamici vari-

abili.
D) Comentarii asupra relajiilor dintre cele doud tipuri metamorfice

Reamintim ci in cadrul ariei metamorfice barroviene au fost stabilite momente im-
portante. In cadrul ariei de metamorfism de tip intermediar, de presiune coboritd, nu a
mai fost depistati existenta celor doud momente amiatite mai sis. O primé explicatie
ar fi aceea a dificultiitii conservirii individualitdtilor paragenetice in cazul rmprapmlem
atator evenimente deformationale si de neoformare minerald.

O alti explicatie care aruncd o lumind noui asupra snccedirii principalelor eveni-
mente metamorfice ar consta din coincidenia dintre planul 5; barrovian i alura planelor
izograde din aria cu metamorfism de tip intermediar. Aceasta sugereazi o legdturd intre
deformarea I, si metamorfismul de tip intermediar in sens asociativ.

Numeroase relatii minerale sau aite caractere ale mineralelor din aria barroviani nu
mai sunt intilnite in aria de presiune coboratd iar relictele barroviene din acesatii din
urmi arie par a fi de tipul barrovian vechi {momentul I}.

Toate acestea sugereazi ideea unui sincronism intre al doilea moment barrovian gi
momentul de tip intermediar, de presiune coborati.

Cu alte cuvine, metamorfismul de tip intermediar (pirinean) reprezinti un mod par-
ticular de manilestare a fazei a doua de metamorfism din domeninl barrovian, In opinia
noastri, aria metamorficd apartinind seriei de Sebes-Lotru, a suferit doud momente
importante de metamorfism din care primnl a fost foarte omogen cu un sincronism al
momenielor deformare-neoformare minerald pe toati aria sa. Al doilea moment a afectat
i zone mai putin profunde (ceeace ar explica mai simplu ”caracterul de inaltd fempera-
tur# al paragenezel de joasi presiune”), caracterizindu-se si prin lipsa de coincidentd a
momentului de apex termal cu momeniul deflonnirii, acesta din urmi precedandu-l pe
primul,
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Este e\rldent (.5. ?solutia’ term}ci{” ce éxplici aparitia metamorﬁv‘mulm de presnme_
cobora.ta pe aria seriei de Sebes- Lot} trebuie argumentatd i prin alte metode,

V. OPINII STRUCTURAtE PRIVIND SERIA DE SEBES-LOTRU

Pentru descifrarea evolutiei structurale si petrologice in terenuri cristaline intens si
repetat metamorfozate, am ales spre exemplificare aria Carpatilor Meridionali centrali,
respectiv seria de Sebeg-Lotru din muntii Sebes si Cibin,

A) Alura aliniamentelor de roci cu litologie contrastantd

In contrast cu fondul litologic monoton (plagiognaise si micasisturi), in aria discutati
se pot separa unele formatiuni litologic contrastante: roci carbonatice, roci manganifere,
amfibolite.

Rocile manganifere se dispun pe citeva aliniamente in doud tronsoane:

— tronsonul de vest are un caracter fasciculat, cu aspect general de jerbi divergenti spre
sud-vest, fiilnd alcdtuit din 3-4 aliniamente ce converg in zona viii Cugirului;

- tronsonul de est prezmti acelagi caracter fasciculat dar igi pistreazi o orientare general
est-vesi.

Rocile ca.rbona.l,ice sunt rispindite in special in partea de sud a ariei discutate, in
bazinul viii Jiului de est. O caracteristici a aliniamentului de roci carbonatice este
caracterul s{u centrifugal, cu un centru de convergenti in zona in care afloreazi corpul
de granit sincinematic de la Voevodu. Un alt caracter este fascicularizarea sa, cu tendinti
de asemenea centrifugali, mai accentuati pe misura depirtirii de zona de convergenti
maximi.

Rocile amfibolice sunt mai numeroase gi mai dificil de corelat, numercasele corpuri
de amfibolite dispunindu-se cu aceeasi alurg.

B) Orientarea generald a foliatiilor de sistozitate si a linea tilor,
ge $
plasm’ea granitului sincinematic in zona de mazimd convergentd a
acestora

Aceste elemente planare si lineare au acecasi recurbare in zona de maximi concentrare
de la Voevodu, astfel incit graunitul situat in aceasti zoni poate fi cousiderat ca un punct
nodal al structurii. Acest granit are o compozitie intermediari spre alcaling. Contine
enclave de roci amfibolice sau metapelitice. Foliatiile rocilor cristaline adiacente muleazi
forma corpului granitic, insusgi granitvl avind un caracter slab foliat si linear. Are o form#
alungitd est-vest. Aceste caractere pledeazi pentru un caracter sincinematic in raport
cu momentul Dp. Miscarea masei de roci de deasupra granitului a fost ascensionald, ca
si a acestuia iar frecarea dintre granif si sisturile eristaline adiacente sau dintre acestea
gi altele mai indepdriate, a prilejuit o transmitere a miseirii dupd o curbi hiperbolici.

O altid migcare este aceea efectuatd in planul S; al foliatiei de sistozitate, amploarea
sa fiind apreciabild, putand fi dedusi din unghiul de rotatie al mineralelor sincinematice.

Deci migcérile suferite de rocile din aceastd zoni represinti un rezultat al actliunii
combinate a celor doud misciri-deformiri: cea care s-a manifestat la nivelul planului S,
(constantd si generald), pe fondul cireia s-a desfisural migcarea-deformarca provocati
de deplasarea ascensionald a granitului,

W/ \\ Institutul Geologic al Romaniei



104 1. HARTOPANU °

C) Elemente microstructurale in sprijinul policiclicitatu

La capitolul de metamorfism am adus dovezi despre existenia a cel putin doud mo-
mente de deformare-reorganizare importante ce au aleciat seria de Sebes-Lotru. Ac-
centuim c% neoformarea si deformarea la nivelul unui plan S produce un hmportant
fenomen - transpozitia - care modificd radical erientarea corpurilor de roci la nivel mezo-
_scopic. i

.

D) Distributia pe verticald a complexelor litologice

In mod statistic existi o distribuiie in plan vertical a celor dou entitii litologice
(rocile cuarto-feldspatice si metapelitele}, precum si a trauzifiilor dintre acestea. Se
remarci o "preferinii” a rocilor aluminoase (micasisturi cu distengranati) de a ocupa
crestele cele mai inalte. Limitele acestui tip litologic reprezintd o mediere a numeroaselor
lentile de micagisturi cu disten. Efectul deformational gi de transpozitie al lm 5, a creat
o reorientare reald a corpurior mici de roci, la nivel mezoscopic.

Gnaisele cuarfo-feldspatice au dimpotrivi o "preferintd” statisticd pentru zonele
mai coborate, aflorind pe fundul viilor mai adanci. Cu pozilie intermediard, alti-
tudinal si litostratigrafic se afli diferite tipuri de plagiognaise cu granati, staurolit,
+distentmicroclin.

E) Alintamentele de blastomilonite. Pozitia lor in spafiu gt in timp

in aria cercetati s-au evidentiat citeva aliniamente de roci ultradeformate ductil.
Foliatia lor concordd partial ca S;. Neoformarea minerald din aceste roci este represen-
tatd prin mice i cloritoid. Minerale ca granatii, aluminosilicatii, feldspatii an supravetuit
ca relicte intr-o matrice fin cristalizati. Se poaie deduce ci gradul metamorfismului din
aceste zone de milonitizare ductili a fost egal sau puiin mai coborit decat cel din rocile
adiacente. '

Se remarci {aptul ci in lungul planului de blastomilonite vin adesea in contact zone de
metamorfism diferite; staurolit-tdisten gt sillimanit, cea din urmi sitndndu-se geometric,
uneori, peste cea dintai. Considerfm deci X in unele locuri planul de blastomilonite
poate avea valoarea unui plan de incilecare sincron sau mai tardiv in raport cu Ss.

I") Consecinte structurale

A reiesit din cele prezentate ca alura spiralati a diferitelor formatiuni litologice,
rezultid din combinarea de misgcin citata.

Dar pe ce fond structural s-an manifestat aceste misciri?

Alura foarte regulatd a curbiril diverselor elemente urméirite, faplul ci in partea
de nord a zonei cercetate, unde se siinge cfectul ridicirii granitului, rocile metapelitice
au o pozitie cvasiorizontald s1 planard, ne face si afirmim ci structurile urmirite nu
pot rezulta decit prin actiunea cuplaty a migcirilor citate, pe un fond initial planar
gi cvasiorizontal. Structura locald rezultatd de care ne-am ocupat aici este o structuri
domald, avand apexul in zona de aflorare a granitului de la Voevodu,
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INSTRUCTIUNI PENTRU AUTORI

Vor fi acceptate numai lucririle originale care prezinti condis si clar informatii
noi. Manuscrisul va fi supus lecturii critice a unuia san mai multor specialigti; dupi
a doua revizie nesatisficitoare din partea autorilor va fi respins definitiv i nu va fi
inapoiat.

Manuscrisele trebuie prezentate, de reguli, in englezd sau {rancezd; cele prezentate
in limba roménd trebuie s fie insotite de un rezumat, in englezi sau francezd, de
maximum 10 % din volumul manuscrisului.

Lucrisile trebuie depuse, in doud exemplare, la secretariatul Comitetului de redac-
tie, inciusiv ilustratiile in original. Manuscrisul trebnie si cuprindi: textul {cu o pa-
gind de titlu, care este si prima pagini a fuerdirii), bibliografie, cuvinte cheie. abstract,
ilnsfratii, explicatii ale figurilor si plangelor, gi un sumar cn scop telnic. .

Se va adduga o fil4 separat} cu un sumar, in care se va indica jerarhia titlurilor
din text in clasificarea zecimald (1; 1.1; 1.3.1), care nu trebuie si dephgeasci pairu
categorii. .

Textul va fi dactilografiat la doud rinduri (31 rinduri/paging si 64 semne/rand),
pe o singurd parte a colii, cu un spatin liber de 3-4 ¢m in partea stangd a paginii si
nu trebuie sd depigeasci 20 pagini dactilografiate (inclusiv bibliografia gi figurile).

Prima paginid 4 textnlui va cuprinde: a} titlal lucririi (coneis, dar informativ), cun
un spatie de 8 cm deasupra; b) numele intreg al autorshd (antorilor); ¢} institulia
(instituiiile} si adresa (adresele) pentru fiecare autor sau grup de antor; d) colontitlu
de maximum 60 semne. Noiele de subsol se vor numerota consecutiv.

Uildrile din text trebuie si includd numele antorului si anul publicirii. Exemplu:
lonescu (1970) sau (lonescu, 1970). Pentru doi autori: lonescu, Popescu {1969} san
(lanescn, Popescu, 1968). Pentru mai mult de doi autori: lonesen et al. (1980) sau
(Tonescu et al., 1280). Pentru lucririle care se afli sub tipar, anu! publiciri va §i
inlocuit cu "in press”. Lucfarile nepublicate si rapoartele vor fi citate in text en i
cele publicate.

Abstractul, maximum 20 vanduri, trebuie si fie in limba englezi g1 88 preziste pe
scurt principalele rezultate si concluzii (nu o simpld listd cu subjecte abordate).
spunzitor limbil fn care este lucrarea (san abstractul, dacd textul este in romini),
prezentate ii succesiune de la general la specific §i dactilografiate pe pagina cu ab-
stractuj.
pentru autorit cu mat mult de o lucrare. Abrevierile fitlulul jurnalului san ale editurii
trebuie sd fie conforme cu recomandérile respectivelor publicalii sau en standardele
internationale,

Exemple:

a) jurnale:

Giuged, D. (1952) Contributions 4 'étude cristallochimigue des niobates  An.
Com. Geol.,, XXIIL, p. 259-268, Bucuresti.
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la Mugca. Comm. Acad. Rom., IV, 11-12, p. 658-981, Bucuresti,

b) publicatii speciale:

Strand, T, (1972) The Norwegian Caledonides. p. 1-20. In: Kulling, O., Strand,
T. (eds.) Scandinavian Caledonides, 560 p., Interscience Publishers.

¢) clrti:

Bilan, M. (1976) Zicimintele manganifere de la lacobeni. Ed. Acad. Rom., 132
p., Bucuresti.

d) hirti:

Tonescu, L., Popescu, P., Georgescu, G. (1998) Geological Map of Romania,
scale 1:50,000, sheet Campulung. Inst, Geol. Geofiz., Bucuresti.

e) lucriri nepublicate sau rapoarte:

Dumitrescu, D., Ionescu, L., Moldoveanu, M. (1987) Report. Arch. Inst.
Geol. Geofiz., Bucuresti.

Lucrérile sau 'c?irgile pub]i.(:a.'te in rusi, bulgard, sarbi etc. trebuie mentionate in
bibliografie transliterind numeleé si titlurile. Exemplu:

Krasheninnikov, V. A., Basov, I. A. (1868) Stratigrafiya kainozoia. Trudy
GIN, 410, 208 p., Nauka, Moskow. '

Hustratiile (figuri si planse) trebuie numerotate si prezentate in original, pe coli
separafe (hirtie de calc), bune pentru reprodus. Dimensiunea liniilor, a literelor si
simbolurilor pe figuri trebuie s fie suficient de mare pentru a putea fi citite cu ugurinta
dupi ce au fost reduse. Dimensiunea originalului nu trebuie si depiigeascd suprafata
tipografici a paginii: 1itimea coloanei 8 cm, litimea paginii 16,5 cm, lungimea paginii
23 cm, pentru figuri, iar pentru plangele liniare nu trebuie si depiseasci dimensiunile
unei pagini simple (16,5/23 cm) sau duble (23/33 cm) §i trebuie si fie autoexplicativd
(s includid titlul, autori, explicatie etc.). Scard graficd obligatorie.

Tlustratiile fotografice (numai alb-negru) trebuie si fie clare, cu contrast bun si
grupate pe plansge de 16/23 cm. In cadrul fiecdrei planse nmindriitoarea fotografiilor
se repetd (de. ex. Pl I, fig. 1, PL II, fig. 1).

Tabelele vor fi numerotate si vor avea un titlu. Dimensiunea original a tabelelor

trebuie si corespundi dimensiunilor tipografice mentionate mai sus (8/16,5 san
16,5/23). '
Autorii vor primi un singur set de corecturd, pe care trebuie si-1 inapoieze, en
corecturile corespunzitoare, dupi 10 zile de la primire. Numai greselile de tipar
trebuie corectate; nu sinl accepiate modificiri. '
Autorit vor primi gratuit 30 de extrase pentru fiecare lucrare,
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I. HARTOPANU Signiticance ot aluminium silicate-bearing rocks [kyanite , andolusite, sillimanite) in the South Caerpathians [ Sebeg- Lotru Series) PlLI

SKETCH MAP SHOWING STRUCTURAL AND METAMORPHIC FEATURES OF CENTRAL SOUTH CARPATHIANS
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Plate IX

I. HARTOPANU - Alumininm Silicate-Bearing Rocks in the South-Carpathians

-1
o

Fig. 1 Amply folded michaschist with  rectilinear micas and  broken garncts. N|| |
Bogarnel, gequarts, m-micas.

Fig. 2 - Deformation contrast between micas and kyanite. N||, 75X; m-micas, ky-kyanite,
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Plate I1I

I. HARTOPANU - Aluminium Silicate-Bearing Rocks in the Southi-~-Carpathians

Fig. 1 - Rectilinear segments of micaceous minerals making up a fold, N+ ; 75X, m micas.
ky deformed kyanite erystal.

Fig. 2 - Kyanite crystal wien numerous breaks in an undeformed micaceous matrix, N||, 100X;
m micas; ky-kyanite; q-quartz.
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Plate IV

L. HARTOPANU - Alwminium Silicate- Bearing Rocks in the South—Carpathians

Fig. 1 - Kyanite crystal partially digested by quartz. The kyanite is bent and included in an
undeformed quartzo-micaceous matrix. N4, 75X; ky-kyanite; q quartz.

Fig. 2 - Trails of kyanite inclusions (Si), transversally disposed on foliation (Se). N+, 75X;
ky-kyanite; g-quartz.

_(\ Institutul Geologic al Romaniei

IGR,



7N Institutul Geologi aniei
- gic al Romaéaniei



Plate V

I. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South-Carpathians

Fig. 1 - Si/Se unconformity; the trails of inclusions in feldspar are disposed in a fan, N4,
100X; p-plagioclase; m- miras.

Fig. 2 — Blastesis movement relation materialized in a garnet crystal. N||; 100X. -
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Plate VI

I. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South-Carpathians

Fig. 1 - Massive texture in a metamorphic rock F [photo of sample). ky-kyanite, st-staurolite
vrystal border,

Fig. 2 - Staurolite epitaxial intergrowth on kyanite. Partial substitution of kyanite by quartz.
N+, 75X; ky-kyanite; st-staurolite; q—quartz.
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Plate VII

L. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South-Carpathians

Fig. 2 - Temporal relations in kyanite blastesis. kyi~1°¢ generation kyanite; kyz—2"? genera-
tion kyanite; g—quartz. N4, 150X, .
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Plate VIII

I. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South--Carpathians

Fig. 1 - Unconformable position of the trails of inclusions in kyanite against the foliation of
the near by matrix. N+, 100X; ky-kyanite,

Fig. 2 - Paleotexture in 274 generation kyanite. N||, 75X; ky-kyanite; g-quartz.
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Plate IX

I. HARTOPANU — Aluminium Silicate-Bearing Rocks in the South—Carpathians

Fig. 1 Orientation of micas in the matrix after at least two directions, N4, 75X

g

M

Fig. 2 - Metastable persistence of staurolite in the sillimanite zone. N||, 75X; st staurolite:
s—sillimanite.
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Plate X

I. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South-Carpathians

Fig. 1 - Substitution of kyanite by muscovite. N+, 100X; ky-kyanite; m-muscovite

Fig. 2 - Shearing of pre-mylonitic minerals N+, 100X; ky-kyanite,
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; Plate X1

L. HARTOPANU - Aluminium Silicate-Bearing Rocks in the South—Carpathians

i

Fig. 2 -~ Mechanical "bedding” produced by the shearings accompanying mylonitization. N+,
100X; m-micas; g-quartz.
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Plate XII

L. HARTOPANU - Aluminium Silicate-Bearing Rocks in the Sonth-Carpathians

Fig. 1 Differentiated and relict laminations in pre-mylonitic S planes.

Fig. 2 - Mylonite with porphyroclastic structure. N+, 100X; g-quartz; m-micaceous aggre-
gates.
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Plate XIII

I. HARTOPANU - Aluminium Silicate—-Bearing Rocks in the South-Carpathians

Fig. 2 - Blastomylonite containing sillimanite and chloritoid. N||, 100X; cld-chloritoid;
s—sillimanite.
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