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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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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.

_\ Institutul Geologic al Romaniei



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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15 2 7
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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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