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Sommaire

Les gisements de pétrole et de gaz de Roumanie. Au cours des
122 années d’existence de I'industrie extractive de pétrole de Roumanie, ont y été découvertes
plus de 350 structures productives, chacune constituée souvent de plusieurs gisements.

Les accumulations de pétrole et de gaz sont disséminées dans toutes les unités structu-
rales majeures & dépdts sédimentaires. Ainsi, dans le domaine carpathique on connait des struc-
tures productives dans le flysch des Carpathes Orientales, dans 1’avant-fosse carpathique, dans
la dépression de Transylvanie et la dépression pannonique et, dans I'avant-pays de celui-ci,
dans la plate-forme moldave, dans le promontoire nord-dobrogéen, dans la dépression pré-do-
brogéenne et dans la plate-forme moesique. Dans toutes les unités mentionnées ily a des accu-
mulations de pétrole et de gaz, & I’exception de la dépression de Transylvanie qui est exclusi-
vement gazéifére.

Les hydrocarbures sont localisés dans des formations géologiques dont 1’4ge commence
par la partie supérieure altérée du soubassement métamorphique (Précambrien), continue en-
suite par le Dévonien, le Trias, le Dogger, le Malm-Crétacé inférieur, I’Albien, le Sénonien,
I’Eocéne, I’Oligucéne, le Burdigalien-Helvétien, le Tortonien, le Sarmatien, le Méotien, le Pon-
tien, le Dacien et s’acheve par le Levantin.

Les accumulations de pétrole et de gaz sont situées a4 des profondeurs qui varient de
80 4 4890 m, le gisement le plus profond étant placé dans le Dévonien de la plate-forme moe-
sique.

Les piéges trés variées ont été en général déterminées par les facteurs structuraux, stra~
tigraphiques, paléogéomorphiques et hydrogéologiques.

Les types de gisement et leur distribution s’expliquent par I’évolution géologique spé-
cifique & chaque unité structurale majeure & part.
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I. INTRODUCTION

122 years ago Romania was reported in international statistics
with 1977 barrels of oil, being the only country in the world with produc-
tion between 1857 —1858. It was also then that petroleum necessary for
the illumination of the city of Bucharest, which constituted the first
attempt of the kind in the world, was obtained, with the building of the
Rifov refinery near Ploiesti.

Since that time, the oil industry has been continuously developing,
maintaining Romania among the world’s first countries as regards the
volume of production up to the beginning of World War II. The prospec-
tion, exploration, drilling and production activity has intensified still
more, extending to almost all the areas of the country in the last 35 years.
The results of this activity are mirrored in the oil and gas level of pro-
duction and are recorded in several published papers, among which “Geo-
logy of Romanian Hydrocarbon Deposits’’ which appeared in 1975.

The selling out of the mentioned paper within a few days and the
subsequent requests, both in and abroad, underline the need for elabo-
rating and publishing such books more often, according to the volume of
new primary data and to the evolution of conceptions in the field of
petroleum geology.

During the four years that elapsed since the coming out of “Geology
of Romanian Hydrocarbon Deposits’®, several thousand kilometres pro-
file-shooting have been recorded, processed and interpreted, over 7
million metres have been drilled in this country, which is equivalent to
wbout 4,000 exploratory boreholes and development wells, and several
nil and gas fields have been discovered. These works provided new data
that, analysed and synthetized, completed the image on the geological
and formation conditions of the fields in most oil basins, such as the
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Moesian Platform, the North-Dobrogean Promontory and the Predobro-
gean Depression, the Transylvanian Depression and the Pannonian De-
pression. At the same time, the conceptions about the geological structure
of the Romanian territory as a whole developed. Besides, the works of
the World Petroleum Congress in Tokio (1975) and the subjects at the
10th Congress in Bucharest (1979) brought about some orientations of
the papers on prospection and exploration that took into account especially
the part played by temperature and the metamorphic basement in the
formation of hydrocarbon deporits. The results obtained allowed a series
of reconsiderations in point of hydrocarbon distribution, of future geolo-
gical units and of work methods. .

We may addto this some ‘‘suggestions’ made by the readers of the
book published in 1975 ; they derive mainly from the incomplete descrip-
tion of some oil basins. This is the case, first, of the Moesian Platform,
within which not each productive structure was dealt with separately,
a8 were the other units, only the representative accumulations being
described.

Under such circumstances, arose the necessity of elaborating the
present paper, which benefited by the information obtained up to 1 June
1978. In drawing it up we started, in the first place, from the published
syntheses and from the new primary data obtained in the last four years.
Articles with restricted subject matter, manuseripts and oral information

have been only little used.

Taking into account the vast and complex character of this paper,
its author has been faced with an immense, sometimes, anachronic and
contradictory bibliographic inventory. Only the elements which are useful
for attaining our end, that is, the presentation and the attempt to find
out the formation conditions of deposits, have been selected, enumeration
of or comment on diverging opinions being avoided.

One of the numerous such difficulties the author had to overcome
is the chronostratigraphic terminology, especially in the case of the Neo-
gene. Taking into consideration the debates as well as the progress recor-
ded in this field in recent years (M o t a § et al., 1976), although unmateria-
lized into a quasiunanimously accepted form as yet, the old terminology
has been adopted in this paper. It should be added that the cores of about
20,000 wells spread all over the country could not be totally reexamined
in the light of the new discussions and proposals. Along the same line and
for similar reasons the separation of the Buglovian as an independent
stage could not be given up in the case of the Transylvanian Depression
and the Moldavian Platform, the more so as the respective deposits make
up a geological-productive entity.

In dealing with the various structural units of interest for hydrocar-
bons, a larger space has been devoted to the new areas which are less
known in the relevant literature and, above all, to the Moesian Platform.
As compared to other geological — productive units, the Moesian Plat-
form, discovered and rendered completely profitable (as a petroleum basin)
after World War II, contains the greatest number of deposits, distributed
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on an enormous stratigraphic interval, beginning with the Devonian and
ending with the Upper Pliocene (the Dacian).

Hoping that the present paper represents a step forward as regards
the knowledge on the Romanian hydrocarbon deposits and that it mirrors
some of the strivings and achievements of those who dedicated themselves
to the oil prospecting, exploration and exploitation, and to geological
research in general, the author kindly thanks the Institute of Geology
and Geophysics that allowed its publication.

II. STRUCTURAL UNITS OF INTEREST FOR THE
ROMANIAN HYDROCARBON DEPOSITS

The most important component element in the geological structure
of the Romanian territory is the Carpathian Chain. Within it one may
distinguish, on geological and geographical criteria, the East Carpathians,
the South Carpathians, and the Apuseni Mountains. Outside the Carpa-
thian Chain lie the Moldavian Platform, North Dobrogea with the Predo-
brogean Depression and the Moegian Platform. Between the mountainous
arc of the East Carpathians and the South Carpathians, on the one hand,
and the Foreland units, on the other hand, lies the Carpathian Foredeep.
Behind this mountainous are, the three main branches of the Romanian
Carpathians enclose the Transylvanian Depression. Beyond the Apuseni
Mountains and the South Carpathians, in the west of the country, the
Pannonian Depression can be noticed (Plate I).

The East Qarpathiang develop between the northern boundary of
the country and the Dimbovita Valley. They include a central core con-
gisting of metamorphic rocks and Triassic and Jurassic sedimentary
deposits, that is the Orystalline-Mesozoic zone, bordered by the flysch
zone outwards (the Oretaceous and the Paleogene) and by the Transcar-
pathian zone inwards. The Crystalline—Mesozoic zone is made up of three
islands (compartments) : a northern one which can be followed from Mara-
mures to the Trotus Valley, a median one, corresponding to the Persani
Mountaing and a south-eastern one, partly identified with the Leaota
Mountains. The outer flysch (the Cretaceous and the Palengene) is to be
found along the East Carpathians and marks successive stages in the
latters’ formation, by its zones. The Transcarpathian unit, including also
the so-called ‘“Maramures Depression’” (Grigoras, 1961), consists
of Upper-Jurassic, Cretaceous, and Paleogene deposits partly showing
flysch characteristics. This unit lying between the Crystalline-Mesozoic
zone and the Oag-Gutii-Cidlimani volcanic chain extends on the territory
of the USSR and of the Hungarian People’s Republic. As far as the mag-
matites of the mentioned volcanic chain are concerned, they are repre-
sented in most cases by andesitic lavas and, subordinately, by rhyolites,
dacites and basalts.

Among the three units of the East Carpathians the Crystalline-
Mesozoic zone is not of prospect for hydrocarbonsg, while the flysch zones
provide favourable conditions for the formation and preservation of oil
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and gas fields, by the succession of deposits, the beds arrangement and
evolution of the region.

The South Carpathians are bounded by the Dimbovita Valley on
the east and by the Danube on the south-west. They consist of crystalline
schists and, here and there, Paleozoic non-metamorphosed or weakly
metamorphosed rocks as well as Mesozoic deposits. The crystalline for-
mations and the Paleozoic deposits are sometimes crossed by igneous
rocks, especially by granites and granodiorites. The South Carpathians
are characterized by a nappe structure. The autochthon, generally, consist
of epizone schits with granitic intrusions and sedimentary deposits that
rise up to the Upper Cretaceous on the stratigraphic scale. The formations
overlying the autochthon tectonically make up the Getic Nappe and consist
especially of crystalline schists that are overlain by Paleozoic and Mesozoic
deposits. The latter are sometimes pierced by banatites. The South Car-
pathians are not of interest for hydrocarbons.

The Apuseni Mountains lie north of the Mures Valley. They consists
of crystalline schists showing various metamorphic degrees and, locally,
of Paleozoic, Mesozoic and Tertiary deposits. The above formations con-
tain eruptions of various age, beginning with granites, Permian magmatites,
diabases (Jurassic-Lower Cretaceous), banatites (Upper Cretaceous-Paleo-
gene) and ending with various Neogene effusive rocks. The Apugeni Moun-
tains, too, are not of interest for petroleum and gas.

The Carpathian Foredeep is a depression filled with halogen, molasse
and coal deposits, outflanking the East Carpathians and the South Carpa-
thians and developing between the northern boundary of the country and
the Danube. This depression that appeared at the beginning of the Miocene
and extended afterwards, overlies a Carpathian basement in the inner
flank and a platform basement in the outer flank. Thus, crystalline schists
and Paleozoic formations belonging to the pre-Alpine regenerate basement
as well as Mesozoic and Paleogene deposits under geosyncline facies are
to be found in the epiorogenic flank, under the foredeep molasse (D u m i-
trescu, Sindulescu, 1968); the upper molasse overlies directly
the platform Mesozoic and Paleozoic formations in the outer flank.

Within the foredeep one can distinguish a lower molasse consisting
of Lower Miocene marine and lagoonal deposits, which is found in the
internal part of the zone and an upper molasse, which is subsequent to
the Tortonian movements and consists especially of brackish and lacus-
trine deposits, developing in the foredeep inner and outer flanks. As the
upper molasse extends much on the platform sunk edges, the boundary
between the foredeep and the foreland is conventionally situated along
the Pericarpathian fault; the latter is a tectonic aecident marking the
limit of the lower molasse thrust over the platform formations. In faect,
the platform basement extends also beyond this regional tectonic accident.

Being thus delimited, the Carpathian Foredeep was divided into
three subunits: the Miocene subzone, developing north of the Trotug;
the Mio-Pliocene zone, located between the Trotus and the Dimbovita ;
the Getic Depression, lying between the Dimbovita and the Danube.
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The whole territory of the Carpathian Foredeep is of particular
interest for hydrocarbons.

The geologists working in the Romanian petroleum industry use
also the term ‘‘the Precarpathian Depression” with the meaning given
it by Grigoras (1961). According to this author, the Precarpathian
Depression represents a premountain depression formed in front of the
Carpathian Crystalline-Mesozoic cores and consisting of the Cretaceous
flysch zone, the Paleogene flysch zone and the foredeep. Its formation
began at the end of the Carboniferous. The term ‘‘Precarpathian Depres-
gion’” is also used in the USSR and the Polish People’s Republic with
a different meaning.

The Transylvanian Depression, such as it is known today, formed
in the Miocene. Its sedimentary deposits overlie a basement consisting of
crystalline schists and Jurassie, Triassic, Lower Jurassic, Lower Creta-
ceous, Upper Cretaceous, Paleogene and Lower Miocene formations. The
Trangylvanian Depression is a unit propitious to the hydrocarbon
formation.

The Pannonian Depression develops only partially (the eastern side)
on the Romanian territory. It is as old as the Transylvanian Depression.
Its basement consists of the Apuseni Mountains and the South Carpathians
crystalline formations that are sunk and, locally, especially north of the
Mures, overlain by Permian-Triassic, Jurassic, Cretaceous-Paleogene and
Lower Miocene formations. This depression had also an evolution that
favoured the formation and preservation of petroleum and gas fields.

Beside the major structural intra-Oarpathian units, there are several
much smaller intramontan depressions that formed in the Tertiary,
containing deposits of variable thickness. Some of them are worth men-
tioning : Beiug, Mures, Caransebes, Hateg, Petrogani, Brezoi-Titesti,
Tara Birsei, Sf. Gheorghe, Ciucurilor ete.

The Moldavian Platform represents the prolongation of the East-
European Platform on the Romanian territory. It is made up of the meta-
morphosed Precambrian basement and of non-metamorphosed deposits
belonging to the Rifo-Cambrian-Ordovician, Silurian, Devonian, Carboni-
ferous, Jurassic, Cretaceous, Eocene and Neogene. In the western part
of thig unit the basement is represented by the greenschist formation.
During its evolution, the Moldavian Platform benefited, locally, by
moments favouring the formation and accumulation of hydrocarbons.

North Dobrogea and the Predobrogean Depression correspond to a
region showing a complex geological constitution, including what has al-
ready been defined as ‘‘the Orogen’ and ‘‘the North-Dobrogean Promon-
tory” ‘‘the Birlad Depression’’ and the Danube Delta. The axial zone of
this region consists of metamorphic formations, frequently outcropping
in North Dobrogea and sinks westwards, northwards and eastwards being
progressively overlain by Neogene, Cretaceous, Jurassic, Triassic, Paleozoic
and, probably, Precambrian deposits. North Dobrogea is an old geosyn-
gline whose evolution ended during the Kimmerian movements (Bleahu
et al., 1967), while the Predobrogean Depression represents a foredeep
that functioned as such during the terminal Triassic and the Jurassic. The
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Predobrogean Depression would correspond to ‘‘the Scythian Platform?
(Bogdanof et al., 1964). The North Dobrogean Orogen (North—
Dobrogea) and the Predobrogean Depression develop between the green-
schist zone, from which they are separated by the Peceneaga—Camena
fault, and the Moldavian Platform, conventionally delimited by a system
of faults succeeding along the line S Baciu—Giiceana—Glivinesti—
Birlad —Murgeni. This region is also of interest for petroleum and gas.

The Moesian Platform represents the structural unit which is deli-
mited by the Carpathian Foredeep, the Pre-Balkans and the North-
Dobrogean Orogen, belonging only partly to Romania. It is bounded by
the Peceneaga—Qamena fault to the north-east. The Moesian Platform,
like the Scythian Platform, extends eastwards under the Black Sea waters,
congtituting a section of the Romanian offshore. This platform consists
of metamorphic rocks and of an almost complete sequence of deposits,
beginning with the Cambrian and ending with the Quaternary. The res-
pective sedimentary deposits overlie a heterogeneous basement consisting
of crystalline schists, in the western part, and of the greenschist formation,
in the eastern part. The prospecting and exploration activities carried out
in the last 24 years showed the petroleum and gas potential in the area
between the Carpathian Foredeep and the Danube.

It follows from the above short presentation that the major structural
units of interest for petroleum and gas developing on the Romanian terri-
tory are: the East Carpathians, the Carpathian Foredeep, the Transyl-
vanian Depression, the Pannonian Depression, the Moldavian Platform,
the Scythian Platform, the North —Dobrogean Promontory and the Moesian
Platform. The stratigraphic constitution, the structural arrangement
of the sedimentary deposits, the geological evolution, the accumulation
formation conditions and the description of the deposits within each
mentioned structural unit will be dealt with in the following chapters.

II1. EVOLUTION OF THE GEOLOGICAL RESEARCHES
FOR HYDROQOARBONS IN ROMANIA

The year 1857 is considered the beginning of the petroleum extrac-
tive industry in Romania, as it is the year when the first oil production —
1977 barrels — was registered in the official statistics. The gas production
industry sprang up later on, in 1909, when the first gas field was discovered
with the well 2 Sirmisel, in Transylvania.

As a matter of fact, petroleum exploitation existed before 1857,
as mentioned in different historic documents. Thus, ‘‘Codex Bandinus”
records that in 1646 there were a lot of pits at Mosoare and Pécura from
which petroleum was extracted and used by the natives especially as a
medicine. Later, in “Descriptio Moldaviae”, Dimitrie Cantemir
reported the presence of hot springs with mineral resin on the Tazliul
Sérat banks. In 1837, count Demido v wrote that it was only at
Picureti that 225 t of petrolenm were extracted yearly at that time. In
1840 the first oil distillery was built at Lucacesti and four years later the
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second ‘‘oil pump” sprang up. If, apart from these precise reports, the
interpretation of the content of other charters is also considered, we come
to the conclusion that petrolenm exploitations by pits have existed on
the Romanian territory since the 16th, probably 15th century.

- The discovery of the oil deposits was made by freeholder peasants,
according to surface criteria, a8 petroleum springs, combustible gas lea-
kages, boilers, mud volcanoes or ‘picle’’, tar sands.

The achievement of the distilleries which produced illuminating
oil (lampant) and the lubricants, more and more required both in and abroad
stimulated the Romanian oil industry beginning with the year 1855. The
meeting of the ever growing needs led to the intensification of the activity
of “prospecting’’ and sinking by the feeholder peasants. Thus, the deposits
of Colibagi, Bdicoi, Matita, Apostolache, Sédrata-Monteoru, Lucdcesti,
Zemes-Tazldu, Solont, Tescani, Cimpeni, etc. were discovered and exploited
(Preda, 1957).

Concomitantly, new petroleum refineries were built at Tirgoviste,
Ploiesti, Monteoru, Buziu, Buhusi, Moinesti. Mention should be made of
the fact that the important discoveries made until then are the work of
the poor peasants, the first ‘‘prospectors’ of the oil deposits.

The existence of oil-field development in. Romania drew the attention
of the interested companies from abroad and, consequently, foreign spe-
cialists came to see them — Coquand (1867),Capellini, Fuchs
and Sarasin (1873), Tietze, Paul and Olzewski; they
handed over notes and papers briefly presenting the geology and the rich-
ness of the oil deposits of Romania.

Without neglecting the merits of the above-mentioned descriptive
notes it is worth mentioning the fact that almost all the synthesis papers
drawn up until now state that the scientific research period, the conception
activity regarding the hydrocarbon origin and the formation conditions
of the oil and gas fields in our country started as far back as Cob1il-
cescu’s activity. ,

Cobilcescu, an active field researcher, travelled all over the
flysch zone and the Carpathian Foredeep, starting from Moldavia up to
Transylvania, apart from the sector between the Dimbovita and the Olt
rivers. The results of his activity were presented on the occasion of the
reception at the Romanian Academy (1887) and they can be synthetized
as follows : petroleum comes from the hydrocarbons released from depth
during the volcanic eruptions ; the eruptions which gave rise to petroleum
in Moldavia took place in the Miocene and those in Muntenia and Oltenia,
in the Upper Pliocene ; Petroleum is found in the Oligocene, Saliferous and
Pliocene formations in Romania. The hydrocarbon-bearing formations
are folded and constitute anticlines, cleft by deep fissures; all the folds
of the petroliferous zones are parallel to the Carpathian crests ; petroleum
is hosted in the anticlinal axes where it is often accompanied by salt
massifs. Excepting the mineral hypothesis of the hydrocarbon origin,
today obsolete, Cobilcescu’s contribution to the foundation of the
petroleum deposits geology was of a great importance especially due to
the precision of his data on the distribution of the accumulations.
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After a short period of pause (1887 —1900) the investigations con-
cerning the petroleum deposits in Romania were methodically resumed and
extended about the date of the foundation of the Geological Institute due
to M razec. For 40 years, until 1930 .. .the geology of the Romanian
petroleum identified itself with this scientist... not only as concerns the
problems connected to the Romanian petroleum but also the geology of
this mineral...” (Pred a, 1957, p. 439). The complexity of the geological
setting of the regions of interest for hydrocarbons made Mrazec colla-
borate with famous researchers, such as Murgoci for Oltenia, T e s-
seyre and Botez for Muntenia, Atanasiu for Moldavia and
Vancea, Ciupagea for Transylvania (Stefénescu et al,
1977). The activity of Mraz ec and his collaborators developed in two
directions : the field researches having in view the clearing up of the
stratigraphy and tectonics of the zones and the synthesis papers including
the conception on the problems connected with the petrolenum geology,
both as regards the origin and the emplacement of the deposits. The
number of M r a z e ¢’s papers on the oil and accumulations in Romanisa, is
great enough. Among them it is worth mentioning the papers drawn up
on the occasion of the Petroleum International Congress held in 1907 and
the lectures on the petroleum deposits given in Sorbon (1921) and
Prague (1931).

As regards the petroleum and gas origin, Mrazec was the first
Romanian scientist who endorsed the organic theory. According to M r a-
z ec the hydrocarbon formation is due to a process of bituminization
of the organic matter which consists in its enrichment in carbon and hydro-
gen and oxyreduction. The rocks in which bituminization takes place are
clayey, siliceous or calcareous and constitute the mother rock. Therefore,
in Romania, it s M r a z e ¢ who established the generality of the bitumi-
nization phenomenon in nature.

Mrazec also studied the associated waters, that is the fluids
which accompany petroleum in deposits. According to him there is no
important and nondegraded hydrocarbon accumulation without minera-
lized waters. Consequently, there must exist a causality relation between
hydrocarbons and mineralized waters. The formation waters are ‘‘connate”
or ‘‘fossil”’ waters, trapped by the sinking of the ‘‘geosynclines” where the
sediments deposited. Analysing these fluids, M raz e c came to the con-
clusion that they always had a mineralization higher than the marine or
lagoonal waters. The bromine in the respective waters points to their
marine origin and the iodine, which is missing in the aquatic medium,
comes from the sea beings, it indicating the organic nature of petroleum.

Referring to the origin of the Romanian petroleum, Mrazec
considers that it was formed during the period of regression that followed
after the uplift of the Carpathian flysch and lasted from the Eocene till
the Miocene. According to the above-mentioned author, the Paleogene
flysch deposits located in the Eocene and Oligocene are primary, that is
they are to be found in the same formation with the source rocks. The
Lower Miocene accumulations have a similar situation because petroleum
has been generated by the saliferous formation. The hydrocarbons hosted
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in more recent reservoirs, that is of Sarmatian and Pliocene age, result,
by vertical migration, from the saliferous and Paleogene source rocks.

Mr azec’s most important contribution as concerns the petroleum
geology is the discovery, defining and explanation of the formation mecha-
nism of the diapir folds. Together with Teisse yre, he proved that the
salt massifs at Baicoi and Tintea and the rocks which accompany them
appear in the fractured, younger beds of the Pliocene. According to M r a-
z ec, the diapir folds or the piercing core folds consist of uplifts up to
the vertical of the salt beds. The formation of diapir folds is due to the
folding movements and took place after the deposition of the last pierced
formation, probably in the Lower post-Levantine.

By his activity, the results obtained and his conception, Mrazec
holds the first place among the Romanian geologists who contributed to
the development of the petroleum industry and founded a real school,
able to continue his ideas and results of his work.

Murgoci wasoneofMr azec’s valuable collaborators. Although
a supporter of the inorganic origin of petroleum, he had a great contribu-
tion in the drawing up of the synthesis papers referring to Oltenia. Almost
half a century later in Oltenia the researches were resumed and intensified
and led to favourable economic results and to the confirmation of
Murgoci’s ideas concerning the structure.

After Mrazec, the Romanian geology was dominated by Prof.
Macoveli, also a supporter of the organic origin of petroleum. As a
matter of fact, beginning with M r a z e ¢ the debates on the hydrocarbon
origin existed no longer because almost all the geologists who worked in
Romania assimilated this hypothesis.

Concerning the petroleum origin in the Carpathians, Macovei
came to the conclusion that the Oligocene dysodile schists constitute the
main source-rock. The Cretaceous black shales also present characters of
gource-rocks ; however, the lack of reservoirs, of preservation beds as well
a8 of favourable structural conditions did not make possible theformation
of accumulations which could be worked out on the basis of these schists.
Macovei also defined the characteristics of the petroleum source-
rocks and classified them according to the lithofacies.

Unlike Mrazec, Macovei considered that the formation
waters do not represent the fossil fluids of the former sedimentary basins
but the formation water from the planktonie organisms which provided the
primary organic matter necessary for the bituminization process. It was
released by the organic matter decomposition.

Macoveli, a good conoisseur of the Romanian deposits, contri-
buted to the completion of the second editionof Engler andHoefer's
petroleum monography. At the International Congress on Petroleum held
in Paris, Macovei presented a study on ‘“The Present State of the
Romanian Petroliferous Fields’’ (1937); a year later (1938) he published
the book ‘‘The Petroleum Deposits’® on the petroleum origin, the formation
conditions of the deposits, the accumulation, distribution, ete.

I. Atanasiu was another well-known researcher in the domain
of the hydrocarbon deposits. He pointed out, for the first time, the problem
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of the mother rocks, older than the Cretaceous ones, considering the Lias
schists of the Banat as possible source-rocks and presuming the existence
of bituminous schists in the Ordovician of the Moldavian Platform (Nis-
laveea schists). Atanasiu also insisted on the extension of the pros-
pecting work for petroleum beyond the Qarpathian Domain, eastwards,
in the northern part of the Moldavian Platform where the existence of
petroleum is probable. It is also worth mentioning the study of the geolo-
gical structure of the regions of interest in Muntenia where the diapirism
is considered important in the formation of the hydrocarbon accumulations.
Referring to the Transylvanian Depression, A tanasiu considered that
here the gases from the known deposits could have been filtered from
petroleum deposits generated by the Oligocene bituminous schists (Ileanda
Mare beds).

Firgt time supporter of the deep origin and then acceptingM r a2 z e ¢’s
idea that the bituminization phenomenon is general in sediments of any
age, under certain conditions of salinity, Popescu-Voitestipointed
out that all the Neogene petroliferous deposits in Romania, the Dacian
inclusively, include ‘source-rocks. ‘Another hypothesis formulated by
Popescu-Voitesgti, somehow in connection with the idea of the
hydrocarbon deep origin, states that the Romanian petroleum is the
result of the transformation, under the influence of pressure and tempe-
rature, of the organic matter included in the formations deposited in the
geosynclinal areas. Although the above-mentioned hypothesis was criti-
cized at that time (Preda, 1957), the latest researches carried out
abroad (Klemme, 1972; Connan, 1974, etc.) and in our country
(Paraschiv, 1977) have pointed out that temperature is an essential
factor in the genesis, migration, accumulation and preservation of hydro-
carbons. An important place in Popescu-Voitegtis activity was
held by the problems connected to the saliferous formations and, impli-
citly, those of the hydrocarbon deposits.

Preda was another famous petroleum geologist of our country.
He was positively in favour of the petroleum autochthony in all the for-
mations in which it occurred on condition that their deposition should have
taken place in a saline medium. P r e d a was also supporter of the research
for hydrocarbons of the territories belonging to the Romanian Carpa-
thian Foreland.

Important contributions to the development of the science of the
hydrocarbon genesis and formation of the deposits were also brought by
Grozescu, Stefdinescu, Murgeanu, Filipescu, On-
cescu, Bincild, Gavit, Vancea, Grigoras, Ciupa-
gea, etc. o

Among the foreign geologists, K raus (1923) mooted the question
of the petroleum autochthony in the Dacian and the Meotian, a question
supported by Hlauschek (1950) later on. He ascertained that the
Dacian deposits contain naphtenic petroleum whilst the Meotian, Sarma-
tian and Helvetian deposits have paraffin petroleum. It results that the
respective petroleums come from different sources. Hlauschek’s
statement corresponds to the results of the researches carried out in
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USSR, USA, Austria, etc. where it has been ascertained that the naph-
tenic hydrocarbons prevail in recent formations with smaller depths,
and as the depth increases, that is in older formations, the paraffin hydro-
carbons predominate.

The petroleum origin, the deposit formation, questions on the
tectonics of the flysch zone, on the palaeontology of the Pliocene deposits,
etc. were also dealt with competence in the various papers of Krejci-
Graf (1929, 1936) and R en z.

The before mentioned aspects constitute a synthesis of the evolution
of the main ideas, belonging to the most famous representatives of the
Romanian geology, concerning the hydrocarbon origin and the formation
conditions of the deposits.

Referring to the stage of thinking at the level of the years 1948 —1949,
we could mention the following main ideas: the petrolenm organic
theory, supported by Mrazec, was imposed and accepted without
reservation by all Romanian geologists; as regards the mother rocks, it
is unanimously accepted that the Oligocene dysodile schists, the Creta-
ceous black shales and even the Aquitanian-Burdigalian bituminous schists
are included in this category of rocks ; the notion of source-rock could be
extended to a larger.number of formations, such as the Ordovician schists,
the Lias bituminous schists, the Eocene clays, the Miocene, even Pliocene
pelites ; the anticlinal conception on traps dominated and became almost
exclugive ; the formation mode of the folded structures, especially of the
diapir ones, as presented and explained by Mrazeec, was imposed
practically without reservation ; the perspective surfaces for hydrocarbons
were limited to the flysch zone, the Miocene and Mio-Pliocene zone of the
foredeep, as well as to the Transylvanian Depression ; there were sugges-
tions to surpass the boundaries of the Carpathian Foredeep, geophysical

prospectings and drillings being carried out in the foreland units with
that end in view.

The nationalization of the petroleum industry in Romania consti-
tuted an important moment as concerns the evolution, orientation, orga-
nization and intensification of the geological activity for petroleum
and gases.

The largest profit of the nationalization was the concentration of the
whole industry in a single organization. It gave the possibility of a com-
plete documentation and the forma,tlon of a general unitary view on
the activity.

In the first years after the nationalization some studies and reports
were drawn up in order to inventory the main geological formations of
prospect and the directions of the future activity. Conditions for intensify-
ing and diversifying the geological and geophysical works, both in the
field and in laboratories, were created, while the proper equipment was
provided. The main scientific results of this activity will be further
synthetized.

As regards the petroleum origin, no specific studies have been made,
the organic nature being taken into account.
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Considering the widening of the field of activity in all the geological
units of the Carpathian Orogen and the Carpathian Foredeep, the necessity
of a permanent concern with the criteria of diagnosing the hydrocarbon
source rocks was felt, with a view to identifying such formations. At the
same time, the investigation of the geological conditions and evolution of
the oil basins was achieved. Numerous studies made during about 20 years
byAnton (1973),V. Cerch ez (1967) showed that, using the geoche-
mical, petrographic, biostratigraphic indices, the Moesian Platform Middle
Triassic, Dogger, Albian, Tortonian-Sarmatian and Pliocene deposits,
the East Carpathian Cretaceous black shale deposits, the Eocene clayey
deposits, the Oligocene dysodile schists, the Miocene schists and clays,
the Carpathian Foredeep Meotian, Pontian and Dacian pelites, the Pan-
nonian Depression Miocene and Pliocene pelites etc. can be considered
as possibly hydrocarbon source formations. The Carboniferous pelites,
the Devonian limestones and dolomites, the Silurian and Ordovician
graptolite schists ete. might be also source formations as they show
petrographic, chemical-physical and biostratigraphic indications favour-
ing such opinions, but they have not been analysed so far. It is noteworthy
that geochemical, petrographic, biostratigraphic, ecological criteria
have been taken into account by the recent studies in diagnosing the
source rocks. The identification of a large number of hydrocarbon source
formations confirms the hypotheses put forward by Mrazec and .
supported by Popescu-Voitegti, Preda and others concerning
the generalization of bituminijzation, implying the presence of the source
rocks in all the deposits formed ‘“‘since there have existed sedimentation
and life on earth” (Preda, 1957, p. 440). These conclusions agree with
the results obtained in other countries (Hedberg, 1967), constituting
a strong argument in favour of the autochthonous nature of the deposits.

The investigations achieved abroad (Klemme, 1972; Tissot
et al, 1975; Vasoieviei et al, 1969 etc.) and in Romania
(Negoitéd, 1970; Cristian et al, 1971; Paraschiv, 1977)
underlined the particular part played by temperature in the hydro-
carbon genesis, migration, accumulation and preservation. At present
the temperature factor is considered as important as the source rock
or the reservoir rock in the formation of the oil and gas fields. The
new conclusions, determining certain orientations of the prospecting and
exploration activity, made necessary geothermal studies throughout
the Romanian territory (Paraschiv, Oristian, 1978) as wel
as the use of several criteria for establishing the thermic effect upon the
organic substance during the evolution of the geological formations of
interest. Thus, several biostratigraphic studies attempted to determine
the degree of metamorphism of the vegetal organic substance (Baltes,
1975, 1976 ete.).

The most important efforts in the last 30 years aimed at investi-
gating and identifying some new types of traps, taking into account the
fact that the stratigraphic and structural problems diversified and became
more complicated as the prospecting and exploration works extended
beyond the Mio-Pliocene zone with diapir folds.
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In connection with the diapir fold zone, it is noteworthy that the
activity carried out in Romania after the publication of the works drawn
up by Mrazec, Macovel, PopescuVoitegti, F1. Ol-
teanu (1951), Gr. Popescu (1951) ete. accumulated numerous
data that, together with the older ones, had to bere-examined in the light
of the knowledge on the diapirism (Trusheim, 1960; Halbouty,
1967). Gh. Olteanu’s (1965) concerns and the symposium on this
subject in 1973 (Paraschiv et al, 1973; Pidtrut et al, 1973;
Dicea, Popescu, 1973 etc.) constitute such an attempt. The re-exa-
mination of this problem confirmed, once more, the exactness of the
conclusions reached by Mrazec 50—60 years ago. Other remarks
may be also mentioned. In the first place, the diapir folds formed on either
flanks of the foredeep, on the internal one, with Carpathian basement,
and on the external one, with platform basement. Considering this dis-
tribution, one can infer that the primer of salt removal was not only
constituted by the folding movements but also by the disjunctive tectonics.
Nevertheless the folding movements played an important part in the
evolution of these diapirs.

The salt dynamics was determined by and took place simulta-
neously with the thickening of the sedimentary cover and, therefore, with
the pressure and temperature increase. Against a background of more
or less continual movements, two moments of increased intensity can be
distinguished : one, corresponding to the Attian phase, the other, corres-
ponding to the Wallachian diastrophism. Where the deposit cover was too
thick, compact and devoid of important tectonic accidents (especially
in the zone with platform basement), the salt could not cross the more
recent deposits, remaining sealed in various traps.

On the occasion of some geological mappings in the north-eastern
part of the Transylvanian Depression, Pdtrut (1958) noticed an
important structural unconformity between the post-Helvetian and the
pre-Tortonian deposits. The subsequent seismic prospections and wells
proved that the post-Helvetian deposits have a specific tectonics which
is of domal type or, on the east and west sides, of diapir type and was
generated by the Tortonian salt movement. The halokinetical structure
of the post-Helvetian deposits is quite different from that of the older
deposits.

A few seismic profiles achieved in 1974 on the Prahova and Provifa
valleys as well as some previous data suggest, at least in the internal
half of the Mio-Pliocene subzone with Carpathian basement, the existence
of an important structural unconformity. In this area the diapir anticlines
overlie, at least, partially, some Paleogene synclines and the other way
round. This observation, that should be checked, reveals a situation
which is similar to that in the Transylvanian Depression or in Germany
(Trusheim, 1960), differing from the latter by the fact that, as a
result of the Burdigalian age of the Subcarpathian lower salt formation,
the unconformity must be placed at the Miocene/Pliocene boundary.
Another difference would consist in the fact that in the Mio-Plioeene
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subzone the initiating of the salt movement was constituted by the folding
movements, which implies the existence of a halotectonics, while the
Transylvanian salt movement is especially due to the energy of the paleo-
relief covered by halites. and to the geostatic pressure, which indicates
that the phenomenon is of halokinetic nature.

Referring also to the folded structures one should mention the
observation occasioned by the ultra deep investigations of the sedimen-
tary deposits, either by geophysical means or by drillings, namely the
vertical structure migration that was noticed in the Neogene zone
outside the Carpathians and, especially, in the Transylvanian Depression.
In the latter unit such migrations are found in the Tortonian, Buglovian
and Sarmatian having taken place during several stages. The phenomenon
was explained (Ciupagea etal, 1970) by the existence of some intra-
formational gaps or by differential compactings; but this unconformity
might be also due to the salt movement (the cryptodiapirism) varying
in intensity at different times during its evolution in several sectors of
the structure.

Speaking about the Carpathians one should mention also the int n-
sification of the flysch zone exploration, the well data confirming the
latter’s nappe and scale structure. The most important nappe is repre-
sented by the median-marginal unit (Bincil#, 1958) whose breadth
(the distance from its front to its root) may reach 35 km. The median-mar-
ginal unit covers and protects almost completely the external unit within
which occurred the most favourable conditions for hydrocarbon genesis
and accumulation. This parautochthon (the external unit), in its turn,
consists of folds and scales, very complicated oil bearing structural
elements. :
Undertaking and intensifying the survey of the Carpathian Foreland
units, the anticlinal conception on the structures of interest for hydro-
carbons, which had been the only one up to that time, began to lose its
authority. Gradually, the idea of faulted monoclines gained ground. But
as the investigated depth increased, several superimposed tectonic stages
were found, so that the same vertical drillings crossed faulted monoclines
as well as structures of domal type. Some of the latter structures represent
morphostructures or shrinkage pseudostructures. Such cases are quite
frequent in the Moesian Platform and in the Pannonian Depression. The
folded structures overlie the monoclinal ones in the sectors where the Car-
pathian Foredeep deposits (including the Getic Depression) overthrust
the foreland units.

The improvement of the geophysical investigation methods and the
great number of wells allowed the identification of some old, buried
reliefs that controlled the hydrocarbon distribution. These reliefs offer
the whole range of paleogeomorphic traps (M artin, 1966) found in the
Moesian Platform, the North —Dobrogean Promontory, the Carpathian
Foredeep (the Getic Depression inclusively), and in the Pannonian Depres-
sion. Apart from other cases, the metamorphosed basement .altered
surface with reservoir properties in the Pannonian !Depression, the
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Transylvanian Depression and, probably, the North-Dobrogean Promén- L) 4
tory, as well as the altered zones associated with karst in the Moesi"a,m sg,lu‘,p
Platform Lower Cretaceous belong to this category. The facies variations e
existing in almost all the potential formations, influencing the rock reser-
voir properties and the hydrocarbon distribution have constituted difficult
problems in the prospecting and exploration activities carried out in
recent years. This is due to the fact that the lithological traps, to which
the secondary dolomitization zones belong, and the reefal deposits can
only be determined by very expensive wells at present.

The geological complexity of our country offers numerous examples
of traps formed by the contribution of the structural, stratigraphic,
paleogeomorphic, hydrogeological and other factors. Consequently, as the
knowledge increases, the Romanian geology has to examine the ‘‘obscure
and subtle” (Leversen, 1966) and mixed traps existing in all the
explored formations and units.

One could infer from the above statements that the main concerns
have concentrated on the trap determination and study in recent years,
as the existence of the hydrocarbons was proved in all the Romanian
sedimentary basins. But the trap study alone was not found to be sufficient
for the discovery of new deposits, even in the proved petroliferous regions,
while the distribution of the hydrocarbon accumulations does not always
take into account the structural background such as it appears today.
As a result, a new concept on the deposit formation arose. It implies the
study of the accumulation conditions as well as an analysis of the possi-
bilities of destruction by migration, of some secondary deposit formation
during the following movements (G a v &4 t, 1964). Thus, it was necessary
" to draw up complex studies including chapters devoted to the basin paleo-
geography with a view to identifying the best accumulation zones in the
most important moments of their evolution. Such works, dealing with
formations or the whole sedimentary, have been periodically brought
up to date as the knowledge increases. .

The evolution of the geological conceptions on the origin and for-
mation conditions of the hydrocarbon deposits, as presented above, would
not have been possible without the technical progress recorded in the pros-
pecting and exploration methods, which represent the necessary instru-
ments for checking these conceptions. Therefore, a short review of the
mentioned methods is imperative.

The prospection methods have been gradually used in Romania, as
the necessary apparatus was available and according to the technical and
technological improvements. When the number of such methods increased,
they were used according to the knowledge and the specific character of
each region, that is, according to the geological knowledge and acces con-
ditions. After the World War II all the known methods were used in the
Romanian geological activity in a rational order and, as a rule, they
were mixed methods; nevertheless, some of them, such as the seismic
prospection, prevailed.
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The geological mapping was successfully applied in the Carpathian
sedimentary formation zones, in the Transylvanian Depression, on the
western part of the Pannonian Depression, in Maramures, in the foredeep
and wherever outcrop sedimentary formations previous to the Quaternary.
Several maps, on different scales, including six plates on a scale of 1 : 500,000
appeared at the Geological Institute before 1944. The other six plates
were edited after the foundation of the Geological Committee, when the
systematic printing of the country’s atlas began. The intensification of
the research works after the nationalization called for a detailed mapping
of the whole pre- Quaternary sedimentary, according to an unitarian geolo-
gical conception. This enterprise started in 1951 and lasted for over 10
years, gradually covering all the zones containing Tertiary and Mesozoic
deposits. The respective works took into account all the previous studies -
and allowed the drawing up of the maps on ascaleof 1 : 20,000 and 1: 25,000
and, on this basis, the synthesis on a scale of 1:100,000 and 1: 500,000.
Most of the possibly petroliferous structures in the flysch zone, in the
Maramures Depression, in the Transylvanian Depression and, partially,
in the foredeep were identified by mapping. At the same time, the geological
maps were useful for determining the hydrocarbon possibilities and for
scheduling the geophysical prospection and exploration works. The maps
were checked, corrected and completed with new data according to the
progress of the other methods and criteria, beginning with the paleonto-
logy and ending with the deep wells.

In the last 20 years geomorphological prospections for hydrocarbons
have been carried out in Romania. They proved efficient enough, even
in the zones covered by recent piedmont deposits (Paraschiv, 1963),
contributing to the identification of some oil deposits in the Getic
Depression.

The contribution of the surface observations diminished as the inves-
tigated depth increased and the works in the zones containing Quaternary
deposits intensified. The tasks of the surface observations were replaced
by the core drills.

Since 1905 the gravimetric works have covered the whole Romanian
territory reaching a density of 1—4 stations/km? (Jteféinescu et al,
1977). Initially they were performed by E 6 t v 6 s who used the torsional
balance in the Pannonian Depression and Transylvania ; then they were
operated in the hilly zone of Muntenia and in Oltenia under I. Ga v i t’s
control. The gravimetric measurement performed by the torsional balance
proved satisfactory in the survey of the Pliocene formations and the
diapir anticlines. After 1936 the torsional balance was replaced by static
gravimeters of the Thyssen, Truman, Carter, Graf-Askania, Sterneck-
Askania, Orden ete. types. Maps of the Bouguer and residual anomalies
were drawn up on the basis of the gravimetric measurements ; they contri-
buted to the deciphering of the major geological structures, to the delimi-
tation of the big structural units and to the identification of some important
uplifts. They also served to the schedule of the following works, such as
the seismic profile network and even the wild cat wells.
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Using the detailed gravimetric measurements,some interesting results
were obtained ; they are connected with the direct determination of the
water-gas boundary in several deposits located in the Transylvanian
Depression (T dnédsescu, 1971).

The magnetometric prospections were performed throughout the
country reaching also the density of 1—4 stations/km?2. Such works were
introduced in Romania in 1872 (Stefdnescu et al, 1977). They
were also applied to the hydrocarbon field in the Banat, Oltenia, Muntenia
and Moldavia and were first performed by the vertical magnetic vario-
meters in stations situated at distances of 0.5—2.5 km from one another
(Stefdinescu, 1957). The vertical component variation map, drawn
on the basis of the measurements performed, served, as did the gravimetry,
to the deciphering of the major structures of the country and even to
the identification of some tectonic alignments of interest for oil and gas.

The electrometry was performed, in a semidetailed network, on
about 509, of the country’s area of prospect. This method was introduced
by the former petroleum companies and was performed by the Schlum-
berger firm for deciphering the structural conditions of the Pliocene
deposits in Muntenia and Oltenia. Both before and after the war, when
the electromagnetic prospections extended to the Moesian Platform, Tran-
sylvania and the Banat, the VES (vertical electrical soundings) device was
used. The investigated depth reached 1,000 m, while the interpretation of
the data benefited by the resistivity measurments performed on the cores
(samples) or by the well log. The best results were obtained in the Mio-
Pliocene zone, where the Pontian deposits, showing low resistivities,
allowed the mapping of some structural elements as minimum zones. The
electrometry was also efficient in the Transylvanian Depression. The salt
formation existing here constituted a strongly resistive key horizon which
could be easily examined by the crossed transmitter and telluric current
method. As the electrometric anomalies generally corresponded to the
irregular salt accumulations, they were surveyed afterwards by the seismic
method, thus identifying or revaluating important domal structures.

The seismometry was the main and most efficient geophysical method
used in Romania ; it covered 909, of the country’s area of prospect for
hydrocarbons reaching a density of 0.1—1.8 km profile/km?.

The seismic prospection was applied by the former petroleum com-
panies, first, as refraction seismics, in the zone of the salt domes. Later on
it extended and was almost completely replaced by the reflexion seismics
(1935). Before 1944 the discrete seismic recording was almost exclusively
used in a few sectors in Muntenia, Oltenia, Moldavia. After the nationa-
lization, the seismic activity greatly developed both quantitatively and
technologically. The reflexion seismics with continuous profiling prevailed.
When required by the geological and morphological coditions, the con-
tinuous profiling works were mixed, completed or replaced by the simple
discrete recording or by the three dimensional discreet recording. Sometimes
the reflexion seismic profiles were accompanied by refraction works that
determined the thickness of the sedimentary deposits or the main litho-
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logical contrasts, generally, corresponding to the limits of some lithofacial
cycles.

g Between 1948 —1960 the research was achieved by the oscillographic
seismic stations, while the field technology consisted of single stations
or single sounders. In the following 10 years (1961 —1970) the works were
achieved especially by analogical seismic stations and a more advanced
technology was used, namely multiple source stations and multiple recei-
vers. Finally the digital recording and processing of data have been used
since 1970. At the same time the field technology improved by the use
of the C.D.P. faulting. The technical and technological improvement
led to the resuming of the prospections in certain zones and to the repe-
tition of numerous profiles which provided additional and better in-
formation.

Although the country’s area of prospect was covered by seismic
prospections in proportion of 909%, the geological problems in the sur-
veyed zones have not been completely elucidated. This is the case of the
structure of the Lower Miocene and Paleogene formations in the Getic
Depression, of the Lower Miocene and Paleogene deposits in the Mio-Plio-
cene subzone, of the pre-Neogene in the Transylvanian Depression and the
Scythian Platform, of the Moesian Platform Triassic and Paleozoie. The
mentioned formations lie at a great depth in the zones showing a compli-
cated tectonics and a difficult access.

The Romanian territory was also partially covered by radiometric
and geochemical works that did not furnish satisfactory results for the
end in view (the petroleum research).

The range of prospecting methods included also the core drill that
proved useful enough in the Com#nesti Basin, in the Carpathian Foredeep,
in. the Transylvanian Depression, the Pannonian Depression, the Moesian
Platform, the Scythian Platform and the Moldavian Platform. The core
drills contributed to the solving of some stratigraphic and structural pro-
blems and even to the discovery of some oil and gas fields.

Referring again to the geophysical field, namely to the logging
investigation, it is worth mentioning the fact that the electric log was
introduced in 1930 and was used in the well investigation (Stefdnescu,
1975). This device represents a particular form of electric prospection which
was adapted to the bore hole conditions in order to allow the identification
of the strata crossed by drillings, on the basis of electrical parameters.
The rapidity, accuracy and low cost of the electric log determined its
spreading and generalization in all the fields. After 1950, as the apparatus
and technology improved, new electrical methods were used, beginning
with BKZ, the DRR Romanian variant, inclusively, and ending with
the inductive log. At the same time radioactive and geochemical methods
for investigating the bore holes were introduced and generalized. Since
the geophysical and geochemical methods replaced the core samples to a
great extent, it was necessary to organize the processing and the quali-
tative and quantitative interpretation of the geophysical information.
Efforts are being made today for solving such problems by computers.
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New concerns connected with the subsurface geology (Stefinescu
et al., 1977), materialized by some stratigraphic key correlations, structural
interpretations and geological sections, occurred about 1924. As the elec-
tric logging and, sometimes, the core samples are not available, conven-
tional and lithological keys are used in drawing up such interpretations,
according to the indications of the drillers. The first maps with isobaths
and sections accompanying a study on the Bustenari oilfield (Filipescu,
1925) were reported between 1921 —1925. Such proceedings are still used
especially by the State control inspectorates for the main deposits at
Gura Ocnitei, Moreni, Biicoi etc. (Stefédnescu et al, 1977). The
structural schemes and the geological sections for the realization of which
geophysical keys had been also included, generalized and became an usual
obligation, being utilized for the projection of new wells and in the explo-
ration activity.

The examination of the physical-geological conditions of the Roma-
nian deposits constitutes another side of activity to which the Romanian
specialists devoted. Thus, in 1912, I. T&n #&sescu performed tempera-
ture measurements in wells in order to study the geothermal conditions in
connection with the formation seating and the oil presence in the deposits.
Not long afterwards (1924) Gav#d t began the study on the physical
deposit conditions with a view to estimating the reservoirs. Later on some
instruments for investigating the producing wells were reported (G a v & t,
1928). Such concerns greatly developed to the periodical organized survey
of the wells, namely the measurements of pressure, temperature, the oil
and gas analyses both under surface and bottom conditions, the water
analyses. The processing and interpretation of the respective data with
a view to guiding the rational exploration of the deposits and increasing the
petroleum recovery final factor constituted a main object after the World
War I1.

Coming back to the immense and varied geological and geophysical
prospection activity, it is worth mentioning the fact that it was not an
end in itself but aimed at preparing certain areas and units for a more
difficult and more expensive exploration, namely for drilling.

The pits made by the autochthonous peasants constituted the be-
ginning of the Romanian drilling activity. The latter developed further
according to the progress recorded in the field of installation building and
technology as well as according to the economical results obtained and the
interests of the extraction organisms. At the same time the technological
improvements enabled a much more rapid well drilling, the reaching of
ever greater depths and, as a rule, the decrease of the price of these
works.

In 1862, after a long period during which the pits had been used in
Romania, the well drilling was introduced ; the first works of this kind
were achieved at Mosoare (Constantinescu, Prodrom, 1957).
Up to 1928, when the rotatory drilling was introduced, the wells had been
drilled according to various devices, the most frequent of which was the
Canadian system, then the Pennsylvanian system and, later, the hydraulic
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system. The revolutionizing of the drilling activity took place about 1930
when the electric log was introduced. But an intensification of this acti-
vity was recorded after the nationalization of petroleum industry. The
following table shows the considerable increase of the investigated areas.

TABLE 1
Total Drilling Exploitation Investigation

Wewr (thousand m) :

(thousand m) % | (thousand m) %
1918 85 80 94 5 6
1936 395 371 94 24 6
1941 253 227 88 26 12
1950 - 657 367 56 290 44
1955 870 365 42 505 . 58
1968 1,654 497 31 1,157 69
1977 1,833 1,016 55 817 45

The development of this activity could be achieved, first, by resuming
and intensifying the works in the already known petroleum areas, after
which the exploration extended rapidly enough throughout the Carpa-
thian Foredeep and the Moldavian flysch zone as well as throughout the
Transylvanian Depression. It was also in the years immediately following
the nationalization that the research by deep wells started on other major
structural units, too, first of all in the Getic Depression, then in the Moegian
Platform, the Transcarpathian zone (Maramures), the Moldavian Platform,
the North-Dobrogean Promontory and the Predobrogean Depression, the
Danube Delta and the Pannonian Depression, inclusively.

The intensification of the petroleum activity was more evident and
earlier than the gas activity which has intensified since 1959 (Fig. 1). The
growth of the drilling volume for gas was determined by both the execution
of a large number of wells in the Transylvanian Depression and, especially,
by the research development outside the Carpathians, namely in the
Moldavian Platform, the Moesian Platform, the Getic Depression and, to
a certain extent, in the Mio-Pliocene subzone.

The development of the research drilling has been characterized by
the execution of about 20,000 stratigraphic and exploration wells tota-
lizing about 24,000,000 m in the last 35 years. These wells and those
carried out before 1944 allowed a good knowledge of all the areas of pros-
pect for hydrocarbons reaching the depth of 3,200—3,500 m. The investi-
gation of the sedimentary deposits below 3,500—4,000 m was, therefore,
imperative. In the last 10 years speeial programmes have been drawn up
with a view to examining systematically the respective formations. More
than 100 stratigraphic and exploration wells exceeding the depth of 4,000 m
finished the drilling by the end of 1978. The maximum depth in Romania
is of 6,503 m and was reached at the Ciuboti well, but the future programme
stipulates the drilling of some wells reaching 8,000 and 10,000 m.
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The complex of geological, geophysical and drilling works carried
out in the course of 122 years provided extremely rich information allowing
the achievement of exceptional progress in the knowledge on the strati-
graphy, the setting of the beds and the geological evolution of the Romanian
territory, as will be noticed in the next chapters. At the same time hydro-
carbon deposits were found on all the major structural units containing
sedimentary deposits. Thus, after the discovery of petroleum in the flysch
zone and in the Miocene and Mio-Pliocene subzones, the first Transylvanian

Fig. 1. —Evolution of the research
drilling within the period 1944 —
1978. On the ordinate, the dril-
ling volume in thousands m; 1,
research metric length for gases;
2, research metric length for
oil ; 3, research metric length total
(oi! 4 gases).

ITPTFTTIPTTT]T
1944 1350 yea/_ 1860 1970 1975

Drithing volvme in thusands of metres

gas deposit was found by well no. 2 Sirmésel in 1909. Much later, in 1950,
the first producing well in the Getic Depression yielded oil at Suta Seacé.
Petroleum was found in Maramures (the Transcarpathian flysch zone)
about the same time. Six years later (1956) the first oil deposit in the
Moesian Platform was identified in the Ciuregti area. The first petroleum
accumulation in the North —Dobrogean Promontory was found at Indepen-
denta in 1958. Between 1961 —1963 the first industrial gas productions
in the Moldavian Platform were reported at Roman-Secueni and in the
Birlad Depression (the Scythian Platform), at Adjud. The Teremia deposit
in the Pannonian Depression was discovered in 1963.

Since the beginning of the Romanian petroleum industry approxima-
tely 350 petroleum and gas productive structures have been identified.
Most of them comprise several hydrodynamic units consisting of tectonic
blocks, independent productive lenses or horizons. Before 1941 only 30
petroleum and gas structures had been discovered ; 16 of them lay in the
Prahova District, 3 in the Dimbovita District, 3 in the Bacdu District and 8
in the Transylvanian Depression.

The Pliocene formations and their terms (Levantine, Dacian, Pon-
tian, Meotian), the Sarmatian, the Helvetian and the Oligocene formations
proved productive before the World War II. After 1944 the list of produe-
tive hydrocarbon formations was completed with the Tortonian in Tran-
sylvania, the Moesian Platform, the Predobrogean Depression, the Molda-
vian Platform, and, possibly, the Neogene zone and the Pannonian Depres-
sion; the Burdigalian in the Neogene zone; the Eocene in the Hast



28 D. PARASCHIV

Carpathians and, possibly, the Getic Depression ; the Upper Cretaceous,
Albian, Neocomian, Dogger, Triassic and Devonian in the Moesian Plat-
form (possibly, the Cretaceous in the Pannonian Depresgion, too); the
altered upper part of the metamorphosed basement in. the Pannonian
Depression and Transylvania. All the formations and major structural
units contain both petroleum and gas with the exception of the Transyl-
vanian Depression which is exclusively gas-bearing.

The investigations carried out on larger areas and at greater depths
led to the discovery of some deposits at ever greater depths. The maximum
depth was reached in the Bibesgti Devonian (NW Craiova) containing oil
that proved productive at the depth of 4,890 m.

The deposits discovered and their revaluation allowed the extraction
development, from about 280 t oil in 1857 to about 15.0 million t oil in
1977 and from 0.5 billions m? gas in 1944 to over 27 billions m? gas in 1977.
Two stages can be distinguished in the evolution of the oil production.
One stage began in 1857 when the production was 280 t/year and reached
2 climax in 1936 when about 8.8 million t were extracted ; the other stage
corresponds to the period after the World War II. The levels of production
attained in the latter stage constitute the concrete, numerical expression
of the geological and geophysical research contribution to the development
of the Romanian petroleum industry.

IV. EAST CARPATHIAN FLYSCH AND THE CARPATHIAN
FOREDEEP

Ashasbeen mentioned, within the Bast Carpathians, one can distinguish
three main zones showing features that are characteristic of the structural
units, namely : the Crystalline-Mesozoic zone or the Central Carpathian
zone, bounded by the Transcarpathian flysch zone to the west and by
the Carpathian flysch to the east. The Carpathian flysch is bounded by
the molasse zone or the Carpathian Foredeep towards the exterior. Except
the Crystalline-Mesozoic zone the other three mentioned units (zones)
contain hydrocarbon deposits and are still of interest for oil and gas.

A) TRANSCARPATHIAN FLYSCH ZONE

The Transcarpathian flysch structural unit is delimited by the Cen-
tral Carpathian zone on the east and extends westwards under the
Oag-Gutii-Cidlimani eruptive chain. This unit prolongs longitudinally
north-westwards on the territory of the Soviet Union.

The Transcarpathian flysch zone and, especially the Maramures
sector belonging to it, was investigated as a result of the seeps in the
vicinity of the S#cel locality that have concerned the Romanian and
foreign researchers since the beginning of the last century.

The geological mappings covered the whole area of the structural
unit dealt with, which allowed the drawing up of detailed maps, on a
scale of 1:25,000, for almost the whole region.
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The gravimetric prospections that started in 1950 reached a density
of 1 point/4 km? and, on about 209, of the area, the frequency of the
measurements was 3 points/km2. The region was also covered by aero-
magnetic prospections.

The first core drills were achieved in 1881, the respective activity
having been resumed in successive stages. Beside the oil pits and the core
drills, about 35 wells have been drilled so far,reaching the depth of 2,400 m.

The works carried out indicated that the Transcarpathian zone con-
sists of Upper Jurassic, Lower Cretaceous, Upper Cretaceous, Paleogene
and Neogene deposits, accumulated during two sedimentation cycles :
the Upper Jurassic-Neocomian and the Upper Cretaceous-Neogene.

The Neocomian-Tithonian (possibly, partly Kimmeridgian) deposits
are known in the vicinity of the Poiana Botizei locality and are repre-
sented, from bottom to top, by : sandstones, microdetrital or oélitic lime-
stones, sometimes associated with radiolarites, marno-limestones with
siliceous aceidents, brown-cherry coloured, limy schists and Aptichus
marno-limestones (Mutihaec, ITonesi, 1975). These deposits appear
as very small tectonic klippes and were regarded as the last south-eastern
Pennine klippe showings.

" The second sedimentation cycle began in the Cenomanian and conti-
nued up to the Lower Miocene. Within the Upper Cretaceous a sequence
of conglomerates and sandstones (the gritty conglomerate formation)
was separated in the base; it belongs to the Cemomanian and is overlain
by a gritty-clayey Turonian horizon which is, in its turn, overlain by
Senonian marno-limestones. The mentioned deposits would represent

“the Upper Cretaceous littoral-neritic facies. The latter consists of Ceno-
manian-Turonian grey marls, overlain by Turonian-Senonian red-brick
marls and marno-limestones (the Puchow facies).

The Paleogene corresponds to a more unstable stage in the evolu-
tion of the Transcarpathian zone, being partly represented by deposits
showing flysch characteristics.

The Danian-Paleocene represents a sedimentary formations consisting
of transitional elements between the red marl facies and the Flysch depo-
sits Mutihaec, Tonesi, 1975), namely an alternation of red-cherry
coloured clays and thin limy sandstone strata.

Three facies zones (Dicea et al., 1979) were distinguished within
the Eocene : the epicontinental facies represented by detrital deposits
making up Turbuta beds followed by marls and marno-limestones ; the
littoral-neritic facies, with Lower Eocene sandstones and conglomerates
(the Prislop conglomerates), limestones and marls (the Vaser marls), the
latter belonging to the Upper Priabonian; the flysch facies, which is
predominantly marly-gritty, in the inner part of the region, and, gritty-
conglomerate towards the eastern margin. Within the flysch facies one
can distinguish an internal zone marked by a Lower Eocene predominantly
clayey sequence in the base, followed by a (Middle Eocene) marly-clayey-
gritty one and by an upper gritty one, and an external zone corresponding
to the eastern sector, where the Eocene consists of conglomerates followed
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by a (Middle Eocene) gritty-clayey sequence and of Upper Eocene-Lower
Oligocene sandstones (the Voroniciu sandstone).

The sedimentary deposits of Oligocene-Lower Miocene age were
grouped into several lithofacial units. In the base was separated the
Valea Carelor bed formation comprising Wildflysch deposits. The latter
are of Lower Oligocene-Middle Oligocene age. The Oligocene schistose
clayey-marly formation follows; it consists of marls and schistose black
clays, sometines, looking like typical ‘‘dysodiles”, similar to those in the
external flysch or in the Ileanda beds. This formation, which shows three
subfacies, individualized by their lithological nature, belongs to the Middle
Oligocene. The Borga sandstone formation consists of limy, micaferrous,
friable sandstones with fine, medium and coarse granulation and of marl,
clay, clayey schist and even ‘‘dysodiles’’ schist intercalations completing the
profile. The Borga sandstone formation is of Oligocene age, the deposition
of this term continuing, as it seems, also in the Lower Miocene. The Oligo-
cene formations change southwards (north-west of the Transylvanian
Depression) into platform facies.

The Oligocene flysch deposits are overlam by a strong molasse
formation belonging to the Lower Miocene (the Salva beds). The Tor-
tonian with dacite tuffs and salt overlies transgressively the structures
generated towards the end of the Lower Miocene. Terrigenous formations
(sands, sandstones, marls) as well as pyroclasts representing the Sarmatian
and the Pliocene, end the sedimentary succession which can reach 5,000
6,000 m in thickness?.

Eruptive formations represented by subvolecanic bodies of pyroxene
andesites outcrop in the Transcarpathian flysch zone. They pierce the
crystalline, the Cretaceous and the Paleogene deposits and erupted in the
Neogene, being similar to the Tibleg and Cilimani subvolcanic formations.

Both plicative and disjunctive tectonic elements can be distinguished
in the structural arrangement of the sedimentary deposits in the Transcar-
pathian zone; they formed during the Meso-Cretaceous(?), Savian and,
especially, Styrian movements.

According to some recent syntheses (Dicea et al., 1979), in the
Maramures sector of the Transcarpathian zone can be distinguished three
structural units among which there exist overthrust relations, namely :
the Maramures autochthon, the Lipus Nappe (or the Wildflysch nappe)
and the Botiza Nappe (Dumitrescu, 1957). In the southern part of
Maramures, the Lipug unit constitutes the parautochthon of the Botiza
Nappe. Within the mentioned units there are structural elements of second
order, overthrust folds inclusively. According to Mutihac (Muti-
hac, Tonesi, 1975) the Klippe and Transcarpathian flysch zone repre-
sent, on the whole, a single nappe zone overthrusting the post-tectonic
cover of the Crystalline-Mesozoic unit. The Lipug and Botiza units, together
with the Setrev unit (at the lower part of the nappe) constitute scales of
the Transcarpathian Nappe.

2

I. D onos. Thesis of doctor’s degree (1978) (manuscript). University Bucuresti.
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Among the disjunctive tectonic elements, the most important
seems to be the Dragos Vodi fault. The characteristic features south
of this tectonic accident are determined by a fault network trending
approximately N—§ and showing an overthrust tendency west-eastwards.
The anticline and syncline folds are locally developed. The importance
of the plicative elements increases north of the Dragos Vodi fault. The
S#ecel anticline, which was proved oil bearing, is among the anticlines
occurring in the respective sector (Fig. 3).
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Fig. 3. — Geological section through the Sicel structure (Maramures): R, guide
mark in the Oligocene.

The stratigraphic and structural frame of the Transcarpathian zone
offered favourable conditions for the hydrocarbon genesis, accumulation
and preservation. Thus, the reservoir rocks might also include the Upper
Oretaceous and Eocene sandstones and conglomerates and, especially,
the Oligocene psamites and psephites in the Valea Carelor bed formation,
seemingly productive at Sicel, and the Borsa sandstone formation. The
determinations carried out on the surface 3 showed that the porosity of
the Valea Carelor sandstones is 0.78 —5.609%,, and the permeability 10 mD.
Considering that these arenyte bodies produce oil at Sticel, the acknowledge-
ment of supplementary fissural porosity and permeability must be added.

.The protective rocks are found in the same lithofacial units that
contain reservoir rocks.

3 Quoted papers, point 2.
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Some lithological screens might be only locally present, which is
due to the lithofacial variations in the zone.

The presence of the source rocks, especially at the Paleogene level,
is indicated by several geochemical indexes. Thus, the Vaser bituminous
marls, the pelite sequences in the Valea Carelor bed formation and the
Oligocene schistose formation are marked by a high content, sometimes
over 6%, organic carbon. The microelement content of many Paleogene
pelite horizons (Mn, V, Co, Cu, Zn, Pb ete.) is also high. The hydrocarbons
in rock reach almost 5,000 ppm. A few marl and bituminous clay levels
provided to 1.89, oil schist. The mentioned indexes constitute arguments
for assigning some Paleogene rock sequences to the hydrocarbon source
formations.

The specific tectonic style, the lithofacial variations and the geolo-
gical evolution of the region were propitious to the formation of a variety
of traps: structural, stratigraphie, lithological and, possibly, paleogeo-
morphie.

Within the Maramures sector of the Transcarpathian zone, the Sicel
anticline has been explored since 1880 (Fig. 3). According to the mapping
data, the mentioned anticline trends E—W, is about 9 km long and is
crossed diagonally by the Siligte-S#cel fault. The dips of the beds are of
20—60°. The anticline is asymmetrical and divided into several tectonic
blocks at the Oligocene level.

An oil deposit with primary gas-cap, probably located in the Lower
Oligocene sandstones of the Valea Carelor formation, is known within the
Sécel structure. The respective sandstones were grouped into two com-
plexes (I + II), with apparent thicknesses of 120 m and 70m, respectively.
The average effective thickness of the reservoir is about 256 m. The initial
production of the wells varied between 1 and 10 t/day oil. Owing to the
very small permeability, the daily production decreased in a short time
interval. Gas and oil traces (to 1 t/day) from the Oligocene sandstones
were obtained on the Siliste structure as well as poor oil productlons in
the Teud Paleogene anticline, also in the mentioned region which is adjacent
to the Dragos Vodid fault.

The traps in the Sicel-Siligte-Ieud sector are of structural lithological
type, while the deposits are stratiform.

B) EAST CARPATHIAN FLYSCH AND THE CARPATHIAN FOREDEEP

These two zones make up what has been defined as the Precar-
pathian Depresgion, a term used by its author (Grigorasg, 1961) to
designate the Alpine Orogen segment developing on the Romanian ter-
ritory, between the Carpathian Crystalline-Mesozoic core and the front
platforms. The studies drawn up later (Dumitrescu et al, 1962;
Dumitrescu, Sdndulescu, 1968 etc.) underlined the fact that
the respective area corresjonds to two district zones behaving like struc-
tural units, representing two stages in the evolution of the Carpathian
~ geosyncline. The stratigraphic, structural and paleogeographic charac-
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teristics determined also different hydrocarbon genesis, accumulation and
preservation conditions, which justifies their definition as distinct units,
also taking into account the hydrocarbon interest.

The internal limit of the East Carpathian flysch zone is represented
by an overthrust line (the central line), along which the Cretaceous flysch
formations sink tectonically and are overthrust by the western Crystalline-
Mesozoic ones. This tectonic contact is visible especially on the eastern side
of the Maramures Massif in the northern sector. South of the latter, the
tectonic contact is almost completely hidden either by the Pliocene-
Quaternary volcanic formations or by post-tectonic deposits belonging
to the Upper Cretaceous.

The external limit of the flysch zone, that is the contact with the
molasse zone (the Carpathian Foredeep) also corresponds. to a tectonic
line, partly identified with the border of the medio-marginal nappe (the
Tarciu Nappe). In front of the Putna-Straja, Bistrita, Oituz and Vrancea
semiwindows, the external limit is represented by the border of the external
unit (the marginal unit), Further south and south-west, the external side
is covered transgressively by the foredeep Sarmatian-Pliocene molasse.
These deposits gradually overlie the innermost terms of the flysch zone
westwards, so that the Miocene molasse overlies directly the metamorphic
formations of the Getic Nappe, west of the Dimbovita Valley.

Unlike the Bast Carpathian flysch developing between the nort-
hern boundary of the country and the Dimbovita River, the Carpathian
Foredeep prolongs also west of the mentioned river, reaching the Danube.
Its external limit was conventionally established on the Pericarpathian
line including the Bibegti-Tinogu fault which is the latter’s western corres-
pondent. Along the respective fault the folded lower molagse deposits
overthrust the quasihorizontal upper molasse deposits. Therefore the
Pericarpathian fault marks, towards the exterior, the lower molasse dis-
tribution area. Asfar as the upper (Sarmatian-Pliocene, occasionally also
Upper Tortonian) molasse is concerned, it extends much outside; it is
not folded and overlies the Mesozoic and older deposits of the p latform.

The study of the geological constitution and evolution of the Car-
pathian flysch and the Carpathian Foredeep aiming at a knowledge of
the useful mineral substance potential has been a particular concern since
the end of the last century. This concern was materialized in a large number
of geological-geophysical works and studies. Initially, the geological
mappings and the core drills were used, being later, as the technique
improved, associated with the gravimetric, magnetometric,electrometric,
seismic, geochemical prospections and wells to the depth of 6,000 m.
These structural-facial units were investigated as follows :

The whole area showing natural outcroppings was covered by geolo-
gical mappings. Detailed and ultradetailed mappings have been achieved
both in the flysch zone and in the foredeep since 1950. Their results were
materialized by geological maps on a scale of 1 :20,000, 1: 25,000 and
1 :100,000. The average frequency of the observations was about 25—35
points/km?. The geological mapping provided important information on
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the stratigraphic succession, the lithofacial variations, the geological
evolution in the flysch zone and in the molasse zone and on the identi-
fication of some structures that proved partly productive later on.

Gravimetric surveys were carried out throughout the region. The
density was 1—2 points/km? in the East Carpathian sector and 1 point/
5 km? in the foredeep. A density of 3 points/km? was recorded on an area
of 159, of the foredeep.

The magnetometric prospections covered the whole mentioned area
reaching a higher density east of the Dimbovita River (1—2 points/km?)
and somewhat lower (1 point/10 km?2) in the Getic Depression.

The gravimetry and the magnetometry were used as methods pre-
ceding the seismic, electrometric prospections and the core drills, the
results of the respective methods representing a quahtatlve frame. Some
attempts at using the grawmetry as a direct method, in the Mio-Pliocene
zone, provided some unconvincing data.

Electric prospections were achieved on about 509, of the region,
the electrical vertical sounding being the most used method. The latter
method had a frequency of 1 sounding/7 km?2, while its average investi-
gation depth was about 1,000 m west of the Dimbovita River. The electric
prospections aimed at deciphering the geological conditions in the Subcar-
pathian fold zone. The results of this activity were checked by seismic
surveys and wells.

The seismic prospections covered almost the whole Getic Depression
and about 609%, of the territory situated east of the Dimbovija River.
The flysch zone and the Miocene zone in Moldavia benefited less by these
works owing to the difficult seismic-geological conditions and the parti-
cularly complicated tectonic Style which led to less convincing results.
Among the devices used in the latter sectors, the three dimensional discrete
recording proved more adequate to the specific seismic-geological con-
ditions, being used for about 659%, of all the seismic surveys. In the Mio-
Pliocene zone in Muntenia and the Getic Depression the continuous
profiling method prevailed, while the controlled directional reception
method was only little used. The seismic prospections constituted the main
method for identifying most of the structures in the molasse zone in
Oltenia and Muntenia.

Geochemical prospections were achieved only experimentally on
some restricted areas, but the results obtained were not convincing.

Over 6,000 exploration wells have been drilled so far, of which 3,500
in the flysch zone and in the East Carpathian Foredeep. Some of these
wells reached the depth of 6,000 m.

The exploration works carried out during the 120 years of activity
provided a better knowledge, especially at the depth of 0—3,5600 m, on
both the geological-structural conditions and the oil and gas potential.
The knowledge on the geological formations lying below the depth of
3,500 m as well as on a part of the flysch zone is reduced.
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1. Stratigraphie and Lithologic Peculiarities of the Mesozoic
and Neozoic Sedimentary

As has already been shown, the East Carpathian core is represented
by the Crystalline-Mesozoic or Central Carpathian zone consisting of
metamorphic rocks and of Triassic and Jurassic sedimentary formations
overlying directly the central crystalline. These deposits are integrated
into the basement (Bdncild, 1958). The Mesozoic and Tertiary for-
mations outside the central core are characterized, in general, by a succes-
sion containing younger elements outwards, so that Cretaceous rocks pre-
vail in the vicinity of the Crystalline-Mesozoic zone, Paleogene deposits
prevail further outwards, while the Neogene formations prevail in the
farthest zones. Accordingly, three main zones resulted, namely the Cre-
taceous ﬂysch zone, the Paleogene flysch zone and the molasse zone. They

include, in their turn, structural units of second and third orders.

The particular geological complexity of the East Ca,rpathlans, the
large number of researchers studying this mountainous region, the different
criteria adopted and the long research period (over 100 years) determined
various conceptions in the zoning of the flysch deposits and an extremely
complicated and varied terminology.

. The geological syntheses drawn up in the last 20—25 years resemble
one another from the point of view of the geological zoning but differ in
point of terminology. Thus, Bdncild (1958) distinguishes within the
East Carpathian flysch five units, namely (inwards-outwards) : the west
internal unit, the east internal unit, the middle-internal unit, the middle-
marginal umt and the external unit.-

.The geological map of Romania (Dumitrescu et al.,, 1962)
shows also five units, generally corresponding to those determined by
Bincilid, but named (in the same order) as follows: the Ceahliu
unit, the curbicortical flysch unit, the black shale unit, the Tarciu unit,
the marglna,l unit.

In a more recent synthems,Ione si (Mutihae, Tonesi, 1975)
distinguishes also five units, called : the Ceahliu unit, the Teleajen unit,
the Audia unit, the Tarciu unit and the Vrancea unit.

The synthesis concerning the Carpathian-Balkan regions (D um i-
trescu, Sindulescu, 1974) mentions eight units in the same
area, namely : the Baraolt Nappe, the Ceahliu Nappe, the Bobu Nappe,
the Curbicortical Flysch Nappe, the Macla-Zagon Nappe, the Audia
Nappe, the Tarciu Nappe and the marginal fold unit. In other words, three
new units are discussed in this paper, namely the Baraolt Nappe, the
Bobu Nappe and the Macla-Zagon Nappe.

The geologists in the oil industry adopted the zonality and termi-
nology proposed by Bancild (1958). The same point of view is also
reflected in the present paper.

'The above sketched formation zonality is followed, with a few excep-
tions, from the northern boundary of the country to the Dimbovita
Valley.
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In the evolution of the Carpathians the depositions of some flysch
formations took place towards the end of the Jurassic and lasted up to
the Lower Miocene. There were stages, during this time interval, when
deposits that do not show the stratonomic and genetic cha,ra,cterlstlcs
of the flysch formations accumulated (Mutihac, Tonesi, 1975).

a) The Cretaceous flysch zone develops between the Suceava
Valley and the Dimbovita Valley, including deposits whose age varies
between the Tithonian (Dumitrescu, Sdndulescu, 1974) and
the Senonian. This stratigraphic sequence seems to be interrupted in the
interna,l part by some gaps at the Upper Albla,n and Turonian-Senonian
evels

The innermost Cretaceous flysch wunit is the west-internal unit 4
overlying a Carpathian basement and consisting of thick flysch deposits
with magsive sandstone and conglomerate banks, corresponding to the
Sinaia, Comarnic-Bistra and Zéganu beds. Deposits belonging to the
Vraconian-Eocene cycle lie at the southern end of the unit.

The east-internal unit was séparated outside the mentioned unit.
It consists of Cretaceous (beginning with the Hauterivian), Pa,leogene
and Miocene deposits (the Breaza syncline). According to Bédncilé
(1958), the Cretaceous deposits are characteristic of the east-internal
unit ; they include the curbicortical series, the Cotumba-Tétaru sandstone,
with transition to the Dumbrivioara series, Vraconian-Cenomanian marls
and marno-limestones, beds with Inoceramus, with transition to Senonian
red marno-limestones (Gura Beliei beds). The Paleogene is developed in
the marly-clayey Sotrile facies containing sandstone intercalations.

The middle-internal unit follows the previous one at the. exterior
and is represented by Cretaceous deposits in the black shale facies; it
consists of bituminous dark clayey pelites. The age of the black shales
varies between the Hauterivian and the Upper Albian. Three horizons
are distinguished in the composition of the black shales : a basal spherosi-
derite horizon, a schistose-gritty horizon and an upper gritty-glauconitic
horizon. The last one is overlain by a horizon of red clays with tuffites and,
sometimes, radiolares. Generally, the black shales lack reservoir rocks.
North of Bistrita and south of Covasna, they are overlain by an arenyte
horizon, the Prisaca-Siriu sandstone, respectively (Badncilé, 1958)
which is of Upper Cretaceous-Lower Eocene age and, locally, may reach
600—700 m in thickness.

As indicated by the mapping and drllhng data, the black shales
are characteristic not only of the Cretaceous flysch but are also present
in the Paleogene flysch zone. Taking into account the bituminous character
of the black shales which suggests that they might constitute hydrocarbon
source rocks, the definition of their stratigraphic and structural position
has theoretical implications on the hydrocarbon prospects in the various
units of the flysch zone.

4 According to Dumitrescu, Sdndulescu (1974), the innermost unit is the
Baraolt Nappe.
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The Cretaceous flysch zone consists, on the whole, of strongly tec-
tonized deposits, most of which outcrop and have been eroded. As a
result, this zone is generally regarded as not of prospect for hydrocarbons.

b) The Paleogene flysch zone consists, at the surface, of Cretaceous,
Paleogene, Miocene and, only locally, Pliocene deposits. But the Paleogene
formations are the most widespread. The Cretaceous and, especially, the
Paleogene deposits show facies variations that, associated with the regional
tectonic relations, determined the separation of this zone into two tec-
tonic units: the medio-marginal unit and the external unit (B % n-
cila, 1958).

The medio-marginal unit, situated outside the medio-internal unit
(Audia) comprises mainly Cretaceous and Paleogene deposits. From the
Buziu Valley, the respective deposits gradually sink south-westwards
under newer Miocene and Pliocene formations. Towards the exterior, the
medio-marginal unit comes into contact with the external unit or with
the Neogene zone. From the stratigraphic and structural constitution
viewpoint, the medio-marginal unit was divided (B&ncil&, 1958)
into two subunits : the median subunit and the marginal subunit.

The median subunit covers the western part of the medio-marginal
flysch, being overthrust by the Audia unit. It consists of Cretaceous,
Paleogene and Miocene deposits.

The Cretaceous comprises two main deposit sequences: a lower
sequence, developed in the black shale facies (Hauterivian-Upper Aptian ?)
reaching 200—250 m in thickness and an Upper sequence of Vraconian-
Senonian age, consisting of striped clays, marno-limestones,limestones
and sandy limestones reaching about 1,500 m in thickness.

The Eocene is represented by the Tarciu sandstone series,
1,000—2,000 m in thickness, followed by schistose clays with sandstones
(the Podu Secu beds-the Plopu beds).

The Oligocene covers the depressive zones and consists of sandstones
(Fusaru), marno-limestones and of an upper horizon (the Vinefisu beds),
represented by marls and sandstones. The whole succession reaches 1,200—
1,500 m in thickness. West of the Buziu Valley, the Oligocene undergoes
lithofacial variations changing into the mixed facies of the Pucioasa beds.

The Miocene is present in the Slinic syncline where it contains
a continuous stratum succession, from the Burdigalian to the Sarmatian.

The marginal subunit, situated outside the previous one, consists
of Cretaceous, Paleogene and Miocene deposits.

On the whole, the Senonian sequence is similar to that in the median
subunit, the pre-Senonian formations lacking.

The Eocene shows an intermediary facies, marked by the presence
of the Tarciu type sandstone and gritty limestones with marl intercala-
tions. Towards the exterior, but in the same subunit, the Eocene becomes
ever more limy, being marked by a lower limy-gritty horizon (300 —400 m)
and an upper marly-clayey horizon (150—200 m).

The Oligocene shows two facies, namely, the bituminous Kliwa facies
and the Pucioasa facies. The following terms individualize in the Kliwa
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facies, from bottom to top : the Lucicesti sandstone (20—30m), the lower
menilite horizon and the bituminous marl horizen (30— 60m), the dysodile
schist horizon (50—100m), the lower Kliwa sandstone horizon, (200—250m)
with dysodile schist intercalations, the Podu Morii bed horizon (50 —200m),
the upper Kliwa sandstone horizon (150—500m) and the nupper menilites
(10—12m). The Pucioasa facies is present west of the Prahova River in
the following succession : lower Pucioasa beds (50 m), lower dysodile
schists (40—150 m), upper Pucioasa beds (1,100 m) with gritty Fusaru
intercalations, the Vinetisu-Izvoarele beds, (70—300m) and the upper dyso-
diles (100—200 m).

The Miocene forms several synclines to the south-west of the medio-
marginal unit, where the latter sinks under newer deposits. It is the
question, first, of the Slinic and Drajna synclines. The Miocene consists
of Burdigalian, Helvetian and Tortonian salt overlain, sometimes, by
post-tectonic Pliocene formations. Beside these, it should be mentioned
also the Miocene and Meotian deposits in the Coménesti intramontan basin,
the last represented by the Sarmatian, 400—600 m in thickness, overlying
unconformably the Paleogene of the medio-marginal nappe and the exter-
nal unit. The Sarmatian contains a conglomerate basal horizon and a
marly-gritty upper horizon with coal and hydrocarbons (migrated from
the Paleogene).

In the external unit the Paleogene flysch develops under the medio-
marginal nappe overthrust and outcrops, practically, only in the Putna-
Straja, Dumesnic, Mitocul lui Bilan, Bistrifa-Piatra Neamy, Oituz-Slinic
and Putha—Vrancea tectonic windows or semiwindows. This unit contains
Cretaceous, Paleogene and Miocene deposits.

The Lower Cretaceous is represented by the black shales of the Streiu
beds, while the Upper Cretaceous is represented by the Tisaru beds which
are equivalent to the striped clays in the Audia unit, and by the Lepsa
beds (250 m).

The Eocene shows two facies : an external one or the Casin facies,
consisting of bituminous marno-limestones with sandstone intercalations
(700 m), limy marls (100 m) and marls with sandstone intercalations (Bi-
sericani beds = 300 m); an internal one, the Gresu facies, consisting of
bituminous marno-limestones with sandstones and conglomerates, limy
and gritty marls and alternations of limy sandstones, clays, limestones
and conglomerates (Gresu beds, about 350 m, and Bisericani beds).

The Oligocene shows approximately the same succession as in the
marginal subunit, namely (from bottom to top) : the Lucécesti sandstones
(0—30 m), the lower menilite and bituminous marl horizon (40—80 m),
the dysodile schists (80 m), the Kliwa sandstone (120—260 m), the dysodile
and upper menilite horizon (150 m) and the transition horizon (the Gura
Soimului beds = 80—140 m), represented by an alternation of marls,
dysodile schists, menilites and conglomerates. It is noteworthy that the
Oligocene deposits are not regularly distributed and may lack totally
or partially, owing to erosion, as is the case of the Bistrita, Putna-Vrancea
semniwindows or the Mégura-Cagin, Béile Sldnic-Nineasa, Ciunget, Muntele
Tlure zones.
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The Miocene consists of a basal series including conglomerates and
an upper sequence of sandstones and marls (Hirja beds).

Referring to the Paleogene flysch which shows a greater economic
importance than the Cretaceous flysch, the following things should be
underlined :

The Cretaceous deposits, and especially the Paleogene ones, present
lateral facies variations.

The Cretaceous is marked by two main deposit sequences : a lower
sequence, developed in the black shale facies, possibly mother rocks, but
lacking important reservoirs; it is found, under different names, in the
medio-marginal and external Audia units; an upper sequence in which
the Upper Cretaceous, represented by the striped clay horizon (Vraco-
nian), is found in the marginal and external Audia units, being named
Tisaru beds in the latter unit; stratigraphic equivalences may be also
found for the rest of the Upper Cretaceous.

The Eocene in the Tarciu sandstone facies, which is predominantly,
arenyte, showing reservoir rock properties, gradually changes outwards
into more pelite and more limy facies. Thus, the frequency of the massive
sandstones decreases in the marginal subunit changing gradually into a
rhythmical gritty-clayey composition and, into gritty-limy and limy inter-
calations, eastwards. The Eocene also decreases gradually in thickness
from 2,500 m in the Tarcidu sandstone facies zone to 700—1,000 m in the
marcmal subunit.

The Oligocene, which is the main formation of interest for hydrocar-
bons, shows two principal facies : in the median subunit, the Fusaru facies
which changes into the Kliwa facies in the marginal subunit and, then,
in the external unit. These facies differentiations take place agamst 2
bituminous general common background propitious to the hydrocarbon
genesis. From the lithological point of view, the common background is
manifested by the presence of the bituminous lutites and silicolites (dyso-
dile clayey schists, marls and menilites).

The Fusaru sandstone facies is characterized by the presence of
metric and suprametric thick packets (the Fusaru sandstones), similar to
the Tarciu sandstones. Rhythmical clay and gritty, sometimes blackish
bituminous marl sequences are intercalated among the sandstone packets.
The Paleogene habit of these sequences resembles that of the Krosno beds,
in the northern half of the flysch zone ; these sequences are known under
the name of Pucioasa beds in the median part and south-westwards in the
Paleogene flysch where the rhythms are more frequent and the rocks show
a finer granulation. The Vinetiyju beds, which lie in the upper third of
the Oligocene, constitute an exception, preserving the characteristic fea-
tures of the Krosno beds.

The essential feature of the Kliwa sandstone facies is the wide distri-
bution, in the lithologic column, of the quartzose arenyte material. The
latter appears, mainly, as metric and suprametric Kliwa sandstone banks
occurring even in the base of the sequence, under the first menilite level,
thus forming the Lucicesti sandstone horizon. The massive sandstones
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make up two horizons in the nappe ; these horizons are separated by the
Podu Morii beds, representing a marly-limy, partially, synchronous flysch
packet which is lithologically similar to the Vinetisu beds. The Oligocene
decreases gradually in thickness, from 1,300 m in the Tarcidu facies develo-
ping zone in the median subunit, to 800 m, in the marginal and external
units. As has already been shown, thickness variations are also recorded
longitudinally in this last unit, owing to erosion (%). The transversal
thickness decrease affects, mainly, the sandstone packets which also
undergo a partial substitution by conglomerates and microconglomerates
with green schist elements within the external unit.

¢) The Carpathian Foredeep, as it was defined in a previous chapter
develops  at the exterior of the Carpathian Chain, along it. Between the
Suceava Valley and the Buziu Basin, the formations making up the fore-
deep come into tectonic contact with the external or median-marginal unit
of the Paleogene flysch. The Paleogene flysch side sinks normally under
the Neogene south-westwards while, west of the Dimbovita River, the
Neogene zone formations exceed completely also the Cretaceous flysch
units, overlying transgressively the South Carpathian Crystalline-Mesozoic
core.

Taking into account the stratigraphic and structural characteristics,
within the Carpathian Foredeep, three subzones can be separated, namely :

— the Miocene subzone, between the Suceava Valley and the Buziu
Valley ;

y_: the Mio-Pliocene subzone, between the Trotus Valley and the
Dimbovita Valley; within it, the sector between the Buzdu Valley and
the Prahova Valley is known also under the name of ‘“the diapir fold zone” ;

— the Getic Depression, situated between the Dimbovita Valley
and the Danube.

The oldest sedimentary deposits known in the molasse zone belong
to the Getic Depression Cretaceous. The most numerous data concerning
the Paleogene deposits were obtained also in this subzone ; this is due to
the outcropping of the respective deposits in the northern margin, on
the one hand, and to the fact that the Paleogene could be crossed by wells
at the usual drilling depth.

With the exception of the Lower Cretaceous, which is characteristic
of the west internal unit and was identified by the wells drilled at Stilpeni
and, possibly, at Béiculegti, in the rest of the depression west of the Dim-
bovita, the Cretaceous, crossed by wells, seems to belong completely to
the post-tectonic cover of the Getic Nappe. It consists of a basal, conglo-
merate complex, found on the border and an upper complex consisting
of marl and sandstone alternations reaching 2,000 m in thickness. Gas
indications were pointed out in the upper complex, at Govora.

The Eocene is, comparatively, better investigated also in the Getic
Depression on the border of which it consists mainly of conglomerates and,
only locally, of organogenous limestones. Within the depression the Eocene
remains completely psephite west of the Amaradia Valley (Ticleni, Cilnic),
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while, east of the respective river, it consists of a conglomerate basal
complex and of an upper complex in flysch facies (the Sotrile facies) with
sandstone levels. Outside the Getic Depression, the Eocene is considered
to undergo the facial variation tendencies found in the Paleogene flysch
zone.

According to the data available so far, the Oligocene seems to show
two facies in the molasse zone basement. One facies represents the out-
ward. continuation of the Kliwa facies, the other is similar, to a certain
extent, to the Pucioasa bed facies. The former is known in the Miocene and
Mio-Pliocene subzones, while the latter is characteristic especially of the
Getic Depression. A gradual transition seems to take place in the northern
extremity of the Mio-Pliocene subzone.

The Oligocene in the Kliwa facies is better represented in the Buzéiu
and Prahova valleys where it sinks normally under the Neogene forming
the northern border of the foredeep. The lithological characteristics and
the Oligocene succession in this sector remain such as they have been
described above. Northwards, in the Miocene zone (Tescani) a succession
similar to the one in the Paleogene flysch external unit is found, differing
from the latter by the fact that the frequency and thickness of the Kliwa
sandstones are lower owing to the influence of the conglomerates with
greenschist elements. Simultaneously, the total thickness of the formation
decreases to 500 m. In the Getic Depression the Oligocene consists
of rhythmical sequences of the Pucioasa bed type among which are inter-
calated gritty complexes (Vilcele, Botesti) similar to the Fusaru sandstones
and, sometimes, even conglomerate intercalations. This basic composition
shows great variations, the arenyte and pelite sequences substituting one
another laterally, longitudinally and vertically. The Oligocene average
thickness is 1,000 —1,250 m in this part of the Neogene.

The ultradeep wells performed in recent years have no longer reached
Paleogene deposits south of the Moreni-Suta Seacd-Slitioarele-Ticleni
structure line, but only Lower Miocene formations overlying tectonically
various terms of the Moesian Platform sedimentary. This indicates that
the external limit of the sedimentary basin was farther north of the Bi-
besti-Tinosu line (the equivalent of the Pericarpathian line) during the
Paleogene.

The Miocene is represented by all its stages and is found throughout
the foredeep.

The Aquitanian seems to develop in continuity with the Oligocene
ending in fact, the Paleogene sedimentation cycle. Its deposits show part-
ly a lagoonal facies. It is difficult to know the Aquitanian thickness owing
to the tectonic deformations which took place after the deposition and
caused the agglomeration of a bulk of deposits in certain sectors. In
general, it is agreed that the average normal thickness does not exceed
500 m.

The Burdigalian, generally overlying transgressively the Aquitanian
or the older formations, represents the first molasse term of the Carpathian .
Foredeep. It consists almost throughout of conglomerates whose thick-
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ness reaches 700—800 m. The conglomerates in the Moldavian Miocene
subzone are characterized by the greenschist prevalence. The local charac-
teristics of the conglomerate facies are expressed by several denominations,
such as the Plesu-Pietricica, Brebu, Fedelesoiu, Lovistea conglomerates
ete. Lately some geologists have assigned to the Burdigalian also the
lagoonal deposits with gypsum, the gypsum breccias, the salt sedimentary
breccias, and, subordinately the clays that formerly were assigned to the
Aquitanian and were known under the name of ““Salt formation’.

The Helvetian, which is found throughout the Neogene zone, con-
sists of a marly-sandy series reaching 2,000 m in thickness. Within its
succession two subdivisions can be distinguished regionally: a lower,
predominantly sandy-gritty sequence with red marl intercalations and
an upper, predominantly marly dark grey sequence with gypsum and sand,
sandstone and conglomerate intercalations at the upper part. In the Getie
Depression the terminal arenyte depositions constitute a distinet complex
at the upper part of the Helvetian. Owing to the lithofacial variations,
the limit between the two complexes is not clear and does not always
appeal' at the same stratigraphic level. In the eastern Muntenia and in
Moldavia, the lower sequence is known as ‘‘the red horizon”, while the
upper sequence is known as ‘“‘the grey horizon’. If, on the internal side
of the depression, the Helvetian changes into a coarser, conglomerate
facies, on the internal side, north of the Bibesti-Tinosu fault, the psamite
ratio decreases, the respective deposits becoming predominantly pelite
with ever rarer gritty-clayey intercalations. The drilling data indicate
that the Lower Miocene sedimentary basin did not extend outside the
present Pericarpathian line.

The Tortonian represents the formation ending the Carpathian
molasse marine cycle. Within it four lithostratigraphic terms were separa-
ted (Fl. Olteanu, 1951; Gr. Popescu, 1951), from bottom to
top (Fig. 4):

— the tuff and marl horizon with globigerinae consisting, mainly,
of greenish dacite cinerites with marl and tuffaceous sandstone intercala-
tions reaching 10—15 m in thickness (Govora) ; in the bending Carpathian
zone, the sandstones intercalated in the predominantly limy tuff horizon
make up the “Réchitasu sandstones” ;

— the salt breccia horizon contains a great variety of Carpathian
and extra-Carpathian rocks with which associate a second generation of
salt massifs ; the thickness of the breccia horizon varies from a few metres
to 600—700 m, the salt being lenticular ;

— the radiolare schist horizon (to 150 m in thickness), consisting
of bituminous schistose clays, resembling the Oligocene dysodile schists
from a petrographic and, to a certain extent, geochemical viewpoint;

— the horizon of the marls with Spirialis consisting of marls with
thin sandstone or tuff intercalations reaching 150—200 m in thickness.
The horizon is equivalent to the Tarhan beds and, possibly, Ciocrac beds
in Caucaz (Saulea, 1967).
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The Sarmatian (the Buglovian inclusively) is marked by a succession
of brackish water deposits that may exceed 2,000 m in thickness. The
Buglovian marks the transition from the marine to the brackish deposition
by its paleontologic content. The clays and marls with sandstone inter-
calations are rich in pyrite and totalize about 100 m in thickness. The Sar-
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Gh. Olteannu).



ROMANIAN OIL AND GAS FIELDS 45

matbian proper shows a transgressive character, the respective deposits
overlying, sometimes, the Eocene on some of the Getic Depression anti-
clines. The Volhynian consists of marls with Ervilia, sandstone and boul-
ders. The Bessarabian consists of bituminous dysodiliform schists, limy
sandstones marno-limestones and cinerites; sometimes (the Ot#siu Val-
ley-the Olt Valley) it is marked by the presence of the conglomerates and
sandstones. The Chersonian contains a packet of sands, sandstones and
conglomerates in the base and marls and dysodiliform schists at the upper
part. The Sarmatian is predominantly pelite on some structures within
the depression (Cilnic, Urdari, Strehaia etc.), while it is sandy on other
structures (Bélteni, Ticleni, Bustuchini ete.).

The Pliocene, represented by all its stages, is followed along the East
and South Carpathians, from the Trotug Valley to the Danube. It consti-
tutes the final molasse term deposited in sweet water facies. The Pliocene
congists of a sequence of pelite and psamite deposits containing mother,
reservoir and protective rocks.

The Meotian overlies transgressively the older formations with the
exception of the Sarmatian-Pliocene zone in Moldavia, the eastern part of
Muntenia and the north-western part of Oltenia, where it overlies the
Sarmatian in continuity of sedimentation. The Meotian consists of an
alternation of sandstones and sands in which the marls prevail. The areny-
tes prevail in the lower part of the profile. The thickness of the Meotian
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varies from the complete absence on some structures in the Getic Depres-
sion to 100—1,500 m in the bending Carpathian sector (Fig. 5).

The Pontian follows, as & rule, the Meotian in continuity of sedi-
mentation and, by its predominantly pelite character, constitutes a pro-
tective screen for the deposits located in the older reservoirs. Locally, it
contains sand intercalations which are more frequent towards the Carpa-
thian bending sector, and lumachelle limestones on the internal margin
of the sedimentary basin. The Pontian thickness increases from 120 m
in the central part of the Getic Depression (Pitesti) to 400 m (Bélteni)
and even 1,200 m in the eastern sector of the Mio-Pliocene subzone.

The Dacian consists of an alternation of sands, marly sands and sandy
fossiliferous marls, with sequences of sandstones and gravels with crossed
stratification. Lignite intercalations associated with coal clays lie at the
upper part. The fauna indicates a water sweetening. The total Dacian
thickness varies from 500 m to.1,000 m, while greater thicknesses corres-
pond to the eastern sector of the Mio-Pliocene subzone.

The Levantine represents the last Pliocene substage. Its composition
is predominantly arenyte, with sands and sandstones changing into gra-
vels and conglomerates towards the upper end. The arenytes are separated
by marly intercalations constituting at the same time also protective screens
for some hydrocarbon accumulations.

The molasse deposits end by a sand, sandstone and gravel horizon
(the Cindesti gravels) of Pleistocene age.

2. General Characteristies of the Struecture

The tectonic edifice of the flysch and molasse formations is the
result of an intense and lasting diastrophism process determined by the
Alpine orogenesis. The sense and intensity of the tectonic loading were
not uniform on the whole area lying between the Crystalline-Mesozoic
zone and the foreland, showing strong differences, especially between
the sectors east and west of the Dimbovita River.

In the sector between the Suceava Valley and the Dimbovita Valley
the tangential movements were much stronger, probably, owing to the
more active foreland underpushing. Thus a complicated structural edifice
resulted showing relations of successive overthrusts outwards. Such rela-
tionships are to be found both in the Cretaceous and Paleogene flysch zones
and in the foredeep. According to the synthesis drawn up by Bdncila
(1958), there are six units in the eastern succession. Their denominations,
which are also mentioned in the stratigraphy chapter, are the following :

— the west-internal unit = the Ceahliu wunit (Dumitrescu
et al., 1962);

— the east-internal unit = the curbicortical flysch unit;

— the median-internal unit (Audia) = the black shale unit;

— the medio-marginal unit = the Tarciu sandstone unit;

— the external unit = the marginal unit;

— the Pericarpathian unit = the internal zone of the Carpathian
Foredeep.
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According to a recent synthesis(Dumitrescu, Sdndulescu
1974), the west-internal unit (the Ceahliu unit and the Baraolt Nappe)
belongs to the ‘‘internides’ taking into account the fact that the.main
unconformities affecting the respective deposits took place during the
Cretaceous. The other four flysch units belong to the “externides”, taking
into account the fact that the east-internal and medio-internal nappes
(Audia) formed during the Burdigalian-Helvetian, while the medio-marginal
(Taredu) and external (marginal) units formed during the New Styrian
phase. As has been mentioned before, the lower molasse thrust over the
platform deposits took place during the Middle Sarmatian.

The first three of the six mentioned units develop in the Cretaceous
flysch zone, the next two, in the Paleogene flysch zone, while the last one
corresponds to the foredeep. These units are delimited by important tec-
tonic accidents (lines) showing a regional character. Thus the Crystalline-
Mesozoic zone comes into contact with the Cretaceous flysch zone along
the central line; the two internal units are separated by the Lutu Rosu
line ; the east-internal unit is delimited at the exterior by the east-internal
line ; the median-internal unit, by the Audia line; the medio-marginal
nappe, by the marginal line, and the external unit, by the external line.

The mentioned overthrust lines along which the flysch units shif-
ted eastwards, represent planes with strong dips (30—50°) tending rapi-
dly to decrease in depth, so that the overthrust ampleness does not exceed,
as a rule, 10—12 km. The medio-marginal unit, which is the most important
nappe in the Carpathians, is an exception ; its ampleness (thrust), checked
by drilling, exceeds 35 km (Plate IT). Various nappes known in the relevant
literature as the Tazliu Nappe, the marginal nappes and the Putna Nappe
were assigned (Dumitrescu etal., 1962) to this unit which identified
with the Tarciu Nappe. Longitudinally, the overthrusts diminish gradually
southwards and south-westwards disappearing in some cases. This is also
the case of the contact between the Paleogene flysch and the internal
flank of the foredeep, which lose their tectonic character west of the
Buziu Valley. But other tectonic lines prolong also beyond the Dimbovita
Valley, under the Neogene cover. For instance, the Lutu Rosu line was
followed south of Stilpeni and the unit corresponding to the west-internal
one might reach the Danube Defile where the Sinaia beds in the Severin
Nappe thrust over the Upper Cretaceous (Codarcea, 1940).

It has already been shown that the most important of all the Carpa-
thian flysch units from the economic point of view are the external unit
and the medio-marginal nappe. The former, which constitutes a parauto-
chthon (%) supported by the Pericarpathian unit, shows the best hydro-
carbon accumulation conditions. The latter is a very wide nappe offering
the protection of the parautochthon hydrocarbon accumulations.

The tectonic details of the formations in the flysch zones is charac-
terized by scales, faulted folds and by normal folds which are parallel to
the Carpathian Chain. The faulted folds prevail in the Cretaceous flysch
zone ; they are sometimes associated with wide normal, usually, syncline
folds consisting of conglomerate, little competent deposits. The Paleogene
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flysch zone is marked by the development of the fault folds, with the ex-
ternal flank laminated, making up, on the whole, a scale structure, and by
normal folds (Plate ITI).

As far as the molasse zone subunits are concerned, it is noted that
the Miocene subzone generally shows some overthrust anticlines which
are strongly folded and similar to those in the Paleogene flysch zone.
The tectonics of the Neogene formations shows a particular character
determined by the halotectonic process, in the Mio-Pliocene subzone.
The salt formation pierces, sometimes, here the whole cover of Miocene
and Pliocene aeposits forming diapir folds whose salt cores outcrop. Al-
though the diapir folds are present throaguout the internal zone of the
foredeep up to the Bibegti-Tinosu line, the shift of the salt mass is consi-
dered to be due to the tangential and oscillating movements of the crust
(I.Atanasiu, 1948; Gavat, 1964, etec.).

The diapir folds range north-southwards along several main align-
ments, mirroring various piercing stages, namely :

— the overshed diapirs corresponding to the Oecnita, Vileinesti,
Migurele, Apostolache structures ete., situated on the internal foredeep
side ;

) — the Tintea, Moreni, Gura Ocnifei exaggerated diapirs develo-
ping in the median sector of the Mio-Pliocene zone ;

— the Bucsani, Aricegti, Ploiegti, Ceptura-Urlati attenuated diapirs
etc. ;

— the Mirgineni, Manegti-V1ideni eryptodiapirs.

Within the first two diapir categories the salt bodies may pierce
completely the Pliocene cover forming outcropping salt massifs ; on the
attenuated diapir alignment the salt reached the Meotian and Pontian
levels, while on the outermost alignment the salt rock agglomeration
brought about only the deformation of the zover Pliocene.

With a few exceptions, the most important structures in the Mio-
Pliocene zone lie on two main echelons ; one is represented by the Surani-
Copéaceni-Vilednesti-Cimpina-Ocnita-Valea Regca-Doicesti-Sotinga align-
ment, which is situated on the internal foredeep side at the contact with
the Paleogene flysch and is marked by overshed diapirs, with the southern
flank sunk and overthrust by the northern flank ; the other consists of
the Tintea-B#icoi-Floregti-Moreni-Gura Ocnifei-Razvad-Tirgoviste anti-
clines, which constitute exaggerated diapirs with outcropping salt cores
and asymmetrical flanks. The seismic profiles operated in 1974 on the
Prahova and Provita valleys as well as some older drilling data seem to
indicate that the synclines determined north and south of the median
diapir alignment (Tintea-Tirgoviste) appear only at the Neogene level
and that they overlie some Paleogene anticlines (Fig. 6, 7). Such uncon-
formities were also pointed out at the Tortonian salt base in the Transyl-
vanian Depression. The latest obgervations suggest that the Neogene tec-
togenesis in the Mio-Pliocene zone is of predominantly halokynetic and
not halotectonic nature.
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The thickness and lithofacies variations indicate that, on the whole,
the respective structural elements formed and evolved simultaneously
with the sedimentation, at least in the Pliocene (Krejci-Graf, 1933;
Stille, 1953). But the existence of some synclines with hydrocarbon
impregnations, such as those at Dragiesti, Aninoasa and Matita raise
interpretation problems concerning the deposit formation and the evolu-
tion of the region; this interpretation still needs additional data and a
special study.

It is also noteworthy that the Mio-Pliocene zone diapirism decreases
gradually southwards, that is, towards the platform boundary. The am-
plitude of the Neogene structures decreases accordingly.

The plicative elements are crossed by numerous faults, some of which
trending longitudinally, others, transversally, with implications on the
fluid distribution. But it seems that the main diapir structures are located
along some ruptural accidents with regional character, along which the
heat flow might have shown greater intensities than previously, thus
influencing favourably both the salt plasticity and ascension and the fac-
tors conditioning the hydrocarbon genesis and accumulation.

Unlike the East Carpathians, where the sedimentation area shifted
gradually outwards, a sinking of the internal zones took place in the Getic
Depression after the Laramian phase, allowing the sedimentation basin
to extend also inwards to the Crystalline-Mesozoic core. The post-Lara-
mian phases determined the folding of the sedimentary cover and the
outlining of some alignments which are parallel to the Carpathian system.
A few positive structures functioning as real ridges (Stilpeni-Ciofringeni-
Govora, Pitegti-Glimboceln), remained emerged for longer or shorter periods
of time, when the denudation removed partly the sedimentary cover.
As a result, the stratigraphic succession shows discontinuities varying in
time and importance. The biggest gaps are found in the apex zones of the
positive structures, while on their flanks a tendency of completing the
stratigraphic profile is noticed. But most of the structures remained almost
permanently covered by waters, showing a relative continuous Mio-Plio-
cene stratigraphic succession.

Taking into account the main diastrophism phases, two structural
stages can be distinguished within the tectonic arrangement of the Tertiary
formations in the Getic Depression. A lower stage, containing the succession
from the Eocene to the Tortonian which was folded in the Savian and
Styrian phases, when the major structural alignments of the Getic Depres-
sion formed ; an uper stage, of Attian and Wallachian age, corresponding
to the Sarmatian-Pliocene cycle. The latter’s deposits overlie transgressi-
vely the Miocene, Paleogene and even Cretaceous formations, generally
moulding the older structures. The role played by the disjunctive tecto-
nics in the detail evolution of the structures and in the fluid distribution
should be underlined also in the Getic Depression.

As in the Mio-Pliocene zone, the main structural alignments of the
Getic Depression are found in the latter’s northern and median parts,
consisting of the following anticlines: Stilpeni-Béiculegti-Ciofringeni-Go-
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vora-Slatiorn; Suta Seacd-Glimbocelu-Pitesti-Slitioarele ; Bustuchini-
Socu-Ticleni-Bilteni.

3. Geological Evolution of the Carpathian Flyseh and the
Carpathian Foredeep

The region between the Crystalline-Mesozoic zone and the Car-
pathian Foreland is marked by an almost continuous suceession of deposits,
beginning with the Upper Jurassic and ending with the Pliocene. This
sedimentary, predominantly terrigenous, succession reaches 18 km in
thickness in the Focsani region. From the genetic point of view, most of
the Cretaceous and Tertiary deposits belong to the flysch (the Lower
Cretaceous-Paleogene) and molasse (Neogene) formations.

The nappe structure, the detail structural arrangement and the
lithological variation of the beds are the result of both the platform under-
pushing process and the movements affecting the flysch area, the molasse
zone and the surrounding regions. The sedimentary bulk was subject to
some new strong tangential movements against a background of conti-
nuous subsidence movements with rare phases of regional or local uplift
of the basin bottom. On the other hand, vertical movements with rhythmi-
cal character took place in the Cretaceous and Paleogene ; they are indi-
cated by the recurring lithological sequences of the flysch facies. This
rhythmicity could be explained also by the turbidity currents.

The configuration of the flysch area showed, along its evolution,
uplifted or sunk parts that controlled the sedimentation of some geological
formations. Thus it is worth mentioning the existence of some periodical
cordillieras. The basin was divided more strongly especially after the
Savian and Styrian phases. The absence of the coal and evaporites in the
Cretaceous and Paleogene indicate that the sedimentation took place in
an open sea. On the contrary, the great thickness and facies variations,
the presence of the coal, anhydrites and salt rocks, of the molasse deposits
in general, in the Neogene, point to the basin division and silting.

The formation of cordillieras, barriers and shoulders influenced the
facies of some Cretaceous and Tertiary deposits. From this point of view,
it is worth remembering that the Oligocene sequences of dysodile, menilite
schists and bituminous marls as well as other similar Aquitanian, Tortonian
and Sarmatian sequences that, by their petrographic and geochemical
characteristics, suggest euxinic deposition environment in waters devoid
of current circulation. One should also bear in mind the fact that at the
end of the Paleogene and Miocene cycles, in the Burdigalian and Tor-
tonian, respectively, the emmersion of the depression area started by the
cordilliera, crest and shoulder zones which led to the basin division and
to the appearence of lagoons, where the evaporites deposited. The lagoons
covered, as a rule, the syncline zones and were separated from the forming
anticlines.

If the oscillating movements influenced the thickness and facies of
the sedimentary formations, it should be underlined that the main factor
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determining the nappe structure and the detail arrangement of the beds
and which also lends a characteristic feature to the region, is the platform
underpushing process associated with the plicative movements. The latter
took place during several Alpine orogenesis phases. Of course the plicative
movements did not have the same intensity in time and space. Generally
speaking, the Cretaceous diastrophism phases were more strongly felt in
the internal flysch sector and in the Getic Depression. In the rest of the
flysch zone and in the foredeep the tectonic movements culminated in the
Savian, New Styrian and Attian phases. The succession of the folding
phases and the effect of the latter were synthetized and presented in several
papers among which those belonging to Stille (1933), Grigoras
(1961), Dumitrescu, Sdndulescu (1968) ete.

According to a relatively recent paper (Dumitrescu, Sin-
dulescu, 1968), within the area delimited by the Crystalline-Mesozoic
zone and the foreland units were felt the movements of the Alpine cycle,
which correspond to the Austrian (Meso-Cretaceous), Subhercinian, Lara-
mian, Old Styrian, New Styrian, Moldavian, Attian and Wallachian. The
main movements that determined the formation of the present Carpathian
structure might be grouped into two periods: one corresponds to the
Middle and Upper Cretaceous generating the Dacides (Internides) and
may be named the paroxysmal Dacidic (Internidic) period; the other
corresponds to the Lower and Middle Miocene, when the Moldavides
(Externides) formed, and may be called the Moldavidic (Externidic)
paroxysmal period.

The Old Austrian phase (the end of the Aptian) is noticed in the
South Carpathians and in the East Carpathian Crystalline-Mesozoic zone.

The Austrian or Meso-Cretaceous phase (between the Albian and
the Cenomanian) determined the thrust of the Maramures central crystal-
line massif over the Flysch zone.

The Laramian phase (the end of the Cretaceous) achieves the major
structure of the Dacides. During this phase formed the Ceahliu (West-
Internal) and Getic nappes overlying even Senonian deposits.

The Savian phase manifested in the Upper Oligocene-Aquitanian by
movements determining the appearence of the Burdigalian saltlagoonal
facies. After this phase the Carpathian domain extended outwards by
its foredeep, south of the Béicoi-Moreni-Suta Seacd-Slitioarele-Pitesti-
Ticleni line.

The overthrust of the East-Internal (the curbicortical flysch) and
Audia (the black shales) units took place in the Old Styrian phase
(Burdigalian-Helvetian).

The movements during the New Styrian (the end of the Helvetian)
and even intra-Tortonian phases led to the formation of the important
Tarciu (medio-marginal) and marginal (external) nappes. It was then
that the Upper Helvetian-Tortonian bituminous-saliferous facies appeared.

After the period corresponding to the Moldavides (the New Styrian
phase) formed the big depressions (the Transylvanian Depression, the
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Pannonian Depression) that take part to the structure of the Carpathian
system (Dumitrescu, Sindulescu, 1968).

The Moldavian (Stille, 1953) or Attian (intra-Sarmatian) phase
leads to the tectonic relations along the Pericarpathian line and the
latter’s western equivalent, namely the Bibegti-Tinosu fault.

The Wallachian phases, located in the Pleistocene, is responsible
for the folding of the Cindesti gravels, the uplift of the Pericarpathian
zone and the Pliocene lake silting. It constituted a very important diastro-
phic phase for the Romanian territory but it had a predominantly vertical
(positive) character.

The diastrophic phases can be followed especially in the marginal
zones of the sedimentation areas, where they better materialized by succes-
sive advances or retirements of the marine waters.

The Burdigalian and Tortonian salt rocks played an important
structural-genetic part in the evolution of this region not only in the Mio-
Pliocene subzone between the Buziu and the Dimbovita (called also
“the diapir fold zone”) but also in the other subzones. Thus the Burdi-
galian salt seems to have functioned as sliding in the overthrust fold for-
mation in the external unit of the Paleogene flysch. The wells identified
diapir folds in various evolution stages west of the Dimbovifa, namely
at Sufa Seacs, Dragomiregti, Slitioarele, Pitesti ete.

The predominantly and continuously uplifted position of the folds
with salt cores constituted ‘‘calling centers” for the hydrocarbons that
were generated in the depressed adjacent zones.

According to the recent conception, which seems to be supported
also by recent seismic data, the salt as well as the whole Miocene molasse
in the Carpathian basement zone accumulated especially in the synclinores
formed by the Paleogene deposits. As the plicative movements determined
the uplift of the old anticlines, the salt molasse slid and deposited on the
bottom of the synclines where it formed diapir folds. But this hypothesis
has to be supported by new data, such as those obtained in 1974.

4. Conditions of Genesis, Aecumulation and Preservation of
Hydroearhons

In the course of the geological history of the flysch and Carpathian
Foredeep zone, a mostly terrigene, thick cover of deposits accumulated ;
it consists of clays, marls, sands, sandstones, conglomerates and limestone
sequences. Within this strong sedimentary cover there are reservoir rocks,
protecting compact formations and pelitic rocks, possibly hydrocarbon-so-
urce rocks. The geological and industrial activity developed 120 years al-
ready proved the petroleum-gas potential of the Paleogene and Neogene
deposits pointing out and turning to account numerous commercial depo-
sits. Consequently, the recent geological studies have been directed mostly
to the determination of the trapping conditions.

Referring to the reservoir rocks, the Paleogene, Miocene and Pliocene
rocks, developed in the zone of the Paleogene flysch and in the foredeep,
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therefore where they are associated with the cover rocks, are of a great
importance.

The researches carried out some years ago with a view to determining
the petroleum output of different formations in the flysch zone established
that the gritty intercalations of the black shale series (presumed source
rocks) cannot be considered reservoir rocks, as their porosity is of maximum
3.8 per cent and permeability of 0—2.45 mD.

The Eocene of the medio-marginal unit, developed in the Tarciu
facies, presents banks of massive sandstone with average porosities of
12 per cent and permeabilities of 24 mD. Locally (at Ursei) the values of
the physical parameters reach 20 per cent and 215 mD respectively.
However, towards the exterior of the units, that is in the sense of the
gradual substitution of the sandstones with limestones and marly limes-
tones, the reservoir qualities of the Tarciu Eocene deteriorate.

The Oligocene includes reservoir rocks both in the Fusaru facies and
especially in the Kliwa facies. During this period, the strong arenitic
supplies, which led to the formation of the sandstone sequences (sometimes
magsive) with reservoir properties, alternated all the time with pelitic
deposits in bituminous facies. In the Krosno-Fusaru facies, the sandstones
had porosities of 2—17.6 per cent, whilst the permeabilities do not
exceed 1 mD. Locally, the supply, however, can be ensured by fracturing
permeability. In the Kliwa sandstone facies, there are three main terms
with sandstone and microconglomerate beds, as follows : the Lucécegti
sandstone horizon, the Kliwa sandstone horizon, and the transition horizon.
In certain sectors important psamitic sequences are pointed out in other
terms, too, which develop in a predominantly pelitic facies : the white
marl horizon, the lower menilite and dysodile horizon, and the upper meni-
lite and dysodile horizon (the super-Kliwa complex, in the base of the last).
In the medio-marginal unit, the Kliwa Oligocene reservoirs have poro-
sities of 10 —12 per cent and permeabilities of 2—60 mD. Much higher
values, 30 per cent and 215 mD, have been found at Botesti (the Getic
Depression). The Oligocene in the external unit frequently presents average
porosities of 14 per cent and permeabilities of 1—100 mD. In the Carpa-
thian bending zone, the values of the physical parameters are small ; in
the zone of the Vileni-Bugtenari spur they increase substantially, the
porosity reaching 30 per cent and the permeability 1,300 mD.

The Burdigalian-Helvetian is also one of the members where the
granular rocks with reservoir properties are strongly developed in the whole
Carpathian Foredeep. Generally speaking, it may be said that the physical
parameters of the Burdigalian-Helvetian reservoirs are characterized by
reduced values in Moldavia and the eastern part of Muntenia and higher
and higher values to the west, up to Ticleni (in Oltenia). Thus, the Burdi-
galian microconglomerates have porosities of 6.3—22.5 per cent, whilst
the basal Helvetian sandstones and sands present values varying from 5
to 30 per cent for porosity and from 0 to 2,500 mD for permeability.

In the Comanesti basin and south of the Trotus, up to the Danube,
reservoir rocks with good physical properties are apt to be found in the
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Buglovian-Sarmatian, too. The thickness of the Buglovian-Sarmatian
sandstones and sands varies within wide limits, from 2—3 m to 105 m,
according to the conditions of deposition and the intensity of the pre-
Meotian denudation. The physical properties, the permeability and poro-
sity respectively, seem to improve from the east to the west, as shown
by the extreme values of 10—30 per cent and 16—668 mD.

The Meotian helds an important place among the formations with
reservoir rocks, from the Carpathian bending zone up to the Danube.
In the eastern part of the Mio-Pliocene subzone (Berca), the Meotian total
thickness reaches about 700 m (Fig. 8, 9). It includes sands and sandstones
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Fig. 8. — Correlation on the IE-W direction of the electric log diagraph, belonging to the Mcotian
interval in the Mio-Pliocene subzore.

grouped into two complexes which totalize 27 beds. To the west, the Meo-
tian thickness is continuously reduced, so that at Boldesti it has
300—400 m ; the sands are grouped into three complexes, called M I, M
int. and M II. The same thickness and reservoir grouping is found at
Moreni-Gura Ocnitei, where M III corresponds, in fact, to the complex M IT
at Bélcoi. From here up to the meridian Ochiuri-Rizvad westwards, the
Meotian thickness decreases gradually so that in the maximum elevation
zone of the Pitesti-Sldtioarele anticlinorium this substage does not ocecur.
However, it has been pointed .out on the flanks of the anticlinorium. To
the west, up to Oltenia, the Meotian reaches again 400 m in thickness.
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The reservoirs of this substage have porosities of 8—40 per cent and
permeabilities of 2—3,500 mD.

The Pontian consists of psamitic intercalations, particularly in the
Carpathian bending zone where it proved to be productive just as west
of the Dimbovita, on the Vata and Slitioarele structures.
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Fig. 9. — Correlation on the N~ S direction of the electric log diagraph, belonging
to the Meotian interval in the Mio-Pliocene subzone.

The Dacian offers numerous sandstone and sand beds, those located
in the base having better conditions of protection. In their zone of upmost
interest (Moreni), the Dacian reservoirs have been grouped into the com-
plexes Drider, Moreni, group II, and group I (Fig. 10). The values of
the Dacian sand porosities do not substantially exceed those of the older
formations, namely 20—40 per cent, and the permeability is 0.1 —412 mD.

The Levantine also includes numerous sandy sequences which,
however, are protected by impermeable covers only in places.

The Eocene, Oligocene, Miocene and Pliocene reservoirs are surroun-
ded by horizons made up of compact rocks which can form protecting
covers. Thus, the Eocene sandstones are overlain by the Plopu beds and
the Luc#icesti sandstone horizon is overlain by the horizon of the bitu-
minous, white marls and the lower menilites ; the Kliwa sandstone horizon
and the super-Kliwa complex are overlain by the menilite and the upper
dysodile horizon; the transition horizon is overlain by the deposits of
the medio-marginal nappe. The Burdigalian microconglomerates, the
Tescani beds sandstones and, locally, those of the Cimpeni series are
assigned to the pelitic horizons of the respective formations, followed by
the mostly pelitic, Helvetian grey series. In the absence of the latter, the
protecting cover can be formed by the Tortonian evaporites or directly
by the Meotian and Pontian marls. Screens with local or regional deve-
lopments are apt to be found in the Sarmatian, as well. The reservoirs in
the Pliocene base are always protected by the Meotian marly horizon as
well as by the almost pelitic Pontian. In the Dacian, the impermeable
cover is represented by the marly-clayey complex but, as mentioned before,
they are tight only on limited areas, as in the Levantine.
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With regard to the hydrocarbon source rocks, the black shales and
the Streiu beds have to be mentioned firstly. Older source formations are
not out of question but against the stratigraphic and structural background
of the Paleogene flysch and of the foredeep, further discussion would be
purely theoretical. According to the recent studies, the black shales are
characterized by an organic carbon content of about 0.67—3.12 per cent,
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on an average of 1.7 per cent, a total sulphur up to 1 per cent, the Trask
reducing power of 1 per cent, as well as by a hydrocarbon content of
74.9—572 p p m. In the pelitic intercalations of the Tarciu gritty series,
the organic carbon does not exceed 0.03—0.19 per cent. It is worth men-
tioning that neither in the Kiosno-Fusaru beds, nor in the Bisericani beds
there are better geochemical indices.

Almost all the Romanian and foreign geologists, who dealt in one
way or another with the petroliferous problems of the Carpathian flysch
and foredeep, consider that the Oligocene pelitic horizons in the Kliwa
sandstone facies, the bituminous, white marls respectively, the lower
and upper menilites and dysodiles constitute source rocks. These premises
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have been confirmed by the results of the subsequent geochemical analyses,
rendered in Table 2.

At first, the Aquitanian was considered the main source formation
in the Neogene zone. The minute studies carried out later pointed out
that, due to the reduced volume of bituminous rocks, the Aquitanian
had only a secondary contribution to the formation of the hydrocarbon
deposits.

The Helvetian pelites of the grey upper series can be included among
the mother rocks. They contain 0.06—0.65 per cent organic carbon, the
Trask reducing power is 0.35 per cent, and the content in soluble organic
matter is of 0.37 per cent. Nickel and vanadium are also present. Besides
the above-mentioned pelites, one has to consider the Radiolarian shale
horizon of the Tortonian constituted of schistose, bituminous clays,
similar, from the petrographic and geochemical point of view, to the Oli-
gocene dysodile schists.

The question of the origin of the Pliocene hydrocarbons seems to
have been cleared up by the complex analyses and studies carried out
recently (Antomn, 1973), according to which the petroleum and gas
of the Meotian, Pontian and Dacian occur in the source formations.
The main geochemical indices of the Meotian, Pontian and Dacian are
given in Table 2.

The studies on the temperature distribution in the basement of the
structural units of interest for hydrocarbons (Paraschiv, Cris-
tian, 1976) show that, within the zone of the Carpathian flysch and
foredeep, the geothermal gradient exceeds the normal value, being situated
between 3.5—5° C/100 m. Most of the deposits are placed between the
curves of 3.5—4.5° C/100 m. Temperature seems to increase towards the
margins of the region as the metamorphic basement rises, therefore simul-
taneously with the reduction of the thickness of the sedimentary deposits.

The relatively high values of the temperature gradient and the ther-
mal effect of the tangential and halokinetic movements constituted a
background favourable for the hydrocarbon generation, migration and
accumulation.

The waters associated to petroleum and gas, found in the bore-holes,
have different characteristics according to the geological formation, the
depth and the paleogeographic evclution of the respective region. As
a result, in the East Carpathian flysch and the Carpathian Foredeep there
are all kinds of waters, from waters pointing to a stabilized hydrodynamic
regime (chlorocalcic, chloromagnesian) and to infiltration waters (sulphate-
sodic and bicarbonate-sodic).

The chlorosodic waters, with mineralizations of 25—180 g/l, predo-
minate in the Neogene flysch zone. Bicarbonate-sodic waters have been
pointed out near by the half-windows or in the Sarmatian of the Comé-
nesti basin.

In the Miocene subzone of the foredeep, where the deposits are
well protected, there are only chlorocalcic waters with mineralizations
of 50—230 g/l
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TA

Resulls of the geochemical analyses carried

(according to

Forma- Lithologic Organic Bitumen Bitumen 1| Hydrocar-
tion charac’?er carbon Al c1 Asphaltenes bons?
Dacjan | Clayey marls 0.09—0.30 | 0.01—0.06 | 0.01—0.05 6—10 3042
Marls 0.50—0.98 0.02—0.14 | 0.01—0.05 8—27 20—65
Pontian | Marly clays 0.45—0.74 | 0.03—0.46 | 0.01—0.02 16 —26 3660
Limy 0.29—0.39 0.02—0.03 | 0.02—0.03 10—15 2532
Siltstones
Marls 0.35—0.50 | 0.05—-0.08 | 0.02—0.04 10—15 43—61
Meotian | Clayey marls 0.31—-095 | 0.02—0.06 | 0.01—0.04 4—3.0 3037
Marls and
marly silts- 0.341—1.04 0.03—0.05| 0.01—0.02 25—26 28— 74
tones
Marly silts- 0.25—1.4 | 0.06—0.08 | 0.01—0.02 6—27 53—68
tones
Clays 0.36—~2.50 | 0.03—1.98 | 0.01—0.50 12.3--48.0 32.2--62.8
!
. i Limy and
Olige- | golomite 0.15—7.65 0.02—0.75 ; 0.02—0.37 10.9—42.5 31.8-60.8
cene argillites
Siliceous 0.10—2.25 0.01—0.25 | 0.01—0.06 3.5—38.6 30.0—~64.0
siltstones

1, per cent; 2, milligrams oxide/100 g rock.

The Mio-Pliocene subzone, intensely fragmented tectonically, con-
tains all types of water particularly in the northern (internal) part. The
chlorocalciec waters are the most frequent ones. The mineralization varies
from 5 to 200 g/l in the Dacian, from 70 to 115 g/l in the Pontian, from 9
to 350 g/l in the Meotian, from 31 to 242 g/l in the Sarmatian, and from
130 to 300 g/l in the Helvetian.

In the Getic Depression all types of water oceur but the bicarbonate-
sodic and sulphato-sodic waters have a much more reduced share as

compared with the Mio-Pliocene subzone.
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BLE 2
out on Pliocene and Oligocene rocks
S. Anlon)
Total S Total
Nonhydro- —_ = . 5 -
carbz)rnsl S from Fe CRo? CRm?* I'rask pH
sulphates FeOt
45 54 9.01-0.06 4755 | 049-6.49 | 2.50—2.60 | 0.25—0.70
55 B.01—0.06 Y .49—6. 2.50—2.6 .25—0. 8.6
0.04—0.12 } 4.65—6.3
96 — - — —0.92 -
26—73 0.01—0.18 1393 0.28—1.77 1.19—-3.61 0.30—0.92 8.4—8.5
0.01—-0.08 4.3—5.6
2] __r r— — _—
33—~ 593 0.01—0.08 19923 0.39-3.18 1.69--3.18 0.69—0.97 8.5
0.04—0.06 4.1--4.9 .
46 —59 0.02—0.04 555 1.7—29 3—34 0.40—0.50 8.6
o 0.07—0.10 2.5—3.2
9550 006=008 | T3-15 | 1-30—4.5 28-5.3 | 030-1.40 | 86
0.02—0.07 6.34—8.56
5367 0.01—0.08 | 35-37 | 1.72—248 | 0.72—1.26 | 0.18—0.56 | 9.7—8.8
0.07—0.14 | 4.4-7.4
235 ~65 0.01—0.09 1.8—-2.6 1.86-—3.60 1.35—2.68 0.75—1.21 8.7—8.9
) - 0.08—0.12 1.68—3.79
3745 0.01-0.06 13—-16 1.12—3.12 2,40—4.08 0.40—0.67 8.3—8.6
0.06—5.73 | 2.91-8.96
33.8—-64.9 0.01=0.74 0.3-3 1.15—18.62 | 0.65—11.80 | 0.39—4 2.7—9.7
e o 0.08 —4.60 1.6—5.8 ) o= . . B
37.9-63.8 0085 0.03—0.7 0.38—12.88 | 0.25—14.70 1.5—3.5 7.1—9.7
e oo | 0.02—2.18 | 0.91-6.10 . N )
33.0—-67.5 0—0.19 0.03—0.38 0.52—11.20] 0.11—12.96 1—4.8 4.5—-9.2

5. Hydrocarbon Deposits

In the area delimited by the Crystalline-Mesozoic zone and the Fore-
land petroleum and gas deposits are apt to be found both in the Paleogene
flysch zone and in the Carpathian Foredeep.

a) Paleogene Flysch Zone. With the exception of accumulations of
a less importance the deposits of the Paleogene flysch zone are grouped

in the Tazldu-Moinesti-Slidnic zone,

delimited by the Tazliul Mare

Valley to the north and by the Casin Valley to the south. Here, the pro-
ductive structures occur in the external unit, the medio-marginal unit
and the Cominesti basin. Among them, the external unit includes the most
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important hydrocarbon aceumulations. In this unit, the bituminous, white
marls, the Oligocene dysodiles and menilites are considered the main
source rocks. The reservoirs are represented by the Lucicesti sandstone,
the Kliwa sandstone, the transition horizon, and less by the horizons
of the bituminous, white marls, the lower and upper menilites. The
productive structures occur as normal and overthrust folds disposed in
parallels and trending from the north to the south. The medio-marginal
nappe, when not eroded, constitutes a very good cover for the accumu-
lations of the external unit Oligocene.

The study of the deposit distribution between the Bistrita and the
Sldnic-Oituz half-windows (Fig. 11) indicates that they appear along six,

Fig. 11. — Distribution of hydrocarbon
deposils in the Paleogene flysch zone and
in the Miocene subzone in Moldavia.
1, Geamitna; 2, Gropile lui Zaharache;
3, Chilii 'W; 4, Tasbuga,; 5, Toporu-
Chilii; 6, Arsila; 7, Zemes-Cilioaia;
8, Foale-Moinesti; 9, Uture-Moinesti
town; 10, Cucueti; 11, Mihoc; 12, Fru-
moasa ; 13, Tazliul Mare ; 14, Comiinesti ;
15, Visiesti ; 16, Darmédnesti W ; 17, Dof-
tenita; 18, Pédcurila; 19, Dofteana-
Bogata ; 20, Sldnic-Ferdstrdu; 21 Cer-
dac; 22, Slinic-B4ii ; 23, Lepsa ; 24, Ghe-
linta 25, Ojdula; 26, Cimpeni; 27,
Tescani ; 28, Casin ; 29, Cimpuri.
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major alignments: I, Geam&na; II, Gropile lui Zaharache, Chilii W,
Tasbuga ; IIT, Toporu-Chilii-Cilioaia W ; IV, Zemes-Cilioaia, Moinesti W ;
V, Arsita, Foale-Tazldu-Moinesti, Viasiegti; VI, Tazldul Mare, Mihoe,
Cucueti, Solont-Moinesti town, Vasiesti.

The above-mentioned productive structures, situated between the
Bistrita half-window to the north and the Oituz-Sldnic to the south, could
also be classified, according to their mode of concentration around the
major uplift zones, into two accumulations subzones. The former corres-
ponds to the southern margin of the Bistrifa half-window where the
deposits Geamina, Gropile lui Zaharache, Chilii W, Tagbuga, Toporu,
Arsita, Zemes, Foale, Moinesti, Moinegti-Solont, Cucueti, Mihoc, Frumoasa
and Tazldul Mare have been found under the marginal nappe. The latter is
situated on the northern margin of the Oituz-Slinic half-window and
includes the accumulations Slinic-Béi, Cerdac, Slanic-Ferdstriu, Dofteana-
Bogata, Pacurita and Doftenifa (Fig. 11). Between these two uplift zones
there is the Cominesti Sarmatian basin which overlies both the para-
utochthon and the medio-marginal unit. Within this basin, the petroleum
is produced by. the Coménesti, Visiesti and Dirménesti W structural
elements. South of the Sldnic-Oituz half-window appears the Lepsa accu-
mulation. West of the above-mentioned productive subzones, also within
the external unit, petroleum and gas deposits have been pointed out at
Ghelinfa and Ojdula fields.

In the Moldavian petroliferous region, hydrocarbon accumulations
of a less importance have been found in the medio-marginal unit in the
Zemesy, Geamiana, Comdnesti, Visiesti, Pdcurifa and Dofteana-Bogata
structures. They occur in the Eocene Tarciu sandstones, the Luc#cesti
sandstone (Podei), as well as in the Oligocene Kliwa sandstones (Dof-
teana-Bogata).

Petroleum and gas deposits of a less importance are also found on
some structures in the Eocene and Oligocene of the flysch zone in Muntenia,
at Cédtiasu, Posesti, Virfuri-Visinesti, Cosminele, etc.

The objectives of interest in the external unit in the nappe or in
the Miocene of the Coménesti basin are sometimes productive within the
same structural elements and form common deposits. Therefore, the review
of the petroleum and gas deposits should begin with the structures of the
external unit as about 90 per cent of the hydrocarbon volume is found in
the Oligocene of the before-mentioned unit.

The Geamdna structure (1, Fig. 11) represents the northernmost oil
field in the Tazldu-Sldnic sector of the Moldavian Paleogene flysch. The
numerous wells drilled here first crossed the medio-marginal nappe and
then penetrated the Miocene, Oligocene and XEocene of the external
unit. The Lower Eocene covers the facies of the Doamna beds and the
Upper Eocene that of the Bisericani beds. The Oligocene develops in the
normal succession, being constituted (from bottom to top) of the Lucicegti
sandstone, the lower menilites and the bituminous white marls, the lower
dysodiles, the Kliwa sandstone, the upper dysodiles and menilites, as well
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as the Gura Soimuluni beds (the transition horizon). The Miocene is repre-
sented by the salt formation.

The Geamina structural element has a shape of an overthrust fold,
trending N—S with a deviation to the E. At the same time, this fold is
affected by a lot of transversal and longitudinal faults which divide it
into more than 40 tectonic blocks (Fig. 12).

Fig. 12. — Geological section through the Geamina S-Zemes W
structure (according to I. Matei).

The saturated reservoirs consist of sandstones belonging to the Kliwa
horizon, the transition horizon (the ‘‘super-Kliwa” term inclusively) and
the nappe Eocene, the last one at the contact with the Oligocene pro-
ductive complexes. The traps are of the structural or mixed type (strati-
graphic-structural) ; the deposits can be massive, stratiform or tecto-
nically screened.

The thickness of the saturated sandstones varies from 1.3 to 85.9 m,
the average porosity of various sandy horizons is of 14—25 per cent, the
permeability (the fissural permeability inclusively) of about 25 mD, the
initial pressure 77 kgf/fcm? and the saturation pressure 67 kgf/em? The
petroleum specific gravity is 0.830 kgf/dm® in the transition horizon.

The Gropile lui Zaharache structure (2, Fig. 11), situated south of the
Bistrita half-window, is delimited by the Geamina scale to the west
and by the Toporu anticline to the east. The existence of this struocture,
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as well as of the other folds and overthrust folds with hydrocarbons, has
been established by means of the deep-drillings, starting from the tectonic
style, the frequency and direction of the folds found in half-windows where
the external unit outcrops.

The stratigraphic sequence under the medio-marginal nappe, with
small variations of facies and thickness, is common to all the structures
of the external unit :

— the horizon of the Lucécesti sandstone, 25—30 m thick ;

— the horizon of the white marls and lower menilites (20—80 m),
with intercalations of dysodiles and hard siliceous sandstones ;

— the horizon of the lower dysodiles, 30—100 m thick ;

— the horizon of the Kliwa sandstone 210-—-350 m thick, consisting
of an alternation of white or white-rusty siliceous sandstones and dyso-
dile schists;

— the horizon of the upper dysodiles and menilites (60 —80 m), with
sandstone intercalations ;

— the transition horizon, constituted of microconglomerates, limy,
siliceous sandstones (the Kliwa type), clays and dysodiles. The horizon
has variable thicknesses probably due to the pre-Tortonian erosion.

The Gropile lui Zaharache structure occurs as an asymmetrical
anticline, striking N—8 and overthrust to the east. The western flank
of this anticline is overthrust by the Geam&na scale. This structure is
crossed by numerous transversal and longitudinal faults. Along the faults
trending N—S8, it is worth mentioning the one in the eastern flanlk, along
which the axial zone overthrusts the eastern syncline as well as the
fault that separates the axial zone from the rest of the western flank.

The hydrocarbon accumulations are located in the transition horizon,
the horizon of the upper dysodiles as well as the horizon of the Kliwa sand-
stone, in the eastern zone. In the western zone, yield the ‘‘hard series’ and
the ‘sandy series’, probable equivalents of the transition horizon. In
the horizon of the Kliwa sandstone (block E;) one can notice free gas
accumulations. The other objectives of interest yield petroleum and gas
from depths varying from one block to another.

The main parameters of the rocks with reservoir properties are cha-
racterized by the average values, as follows : porosity 6—13 per cent, per-
meability 0.1—18.4 mD, connate water saturation 35—40 per cent. The
minimum values of porosity and permeability are specific to the hard
series, whilst the maximum values, to the Kliwa sandstone. The initial
pressure gradient of the deposit is of 8.3 kgf/em?/100 m, and the tempe-
rature gradient of 3.5°C/100 m. The lithological and structural factors
(variation of porosity and permeability) contributed to the formation of
the traps in this zone.

The Chilii W articline (3, Fig. 11) belongs to the same structural
alignment as the Gropile lui Zaharache scale, the former being located
south of the latter.

In the stratigraphic sequence one can notice the reduction of the
thickness up to the disappearance of the transition horizon and even of
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the Kliwa sandstone in the southern part of the fold, probably as a result
of the erosion preceding the emplacement of the medio-marginal nappe.

The structure represents an asymmetric anticline, with an eastern
vergence, which overthrusts the Toporu fold along a longitudinal fault.
Transversely, it has been pointed out the presence of at least four faults
which divide the structure into four blocks.

The bore-holes drilled at Chilii W indicated hydrocarbon accumu-
lations in the Lucdcesti sandstone, the white marls, the Kliwa sandstone
and the transition horizon, where the last two terms are to be found.
According to the exploitation data, it seems that the four productive
horizons constitute two distinet hydrodynamie units ; the former corres-
ponds to the Luc#cesti sandstone and the white marls and the latter to
the Kliwa sandstones and the transition horizon. The reservoirs belonging
to the lower hydrodynamic unit contain petroleum and dissolved gas,
whilst those pertaining to the upper hydrodynamic unit, petroleum with
primary gas cap. The traps are of the structural type and only to a less
extent of the mixed type (structural-stratigraphic).

The really saturated thickness of the productive horizons varies
from 7.5 to 77.7 m. The average porosity is of 14.2 per cent, except the
transition horizon which has 10 per cent. The connate water saturation
reaches 40 per cent in the transition horizon and 35 per cent in the other
complexes. The factor of the volume reduction is 1.12, the petroleum
specific gravity 0.872 kgf/dm?, and the initial pressure 100 kgf/cm?.

The Tagbuga structure (4, Fig. 11) develops south of the Chilii W
anticline, within the same alignment, which starts from Gropile lui
Zaharache.

In the stratigraphic sequence of the external units the Oligocene is
sometimes missing, so that, due probably to the erosion preceding the
formation of the medio-marginal nappe, the Eocene of this unit contacts
directly the Eocene of the par-autochthon.

The te