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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.



ROMANIAN OIL AND GAS FIELDS 27

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
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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).

NE

/_/_A_.__—.J

[

Im

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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