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In memoriam
GRIGORE POP
(1935-2000)

La 30 ianuarie 2000 (in ziua Sfintilor Trei Terarhi: Vasile, Grigore gi loan) comunitatea geologic
romaneasca pierdea pe unul dintre cel mai straluciti reprezentanti ai generatiei sale: geologul Dp. Grigore
Pop, cercetitor stiingific principal la Institutul Geologic al Romaniel.

Nascut la 23 noiembrie 18935 in Albestii Bistritel (judetul Bistrita-Nisaud), Grigore, al treilea din cei
patru copii al familiel Pop, va inscrie in analele stiintelor geologice numele mostenit de la tatdl sdu, gospodar
de frunte al satulul g diacon la biserica.

Pop Grigore al lui Grigore (cum 1l numeste primul sdu invatator din localitatea natald) a absolvit gim-
naziul la Teaca i Scoala Pedagogica la Nisiud (o scoald vestitd in aceastd parte a Transilvaniel), obtinand
diploma de mvatator in 1953. Rezultatele foarte bune la invi{iiturd gi inclinatia pentru stiintele naturii il de-
terming si urmeze cursurile universitare la Facultatea de Geologie-Geogralfie {sectia Geologie) a Universitatii
Bucuresti, pe care le absolvd cu succes in 1958,

Remarcat inci de pe bancile facultatil de c¢atre profesori pentru aptitudinile sale pentru cercetare, este
repartizat in acelasi an la nou infiintatul Institut de Geologie si Geografie al Academiel R.P.R. In figa sa
de atestare dupd primul an de activitate, mentorul sau Prof. Grigore Riileanu consemneazi: ”aptitudinile
sale lasd s& se intrevadd o frumoass posibilitate de dezvoltare”. In caracterizarea ficutd mai tarziu (1967)
de Prof. Virgil lanovici (directorul institutului), m vederea promovirii in functia de cercetator stiiniific
principal, Grigore Pop este apreciat ca ”... un cercetdator minutios care igi organizeaza in mod eficient munca
de cercetare si are un orizont stiintific bine conturatl”.

Seriositatea pregitirii sale este remarcati foarte repede, astfel ¢ incd din primii ani de cercetare semneazi
lucriri stiintifice impreuni cu personalititi geologice de prestigiu precum: Acad. Mircea Savul, profesor
la Universitatea din lasi {cu care publici prima sa lucrare in 1962), Prof. Acad. Alexandru Codarcea,
pregecintele Comitetulul Geologic, Prof. Dr. Grigore Raileanu, directorul Institutului Geologic etc.

Incepand din 1970 (anul fuziondrii 1.G.G. al Academiei cu Institutul Geologic al Comitetului de Stat al
(Geologiel) gi pand la sfargitul vieii geologul Grigore Pop si-a desfagurat activitatea in cadrul Institutului
Geologic al Romaniei, ajungand datoriti calitatilor sale, a pasiunii §i a sacrificiilor, un specialist de marca
ce a ficut cinste institutului, geologiel romanegt: g1 {aril.

In 14 martie 1973 obtine titlul de doctor in geologie cu teza de doctorat intitulati " Depozitele mezozoice
din muntii Vilcan”, aviandu-l conducitor stiintific pe eruditul geolog si exigentul profesor care era Acad.
George Murgeanu. Tiparitd in acelagi an in editura Academiei R.S.R. teza sa devine o lucrare de referinta
pentru regiunea studiati.

Activitatea stiintificd efectuatid timp de 42 ani fard intrerupere a fost consacratd cu precidere studiului
formatiunilor paleozoice si mezozoice, precum si resurselor minerale asociate (cirbuni, bauxita, minereuri de
fier, calcare, dolomite etc) de pe teritoriul {érii, din Cuba si din Madagascar.

La curent cu progresele gtiinfifice mondiale in domeniul terenurilor sedimentare, pregitirea sa poliva-
lent# ii permite s& abordeze cu ugurin{i probleme de petrologie sedimentara, litostratigrafie, biostratigrafie,
paleontologie, tectonici i gitologie pe care le rezolva exemplar.

In anul 1970 (11 aprilie-7 iulie) a studiat petrografia si microfaciesurile unor formatiuni carbonatice
jurasice si cretacice din provinciile Pinar del Rio gi Las Villas (Cuba) conform protecolului de colaborare
dintre Academia R.S.R. g1 Academia de Stiinte din Cuba, publicandu-si o parte din rezultatele stiin{ifice.

In perioada 1 noiembrie 1975-31 decembrie 1978 Dr. Grigore Pop a lucrat in R.D. Madagascar in calitate
de expert telnic al Programului Nagiunilor Unite pentru Dezvoltare (PNUD), in prolectul ”Studiu asupra
Industriei Petroliere si asupra Resurselor Miniere”, efectuand studii geologice, prospectiuni si exploriri in
ariile a dou# zdciminte de fier (Bekisopa si Betioky). Si de aceastd datd rezultatele stiingifice cele mai
importante apar publicate in reviste de specialitate. 5 :

In domeniul petrologiei sedimentare a efectuat studii asupra unor formatiuni siliciclastice si carbonatice
de diverse varste. Au fost cercetate formatiuni siliciclastice marine (de tip preflig, flig, olistostroma, molasé)
si continentale (de tip "red beds”, Gresten) din Carpatii Meridionali (Panza Geticd, Domeniul Danubian,
Unitatea de Severin) gi din Madagascar. Studiile asupra formafiunilor carbonalice, in special mezozoice (care
au constituit o preocupare permanentd), au avut in vedere atat faciesurile platformelor carbonatice, cat si

- depozitele bazinale (fie de origine pelagici, fie turbiditicd). Astfel, depozitele carbonatice de tip platforma
au fost cercetate in Domeniul Danubian extern, Panza Geticd, unititile de Bihor si Vilani ale Apusenilor
de Nord si in Dobrogea. Depozitele carbonatice bazinale (s.s.) au fost studiate in domeniul Getic (zonele
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Regita, Hateg), Domeniul Danublan intern (Unitdtile de Sirinia, Dubova si Herculane), in unele unitéti
central est-carpatice, Klippele Pienine (de la Poiana Botizel), Unitatea de Severin s in cateva unititi din
Cuba. Au fost abordate, de asemecnea, aspectele sedimentologice si litogenetice ale depozitelor pe baza
cirora s-au interpretal paleomediile de sedimentare si evolugia acestora sub influenta factorilor tectonici si
paleogeografici.

In domeniul biostratigrafiei efectueazi studii complexe de datare biocronologicii si corelare a formatiunilor
sedimentare jurasic superioare-cretacic infericare pe bazi de calpionele, calcisfere, foraminifere gi alte orga-
nisme fosile.

Un loc important in preocupdrile lui l-au avut cercetarile asupra calplonelelor, pentru care face o
adevarata pasiune. Incepe prin a studia cele mai reprezentative secfiuni geologice in depozitele carbonatice
(bazinale) tithonic-neocomicne cu calpionele din Romaénia precum si cdteva sectiuni din Cuba gi Spania
(Cordiliera Beticd)., Cunoagte practic tot ce s-a scris despre acest misterios grup fosil de ciliate gi impatimit
1 dedicd multe mii de ore de examen microscopic, ajungand astfel unul dintre cel mal apreciati specialisti in
calpronele din lume.

Rezultatele cercetiirilor sale In acest domeniu constau in elaborarea unei scheme de biozonare de inalta
rezolutie (fig. 1) - bazatd pe evenimente evolutive {filogenetice) - ¢i in importante contributii de ordin
Laxonomic,

In cadrul acestui grup de 'organisme planctonice, considerat bine cunoscut, creeazi 8 genuri noi gi 13
specii nol. Acestea sunt: Preecalpionellites PoP, 1986; P. murgeanu: (Pop 1974); P. sirianensis Pop, 1986;
Remanaella filipcscui Por, 1994; R. borzai Por, 1994; R. duranddelgai Pop, 1996; R. colomi Pop, 1996; R.
catalanot Pop, 1996 (din familia Calpionellidae) si Dobeniella Pop, 1997; Longicollaria Por, 1997; Borziella
Pop, 1997; Almagjella Pop, 1998 (nom. nov. pentru Cubanella Por, 1997); Aninella PoP, 1998 (nom. nov.
pentru Cylindrella Pop, 1997); Carpathella Popr, 1998; Daciclla Popr, 1998; Chitinoidella elongata PoP,
1997; Carpathelly rumanica PoP, 1998; Daciella banatica Por, 1998; D. admajica Popr, 1998; D. danubica
Por, 1998; D). swintfensis Pop, 1998 (din familia Chitinoidellidae). Prin acesti taxoni de calpionele numele
lui Grigore Pop devine nemuritor pentru stiinta. '

Rezultatele de ordin petrologic, paleontologic si stratigrafic obtinute 1-au permis cunoagterea mai avansati
a unor evenimente geologice cu caracter local, regional sau global privind conditiile de sedimentare, schimbaérile
relative ale nivelulul marin gi dinamica crustald. Analiza megasecventelor sedimentare pe baza acestor date,
aldturi de observatiile asupra aspectelor deformationale, relatiilor stratigrafice gi tectonice, a fost favorabild
interpretdril mal aprofundate a evolutiel bazinelor de sedimentare. Astfel de studii au avut drept rezultat
evidenticrea unor noi unitéfi tectonice cum sunt Unitalea de Ilovifa in cadrul Panzel Getice gi unitatile
laramice de Dubova si de Herculane in Domeniul Danubian.

Ridicarile geologice, insotind majoritatea studiilor efectuate, au fost legate in principal de programul de
elaborare a Harti Geologice a Roméniel scara 1:50000, la care dr. Grigore Pop a contribuit prin redactarea
a 14 foi de hartd din Carpatii Meridionali g1 Dobrogea de Sud. =

A coordonat gi a colaborat la studii cu caracter economic asupra unor resurse minerale (cirbuni, bauxita,
calcare, dolomite) de pe teritoriul tarii, in vederea evaluarii potentialului lor economic si a masurilor necesare
pentru protectia patrimoniulul mineral nagional.

" In decursul timpului desfHsoard si o bogat activitate stiingifici internationald legati de programele unor
arupurl de lueru (pentru limita Jurasic-Cretacic, pentru limita Kimmeridgian-Tithonic si pentru limitele
Valanginianului) §i de proiectele IGCP 262 - Corelarea Cretacicului Tethysian si IGCP 362 - Corelarea
Cretaciculul Tethysian si Boreal.

Participa la numeroase reuniuni gtiintifice internationale organizate in fari sau in striinitate, unde
lucrdrile prezentate de el se bucurd de aprecieri elogioase.

Din 1981 pand in 1989 s-a ocupat de redactarea Buletinului de informatii stiiniifice si tehnlce al Comisici
mginerilor si tehnicignilor din [.G.G. Tot din anul 1981, dr. Grigore Pop face parte din Comitetul de redactie
al stitutului, devenind editorul gtiintific al revistei " Romanian Journal of Stratigraphy” editati de I.G.R

Dr. Grigore Pop a fost multi ani referent de specialitate la revista ” Geologica Carpathica” (Bratislava),
ultima solicitare de avizare a unei lucrari privind calpionellidele din Albania sosindu-i dupi deces. Iata
reactia D-nei Eva Chorvatova - managing editor al revistej - la aflarea tristei vesti; ”Dr. Grigore Pop was a
favour referce of our journal for his professional and prompt reviews. We shall be missing him” (24.VII1.2000}.

Rezultatele sale stiintifice sunt consemnate in 57 de lucriri publicate in tard si in strainitate, in cele

14 foi [6 tiparite g1 8 machete) ale Hargii Geologice a Romaniei scara 1:50 000 si in peste 100 de rapoarte
geologice existente in arhivele Institutului Geologic al Romaniei (Fondul Geologic), Institutului de Geologie
al Academiei de $tiinte din Cuba, Serviciului Geologic din Madagascar gi ale PNUD (New York).
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Fig. Biozonarea Tithonic-Neocomianului pe bazi de Praecalpionellidae si Calpionelidae (Pop, 1997}
Grigore Pop lasd pentru posteritate o operi durabili, edificatd cu perseverenti i intuitie. Prin disparitia
sa prematurd, geologia romaneascd devine mai siraci, iar cei ce l-au cunoscut pierd un prieten sincer §i un
coleg respectat pentru calitétile sale de om g1 de cercetitor talentat.

Dr. Anatol Rusu
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DATE INEDITE ASUPRA PANZEI-SOLZ DE NICULITEL

Elena MIRAUTA - CONTESCU
1300 Adams Avenue Apt. 3H, Costa Mesa, California 92626

Key words: Tectonics. Triassic. North Dobrogea

Abstract: New data concerning the Niculitel thrust-fold {North-Dobrogea). An at-
tempt to interpret the unpublished geological map (O. Mirdutd), elaborated during
1965-1966, shows that the North Dobrogean Niculitel thrust-fold can be subdivided
in three subunits: the inner subunit contains limestones ({llyrian - Upper Fassanian},
basalts (Bithynian - Pelsonian) and sandstones (Norian); the outer subunit, with
Lower to Upper Triassic sediments, includes basalts {Lower Bithynian)} and sand-
stones (Norian); the middle, shally subunit (Upper Ladinian to Upper Norian), here
named the Coasta Hill Formation. :

In cuprinsul panzei-solz de Niculitel se pot separa trel subzone (subunittl) intre care existd raporturi
tectonice.

A. Subgzona interni se caracterizeazd prin:

a) prezenta, in baza succesiunii litologice, a Stratelor de lzvoarele (Ang - Ld?;);

) prezenta, la limita Ladinian inferior - Ladinian superior, a unor corpuri bazaltice, denumite ”bazalte
superioare de Niculilel”. Ele contin enclave sincrone de calcare in faciesul pelagic rogu, cu ameniti la nivelul
Bithynian - Pelsonian;

¢} prezenta Gresiei de Alba, transgresiva si discordantd peste diverst termeni litelogicl, inferiori ca varsta;
local, ea sti peste sisturi silicifiate, cu calcare pelagice norian supericare. In general, gresia descrie anticlinale
g1 sinclinale normale.

B. Subzona externi se caracterizeazi prin:

a) continuitate de sedimentare din Triasicul inferior pand in Norian (probabil);

b) prezenta "bazaltelor inferioare de Niculitel” care includ enclave sincrone de calcare in faciesul calcarelor
cu cherturi la nivelul Bithynian-Pelsonian; '

¢} prezenta Gresiel de Alba in continuitate de sedimentare, avand in bazid calcare carnian superioare §i
urcand, probabil, in Norian. In general, gresia apare in sinclinale deversate spre NE sau N.

C. Subzona mediani se caracterizeazd prin prezenta predominantd a faciesului gistos, intens cutat, cu
nivele de calcare cu varste cuprinse intre Ladinianul superior i Norianul superior; faciesul grezos de la partea
terminald ar putea reveni Rhaetianului. Am denumit aceastd secventd predominant gistoasd ”Formatiunea
de Dealul Coasta”.

Pozitia acestor trei subzone / subunitati si raporturile dintre ele sunt urmétoarele:

Subzona extern# apare in fruntea Panzei-solz de Niculitel, in partea ei nordici gi nord-estici, unde este
mult avansatd peste Panza de Tulcea (Promontoriul Isaccea, Dealul Meseaua Rosie, Dealul Sarica, Dealul
Chilizbag).

Subzona interni se afli la vest de cea externd gi este paraleld cu ea. Subzona internd incalecd peste cea
externii, avand in baza secventel Strate de Izvoarele care apar fie in anticlinale deversate spre NE, fie ca
flane normal al acestor anticlinale. Contactul tectonic dintre cele doud subzone are loc fie (1) intre bazaltele
superioare de Niculitel (situate deasupra Stratelor de lzvoarele) din subzona internd gi Gresia de Alba (in
sinclinale deversate) din subzona externi; fie (2) intre stratele de Izvoarele (din subzona internd) si Gresia
de Alba (din subzona externa).

Subzona externa dispare la S de Dealul Chilizbas.

Subzona mediani apare la zi in axul unui anticlinal deversat spre NE in valea dintre Dealul Piatra Edirlen
si Dealul Chilizbag, Aici apar cele trei subzone in pozitia pe care o definesc: la W, subzona interné, la E
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cea externa, la mijloe, intre ele, subzona mediani. Spre 5, in urma disparitiel subzonel externe, in fruntea
Panzei-solz de Niculitel g1 in contact tectonic cu formatiunile Panzei de Tulcea de la E, rAmane Formatiunea
de Dealul Coasta din subzona mediand. Din anticlinalul deversat spre NE se mai pistreazi, spre S (Dealul
Cartalu - Muchia Verde §i Dealul Cricman, apoi Dealul Caracus gi Bujor) numai flancul normal, vestic, care
intra sub Stratele de lzvoarele din baza subzonel interne, Este posibil ca si in Dealul Coasta Formatiunea
de Dealul Coasta si descrie tot un ax de anticlinal deversat spre NE. Aceastd formatiune, cu directii ale
stratelor N-5, NW-SE sau NE-SW, deci conforme cu cele care caracterizeazd Péanza-solz de Niculitel, este
afectatd de cutdrile E-W ale depozitelor jurasice din Panza de Tulcea. Ea apare gi in axul unui anticlinal de
vale situat intre Dealul Coasta §i Dealul Caracug, in timp ce Gresia de Alba din cele doui d(‘ahm '1pa1(‘ in
sinclinale suspendate.

Este posibil ca Formatiunea de Dealul Coasta si fi servit ca lubrifiant pentru avansarea spre E a Pinzei-
solz de Niculitel (?7) sau numai a subzonei interne, ceea ce ar explica cutarea ei intensi. Este posibil, de
asemenea, ca sl ea si fi fost antrenatd in avansarea spre E, incileciand deci peste formatiunile Panzm cle
Tulcea.

Apartenenta solzului Ghel Tepe este mai dificil de stabilit. Faptul ci el include o succesiune litologici
relativ continué de la Triasicul inferior la Carnianul inferior (cu filamente gi influxuri de Gresie de Alba)
ne-ar determina sa-l atribuim subzonel externe. Absenta bazaltelor infericare de Niculitel - reduse la filoane
bazice in calcarele spathiene - precum gi aspectul calcarelor pelsoniene leagi acest solz de Panza de Tulcea.

Indiferent de apartenenta lui, depozitele care il constituie definesc, in E, un anticlinal cu axul N-S care
e tdlat, la N, de linia de incilecare care il margineste; la W depozitele de pe flancul vestic al anticlinalului
intﬁ sub Formatiunea de Dealul Coasta din subzona mediand care se interpune astfel intre subzona interna

e la W si solzul Ghel Tepe, de la E.

Lucrarea de fald reprezinta o incercare de interpretare a hartii geologice elaboratd de O. '\/Iudugd in 1965
51 1966. Accastd interpretare se bazeazi pe datele continute in caietele de teren ale lui O. Mirdutd si pe
datele de varstd furnizate mal ales de asociatiile de conodonte (Elena Mirdutd) dar si foraminifere (Doina
Gheorghian) gi macrofaund (Magdalena JTordan), studiate in deceniile 70 si 80. Conceptia lui O. Mirdud
privind structura in panze a Dobrogei de Nord este ilustratd de facsimilul aldturat, care redi o sectiune
geologic 1potetici, desenatd pe un caiet de teren, in toamna anului 1966,

Multumesc colegelor mele, precum gi Dr. K. Budurov pentru sprijinul pe care mi l-au dat in obtinerea
acestor date de varsti.
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AMMONITE ASSEMBLAGES OF THE ECLEJA FORMATION
(NORTHERN APUSENI MTS, ROMANIA)

Emil AVRAM, Sever BORDEA, Ion COCIUBA

Institutul Geologic al Romaniei, str. Caransecbeg nr. 1, RO-79678 Bucuresti 32

Radu HUZA
11 Calugéireni St., Bl. V4, sc. C, ap. 34, RO-3700 Oradea

Ion PREDA

Universitatea Bucuresti, Facultatea de Geologie §i Geofizicd, Bd. Balcescu 1, RO-70111 Bucuresti.

Key words: Biostatigraphy. Ammonites. Lower Cretaceous. Ecleja Formation.
Pidurea Craiului, Bihor Mts.

Abstract: The Ecleja Formation is here accepted as it has been emmended by Bordea
et al. (1986), 1. e. as containing four members, as follows (from bottom to top):
{1} gray marlstones and dark spathic, organoclastic limestones; (2) marlstones and
siltstones, with gray and black limestone interbeds; (3) "the median limestone with
pachyodonts”; (4) once more marls and marly siltstones. All the ammonites recorded
so far from this formation are revised and commented. These ammonités come from
15 fossiliferous sites, located in the PAdurea Craiului Mts (14) and in the Bihor Massif
(1 of them). They point to the uppermost Bedoulian (sensu Erba, 1996, 1. e. including
the Furcata Zone) - Upper Gargasian, in places even lowermost Clansayesian age of the
members 142 (supra). Moreover, they argue for a condensed sedimentation during the
uppermost Bedoulian and lowermest -Gargasian (the Martinoides Zone) in the whole
region. Besides, some new data concerning the ranges of some ammonite genera
have been documented, and three new species have been proposed: Tozoceratoides
stefanescui n. sp., Mathoceras istocescuin. sp. and M. leymerielliforme n. sp.

1. Imtroduction

The age of the marly-silty and bioconstructed calcareous succession, lying on the ”lower limestone with-

pachyodonts”, known as ”Ecleja Formation” and largely exposed in the Padurea Craiului Mts and in the
Bihor Massif (Northern Apuseni Mts, Fig. 1), was successively considered Neocomian (Preda, 1963) or
Aptian (Patrulius et al,, 1968, Istocescu, 1970; Istocescu et al., 1970; Istocescu, Bordea, 1970; Bordea et al.,
1986), and restricted later to the Middle-Upper Aptian (Patrulius et al., 1982).
" This paper takes into consideration all the ammonites gathered from these strata in the whole Bihor
structural unit, in the Padurea Craiului Mts (by 1. Preda, D. Istocescu, 5. Bordea, E. Avram, M. Stefanescu)
and in the Bihor Mts (by R. Huza). Only the Aptian ammonite published by Manea, Chivu (1973}, and
the Upper Albian fossils announced by Fisch (1924) are lacking: the former of themwas destroyed in the
" carthquake from 1977 and the latter are not preserved in Romanian repositories and, probably, were found
in the next in succession lithostratigraphic unit, namely "the glauconitic sandstone complex”. Up to now,
the Ecleja Formation deposits offered no ammonite remains in the Vilani Nappe of the Padurea Craiului
Mts, so they are out of this paper subject. . ; :

The largest exposures of the formation are in the central and western part of the Padurea Craiului Mts
(Fig. 1 A), in the Fasca-Varciorog area and southwards (the Rau Valley basin, including its tributaries -
the Copilu, Urzicaru and Rogojele valleys; the Vida/Blajul Valley springs; the Vasii and Magura valleys
basins). In the Bihor Massif it crops out only in the left slope of the Galbena Valley (Fig. 1 B), but is also
developed westwards, in subsurface {under the Ferice and Ariegeni nappes successions), where it was met in
the Julesti gallery.
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Varul Hill

Fig. 1 - Sketch map of the Ecleja Formation exposures in the Pidurea Craiului Mts (A) and in the Bihor Massif

(B) {after 5. Bordea, J. Bordea and G. Mantea, unpublished). 1, Quaternary and Neogene deposits; 2, Codru Nappe

system: a= Finis Nappe, b=Ferice nappe, c=Ariegeni nappe; 3, post-Aptian deposits; 4, Ecleja Formation (a=the

middle limestone with pachyodonts); 5, pre-Upper Bedoulian deposits; 6, lithostratigraphic boundary; 7, unconformity;
8, fault; 9, overthrust; 10, fossiliferous site.

The authors’ contributions to the present paper are, as follows: S. Bordea realized the regional strati-
graphic framework, in places with I. Cociuba’s assistance; all the authors have put in common their fossils
gathered from the Ecleja Formation; and E. Avram identified and revised the ammonite species of these
fossils. ;
A special contribution to this paper was carried out, by their rich collections of fossils, by two other
colleagues: Dr. Mihai Stefinescu, and the late colleague and friend Dr. Dumitru Istocescu; two new species
described here below, devoted to these colleagues, underline their help in the accomplishment of the present
study.

Almost all the fossils presented below are housed in visitable collections: a large part of them - in
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the Geologic Museum of the Geological Institute of Romania, Bucharest (IG P); some other - in the Cluj
University repository {CU); and some - in the " Crigurilor” Museum {CM), in Oradea.

2. The Ecleja Formation as a lithostratigraphic unit

The first mention in literature of the rock-sequence subsequently defined as " Ecleja Formation” belongs
to Fisch (1924) who recognized in the Lower Cretaceous deposits succession exposed north of the Dobresgti
locality a ”lower group of gray marls and marlstones, followed by a calcareous group”, which correspond,
more or less, to the formation here discussed.

The name of the Fcleja Formation was introduced by Patrulius (Patmllus et al., 1968), who considered
it as being built of ”a 700-800 m thick succession of marls and marly-siltstones, its base being made up of
organoclastic marly limestones; it is followed by a second, thick bed of gray limestones, rich in pachyodonts”.

Later, a breccia ("the Gugu breccia”) was recognized immediately below the marly /siltstone succession,
proving the transgressive position of the succession above the underlying limestone (Patrulius et al., 1982).
Finally, Bordea et al. (1986) proved the real position of the second level of bioconstructed limestones (so
called ”the median limestone with pachyodonts”) as being included in the upper part of the formation, but
not constituting its top. This position is obvious in the Réau, Copilu, Urzicari and Rogojel valleys (in the
western part of the Padurea Craiului Mts), where the uppermost part of the Ecleja Formation, developed
above the middle limestone with pachyodonts, is still preserved.

Thus, as accepted by the last authors (supra), the Ecleja Formation is constituted of some 800 m thick
succession, including four members:

(1) A 5 to 24 m thick succession of gray marlstones and dark spathic, organoclastic limestones, in places
fossiliferous (with uppermost Lower Aptian ammonites).

(2) A thick (500-800 m) alternance of marls, marlstones and siltstones, with interbeds up to 10 m thick of-
light gray or black, bedded limestones. The former of these limestones are rich in miliolids and also contain
rare pachyodonts; locally, they are involved in the whole thickness of the formation.

(3) The median limestone with pachyodonts, developed in the upper third of the formation in almost the
whole region, and reaching up to 200 m thickness in the Urzicari and Copilu valleys area. It was considered
by the first researchers of the region (Patrulius et al., 1968; Istocescu, Bordea, 1970; Patrulius, in Ianovici
et al., 1976) as an independent lithostratigraphic unit, next in succession to the Ecleja Formation.

(4) A marly and marly-siltstone succession, with thin sandstone interbeds. It is developed in only two
restricted areas: round the Poiana Hill (on the watershed between the Copilu and Urzicari valleys), and in
the eastern end of the Varu Hill.

In the Bihor Massif, the Ecleja Formation is exposed discontinuously, along the left slope of the Galbena
Valley (Fig.1 B), where it is built up of gray /rusty marls, marlstones, siltstones and sandstones, completely
deprived of calcareous interbeds.

3. The fossiliferous sites

The fossiliferous sites displaying ammonites are far more frequent in the Pidurea Craiului Mts, by
comparison to the Bihor Massif, in relation with the larger exposures of the Ecleja Formation in the fozmer
of these regions. They are situated (Fig. 1 A), from north to south, as follows:

Site 1: on the right slope of the Babei Valley, some 700 m downstream its source in the Varu Hill (large
outerop shown by Istocescu et al., 1970, in their map and exposing a continuous succession from the Upper
Bedoulian up to the ?Middle Gargasian). The ammonites were gathered by the cited authors at several
levels, unfortunately without any possibility to restore now their bed-by-bed biostratigraphy. Nevertheless,
at least two assemblages seem to be superposed:

- in the lower part of the succession - Dufrenoyia cf. discoidalis CasEY (a fragment from Istocescu’s coll.,
no. IG P 19182 = Pl. II, Fig. 4), D. notha CASEY (same collection, IG P 19180 = PL II, Fig. 10), and
Dufrenoyia sp. (cf. D. subfurcata KASANSKY; same collection, IG P 19181 = PL II, Fig. 11);

"~ in the upper part of the succession - Pseudocrioceratites cf. pseudoelegans EGOIAN (Bordea’s coll., IG P
119166 = Pl. 1, Fig. 1), Ammonitoceras aff. lahuseni SINzow (same collection, IG P 19167 = PL. II, Fig. 3),
Tonohamites sp. ex gr. T. limbatus CASEY (Istocescu’s coll., IG P 19173 = PL. 1, Fig. 9), Ancyloceras ¥ sp.
(a young fragment displaying lateral ribbing similar to that of Epancyloceras coguand: (MATHERON), same
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collection, 1G: P 19171 = PL II, Fig. 2), Simionescites ¢ sp. (a tuberculated helix only; same collection, 1G
P 19172 = P1. [, Fig. 3), Cheloniceras cf. mackesont CASEY (a single, mature half-whorl, with dense ribbing
and convex unsulcate venter; same collection, IG P 19178), Colombiceras (C.} tobleri discoidalis SINZOW
(same collection, IG P 19176 = PL III, Fig. 4), Colombiceras (C.}sp. (a crushed specimen; same collection
IG P 19177). Mathoceras cf. sucre RENZ (same collection; IG P 19183 = PL III, fig. 13}, M. tstocescu n,

AVRAM (same collection, 1G P 19184-19185 = PL. 11l Figs. 9-11), M. leymerielliforme n. sp. AvRaMm
{same collection; IG P 19186 = P1. III, fig. 12}, Mathoceras ¢ sp. (deprived of any lateral tubexrcle; same
collection, TG P 19187 = P1. 11, fig. 14), Epicheloniceras sp. aff. E. martint (D" ORBIGNY) (same collection,
IG P 19179 = PIL. 11, Fig. 13), Uhligella ? cf. clansayense JacoB (same collection, IG P 19189 = PL TII,
Fig. 24; specimen labeled as coming [rom the "north-west of the Varu Hill”, but much younger in age Llld.i
the other species of the assemblage).

Site 2: on the Hotar Valley, some 600 m upstream the mouth of its tributary on the right, or 450 m below
the Varu Hill summit {of Uppermost Gargasian ? - Clansayesian age; also noted by Istocescu et al., 1970,
on their map). The ammonite content is: Holcophylloceras cf. kiliani (SAYN) (a small, smooth example,
with typical constrictions; Avram’s coll., IG P 19197), Tetragonites ? sp. cf. T. heterosulcatus ANTHULA
(same collection, IG P 19198 = Pl. I, Fig. 1), Tonohamites ¥ cf. aequicingulatus (v. KOENEN) (strange late
oeeurrence of an uncoiled, equally ribbed, ventrally tuberculated fragment; same collection, IG P 19199 =
Pl. I, Tig. 10), Acrioceras sp. ind. (same collection, IG P 19200 = Pl. I, Fig. 4), Hypacanthoplites cf. uhligi
(ANTHULA) {a crushed specimen preserving its right side, from the same collection, IG P 19201 = PL. 1III,
Fig. 15; besides, a fragment from Istocescu’s collection, IG P 19196), Uhligella ? sp. (a very fragmentary
example, Avram’s collection, IG P 19202). '

Site 3: on the right tributary of the Hotar Valley, 215 m upstream its mouth. Only a fragmentary and
wrongly preserved specimen of Acanthohoplites sp. (Avram’s cell., IG P 19203) was 1dentified; it prove the
Upper Gargasian age.

Site 4: on the same valley, 160 m upstream the site 3, but dislocated {(Upper Gargasian or Lower
Clansayesian in age). There were identified: Acanthohoplites cf. bigourett SINZOW non SEUNES (Avram’s

- collection, IG P 19204 = Pl. 1III, fig. 18), A. bigoti levicostatus EGOIAN (a crushed young specimen,
comparable to that figured by Egolan, 1969, on his Pl. XII, Figs. 5a-c; from the same collection, IG P
19205 = P1. 111, fig. 19}, Acanthohoplites sp. (a fragmentary individual and three very small examples, early
loosing their lateral tubercles; same collection, IG P 19206). ]

Site 5: on the Rau Valley, 400 m downstream the Pestis Valley mouth (Upper Gargasian). It yielded
the species: Tonohamites 7 sp. (a very incomplete and crushed specimen, from Istocescu’s collection, IG P
19192), Acanthohoplites sp. (small, stressed specimens, [rom the same collection, IG P 19191 = PL III Fig.
20}, A. cf. aschiltaensis (ANTHULA) (same collection, IG P 19190 = PL. TII, T‘lg 16), Saenmartinoceras ?
(Sinzowia -?) sp. (a very small, widely umbilicate specimen, with only a beginning of typical ornamentation,
comparable to that of 5. (S.) stolleyi CASEY; same collection, IG P 19193= PI. III, fig. 21).

- Site 6: in the left bank of the Surducel Valley, 250 m upstream its mouth. Only Colombiceras (C.) sp.
(from Cociuba’s collection, CU 23235) supported a Galo‘a:,ian age.

Site 7: in the left bank of the Pestisel Valley (small tributary of the Pestis Valley downstream its
confluence with the Urzicaru Valley). Its Gargasian age is proved only by a spec:lmen of C‘offombzmms {C.)
sp. [Cociuba’s collection, CU7 232386).

Site 8: on the ridge on the left of the Mnierii \fa,]]e\ 600 m bouth of the upper boundary of the spathic
limestone (saddle on the crest, with two roads). There, Helicancylus ¢ sp. (very fragmentary; Avram’s
oll., IG P 19209}, Simionescites sp. (only the end of a phragmocone, with subtriangle-shaped whorl section
and fine, dense ribbing starting from periumbilical tubercles; same collection, IG P 19210}, Uhligella ? sp.
(a complete, but very crushed example; same collection, IG P 19213 = PL. III, Fig. 25), Colombiceras
(C.} sp. .(young individual, displaying rare main ribs, trifurcate from the lateral tubercles, and numerous
intercalatories, then ribbing becoming uniform, tubercleless from a relatively small diameter; same collection,
IG P 19211 = PL. 111, fig. 8), Acanthohoplites sp. aff. A. bigoti levicostata EGOIAN (a very crushed and
deformed specimen, bearing fine, dense ribs; same collection, IG P 19212 = PL. III, Fig. 17) argue for the
(Gargasian age, t0o. ' . :

Site 9: on the Cublesu Valley, 1 km upstream the Blajul Valley mouth. This site yiclded only a
Parahoplites sp. (Bordea’s coll., IG P 19169), proving the Gargasian age.

Site 10: several outcrops on the Vasii Valley, some 250 m upstream the Migurii Valley and on its
watlershed to the latter. They expose the lowermost fossiliferous level of the formation, immediately above
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the lower limestone with pachyodents'. There, the ammonite assemblage is indicative for the uppertiost
Bedoulian-lowermost Gargasian interval: Holcophylloceras sp. (asingle, very deformed specimien. displaying 8
constrictions on the outer whorl and relatively rare ribs, projected on venter like in H. guettardi (I ORBIGNY)
figured by Anthula, 1899, in PL. IV, Tigs. Ha-b: Preda’s coll.,, TG P 19218), Phyllocerus s. 1. sp. (crushed
large examples; Bordea's coll., IG P 19158: Cociuba and Bucur’s coll.. OU 23237), Folctragonites sp. [a very
deformed specimen: Preda’s coll., 1G P 19219 = Pl. [, Tg. 2), Toroceratoides stefaneseni n. sp. AViaal
{three specimens from Jtefanescu’s and Avram’s coll., 1G P 19153 = PL I, Fig. 7, and 19214 = Pl 1
Mg, 6, respectively). Helicancylus aequicostatus [GABB) (several fragmentary individuals, from Stefanescu s,
Preda’s and Cocinba’s collections, nos 1G P 19152, 1922) = PL 1, Figs. 12, 13, and CU 23238, respectively).
Acrioveras sp. ex gr. A, sarasini SARKAR (a {ragmentary specimen; Stefinescu’s coll., IG P 19151 = P°I.
I. Fig. 5), Dufrenoyia sp. (large, indeterminable examples [rom Avram’s, and Cociuba and Bucur’s colls.,
nos G P 19216 and CU 23239, respectively), D. cf. lurensis (KiL1aN) (fragmentary; Cociuba and Bueur's
coll., CU 23240 = P 11, Fig. 5), Colombiceras (C.) cl. tobleri (JacoB & ToBLER) {Cociuba and Bucur's
coll., CU 23241), €. (C.) cf. tobleri discoidalis (SInzow) (Bordea's coll., IG P 19161 = Pl. III, Fig. 3).
C. (C.) cl. subpeltoceratoides (SINZOW) (six incomplete specimens, from Preda’s, Bordea’s and Stefinescu’s
colls., IG P 19222 = PL. III, Fig. 5, 19160 = PL III, Fig. 6 and 19154, respectively), Colombiceras {(.)
sp. (Bordea’s coll., 1G P.19162), C. {Egoianiceras) cf. multicostatum AVRAM (five specimens, from Bordea’s
and Preda’s colls.. IG P 19163 and 19223, respectively), Pseudohaploceras of. matheroni (D’ORBIGNY) (a
single speciimen, Avram’s coll., IG P 19217 = Pl. 111, fig. 23), Pscudohaploceras sp. [fragmentary examples
from Bordea's. Clocluba and Bucur’s, and also Preda’s colls.. nos. 1G P 19165, CU 23942 and 1G P 10245,
respectively), Cheloniceras sp. (very crushed example from Bordea’s and Preda’s colls.. 14 P 19164 and
19224).

Site 11: on asmall tributary of the Magurii Valley. at the same level as the site 10. It vielded the species:
Helicancylus of . acquicostatus (GABB) and Hamiticeras cf. pilsbryi ANDERSON, both from Stefinescu’s coll.
{1 P 19155 and 19156 = PL. 1, Fig. 11, respectively). of the lowermost Gargasian age.

Site 12: on the Runc valley. T'wo outcrops, very near each other, in the middle course of the valley offerec:
Eoletragonites sp. (very crushed), Tozoceratoides cf. royerianus (D'ORBIGNY) (fragmentary), Colombiceras
() sinzowt (Kasansky), Celombiceras (C.}sp., Cheloniveras of. proteus Casey (all in Cociuba’s coll., (U
23243, CU 23244 = PL L, Fig. 8, CU 23245 = PL. [l Fig. 2, CU 23246 and CU 23247 = PL. 11, Fig. 1,
respectively), proving the uppermost Bedoulian and lowermost Gargasian age.

Site 13: west of Ponita Peak, between the Runc and Mariel valleys springs. There, Cociuba recorded
the species: Dufrenoyia sp. (a small, fragmentary mould, no. CU 23252) and Colombiceras (Fgoianiceras)
cl. mullecostatum AVRAM {(no. CU 23248), at the Bedoulian-Gargasian boundary.

Site 14: in the Osiel Hill, near the Coposeni village. The Gargasian age of that exposure is documented
by the species: Cheloniceras sp. (small and fragmentary, no CU 23249), Aconeceras of. nissus (D ORBIGNY)
{small, with relatively wide umbilicus; no. CU 23250 = PL 111, fig. 22), both in Cociuba’s collection.

In the north-western areal of the Bihor Massif [Fig. 1 B) a single fossiliferons site (15) was idendificd.
on the left slope of the (Galbena valley, some 450 m NW of its confluence with the Seaca Valley. There, the
ammonite species (all collected by R. Huza): Macroscaphiles of. yvani striabisulcatus (D'OrBrany) (M
20759}, Dufrenoyea cf. Iurensis (KILIAN) (CM 20761). D. cf. nothe CASEY (CM 20764-207686 = P1. 11, Fig.
6). D.el. scafata Casey (CM 20763 = PL II, Iig. 7). D. praedufrenoyi CAsey (CM 20767 and 20769
= Pl. TI. Figs. &, 9), Cheloniceras f. quadrarium Casey (CM 20758 = Pl 11, Tig. 12), Colombiceras
{Egotanicoras) of multicostatum Avram (CM 20762 = Pl 1T1, Fig. 7) prove the uppermost Bedoulian-
lowermost (zargasian age. As mentioned above, the only ammonite previously recorded from this site by
Manvea, Chiva {1973}, Cheloniceras cornuelianum (1) ORBIGNY), was destroved.

4. Biostratigraphy

Almost all the ammonites recorded and published previously from the Ecleja Formation, by Preda {1963).
Patrulins et al. {1968). Istocescu et al. (1970) and Patrulius et al. {1982) coustitute the object of the present
revision: consequently, the biostratigraphic conclusions now grow belter these papers mferences.

On the other hand, it is to note that a large part of the ammonites are voung or dwarfish and ernshed.
so that they could be identified only with caution: moreover, in at least one case (Site 1) the common list
of fossils, filled in after the main collector (D. 1.) death, made nmpossible a correct restoration ol the faunal

LAfter one of the authors (I €.} this limestone is in fact the median limestone with pachiodonts,
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succession. For these reascns, the comments here below are based on the stratigraphic range of only the
amnmonite genera.

Lowermost in succession is the fossiliferous site 10, where the presence of the Dufrenoyia representatives
18 indicative for the zone with D. furcata (SOWERBY) (= Bowerbanki Zone by Casey, 1961), at the top of the
Bedoulian substage, sensu Erba (1996). The most important fact of this assemblage is the association, in the
basal sequence, no thicker than 2-3 m, of the last Tozoceratoides with species of Dufrenoyia, Colombiceras
(C.) (Egoianiceras) and Helicancylus, last genera being considered in literature as newer {Drushchits, Ku-
drjavcew, 1960; Casey, 1961-1965; Avram, 1974; Demay, Thomel, 1986). This fact proves that the bottom
of the Ecleja Formation is condensed, including both the Furcata Zone and a part of the Lower (fargasian
Martinoides Zone.

The same sequence was recognized, especially by the presence of Dufrenoyia species, in the fossiliferous
sites 1 (lower part), 13 and 7 12, while in site 15 the assemblage Dufrenoyia-Colombiceras (C.) and C.
(Egoianiceras) of the site 10 is found again.

Site 1 introduced in the Romanian literature the genus Mathoceras, the range of which is Gargasian (the
Martinoides Zone) in Venezuela (fide Renz, 1978), but also Clansayesian (the Nolani and Jacobi zones) in
Bulgaria (fide Stoykova, 1990). In Romania, its association with Colombiceras (C.), Ammonitoceras and
especially with Epicheloniceras argues the first age (supra). In the same assemblage one fact is also o be
signaled: the presence in association of some species of the genera Pseudocrioceratites (described from the
Clansayesian successions of Caucasus by Egoian, 1969, but also present in the Albian assemblages of the
Sinai Peninsula published by Douville, 1916, and also in the Barremian and Lower Bedoulian of Romania
- unpublished data), Simionescites (described form the Barremian-Bedoulian boundary beds in Caucasus.
and in Romania) and Tonohamites ? (in fact straight fragments of shaft, similar but not identical to it; the
known range of the genus being Upper Barremian-lowermost Aptian).

In the site 14, the assemblage Aconeceras and Cheloniceras leads to a comparable age, 1. e. approximately
the Furcata Zone of the uppermost Bedoulian.

Sites 3,4, 5, 8, 9, by the common presence of the Acanthohoplites/Parahoplites representatives are located
above, in the Gargasian or even in the lowermost Clansayesian; by their position below the middle limestone
with pachyodonts, they establish the new stage of the lower part of the Ecleja Formation {member 2 on page
9).

Finally, site 2 is Clansayesian in age as proved by Hypacanthoplites; there, the presence of some Tono-
hamates ? representatives lets us suppose the existence all along the Aptian stage of some uncoiled ammonites
displaying blunt and simple ribbing, referable to or, at least, comparable to this genus.

5. Conclusions

The Ecleja Formation is accepted here as it was emended by Bordea et al. (1986), i. e. to include
both the median limestone with pachyodonts and the upper marly and siltstone succession, beside the basal
marlstone-limestone sequence and the main member, of marls, marlstones and siltstones.

The ammonite assemblages point to its Upper Bedoulian (sensu Erba, 1996)-Clansayesian age; all these
ammonites were yielded by the lower part of the formation, below the middle limestone with pachyodonts.

A new species of the genus Tozoceratoides: 1. stefanescuin. sp., and two species of the genus Mathoceras:
M. istocescui n. sp. and M. leymerielliforme n. sp. were identified and described. In addition, new data
concerning the range of some amimonite genera were documented: the presence of Tonohamites (or a similar
genus) across almost the whole Middle and Upper Aptian; the presence of Pseudocrioceratites in the Middle
Aptian. Finally, the presence of Colombiceras (C.) - C. (Egoianiceras) and Helicancylus in the beds with
Dufrenoyia is a proof that the base of formation is condensed.

6. Systematics

Family Ancyloceratidae MEEK, 1876
Genus Tozoceratoides SPaTH, 1924
Toroceratoides stefanescui n. sp. AVRAM
Pl. I, Figs. 6a-b, 7

Holotypus: the specimen figured in Pl. I, Fig. 7 (Stefinescu’s coll., IG P 19153).
Derwatio nominis: in honour of the colleague Dr. Mihai Stefinescu, renowned Romanian geologist and
structuralist. :
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Locus typicus: left slope of the Vasii Valley, immediately above the Migurii Valley mouth (site 10, supra).

Stratum typicum: bottom of the Ecleja Formation, Dufrenoyia furcata Zone of the Lower Aptian.

Malerial: the holotype and two other specimens (Avram’s coll., IG P 19214 = Pl. I, Figs. 6 a-b), all
recorded in the same stratigraphical interval. _

Description. Although very crushed, the specimens here described are apart from all the other species of
the genus by evolution of their ornamentation: on the shaft with strong trituberculate, slightly prorsiradiate
main ribs (with septate tubercles) and 2-5 thin intercalatories in between (thus resembling the species Ancy-
loceras matheronianum (D’ ORBIGNY)), but on the bend and the hook with single, equal, slightly rursiradiate
ribs only. deprived of tubercles except rare and discontinuous rib-thickenings at the base of the flanks. The
aperture Is equipped with a constriction, bordered by two ribs stronger than usual. The holotype illustrates
the rapid grow of the shaft, like in the typical species of the genus.

Family Deshayesitidae STOYANOW, 1949
Subfam'ily Mathoceratinaec CASEY, 1964
{(incl. Venezuellinae KVANTALIANI, 1980)
Genus Mathoceras CASEY, 1964
Mathoceras istocescui n. sp. AVRAM
PL III, Figs. 9, 10, 11

Holotypus: the specimen figured in Pl. III, Fig. 9 (Istocescu’s coll., IG P 19184).

Derivatio nominis: in the memory of the late colleague Dr. Dumitru Istocescu, one of the first explorers
of the Ecleja Formation.

Locus typicus: the Padurea Craiului Mts in site 1 (supra).

Stratum typicum: Middle Aptian, in the Ecleja Formation.

Material: three fragmentary and oblique compressed examples, all recorded in the same fossiliferous site
and level (IG P 19184, 19185).

Description. The holotype preserves almost half a whorl of the body chamber, at a diameter of about
40 mm; this outer whorl displays flat sides, narrow and concave ventral area, rounded umbilical margin and
very steep, short umbilical wall, rounding a relatively large (some 1/3 of the diameter) shallow umbilicus. Its
ornamentation consists of 9 very sigmoid {almost falcoid) main ribs (probably some 20 in all on a complete
whorl), with two short and debile intercalatory ribs in between on all interespaces, stronger only near the
external border. The main ribs bear slight umbilical and lateral bullae (the latter located at 2/3 of the sides
height} and also oblique perisiphonal clavi at the border of the smooth siphonal band.

Varwability. The other specimens illustrate the younger stage, with fewer intercalatory ribs, and the end
of the body chamber, respectively, the latter with almost smooth lateral tubercles, stronger peripheral clavi
and stronger intercalatory ribs.

Remarks. The only related species: M. ¢ lueve RENZ has the main ribs deprived of lateral bullae.

Mathoceras leymerielliforme n. sp. AVRAM
PL. 111, Fig. 12

Holotypus: the figured example (Istocescu’s coll., IG P 19186).

Derivatio nominis: the lateral shape of ornamentation, resembling that of the genus Leymeriella.

Locus typicus: the Padurea Craiului Mts, in site 1 (supra),

Stratum fypicum: Middle Aptian, in the Ecleja Formation.

Material: only the holotype.

Description. The holotype is small, compressed and preserves the aged one third of the body chamber.
Nevertheless, it is apart from all the other species of the genus by its denser main ribs (10 on 1/3 of the last
-whorl}, with only one, very thin intercalatory rib in between up to the end of the shell, where the last three
main ribs are consecutive. The main ribs bear minute thickenings at the umbilical margin, small bullae on
the external third of the sides, and strong, oblique clavi at the siphonal margin. Between the lateral bullae
and the marginal clavi the main ribs enlarge and become slightly concave, like in Leymeriella. The whorl
section preserves the flat sides, the narrow concave venter (with a siphonal sinus), the rounded umbilical
margin and the steep, short umbilical wall.
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Remarks. 'The similarity with Leymertella ex gr. ({ardefurcata (LEYM. (D’ORB.}). especially of the
left. side of the holotype, is obvious, but the presence of the intercalatory ribs (which completely lack in
Leymeriella) and of the lateral bullae located very high on the sides. are features typical of Mathocoras.
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Plate I

1 — Tetragonites ¢ sp. cf. T. heterosulcatus ANTHULA, Avram’s coll. (IG P 19198), from the
Hotar Valley, some 450 m below the Varn Hill summit (Site 2). Uppermost (Gargasian or lowermost
Clansayesian.

2 — Fotetragonites sp., Preda’s coll. (IG P 19219) from the Vasii Valley left side, some 250 m upstream
the Magurii Valley mouth (Site 10). Uppermost Bedoulian or lowermost Gargasian.

3a-b — Simionescites ? sp., Istocescu’s coll. (IG P 19172) from the right slope of the Babel Valley.
some 700 m downstream its source ( Site 1). Uppermost Bedoulian or lowermost Gargasian.

4 ~— Acrioceras sp. Avram's coll. (IG P 19200) from the same site (2) and interval as Fig. 1.

5 - Acrioceras sp. ex gr. A. sarasini SARKAR. Stefinescu’s coll. (IG P 19151), from the same site
(10) and interval like Fig. 2.

6 a-b, T — Tozoceratoides stefanescur n. sp. AVRAM: G=paratype (Avram's coll., IG P 19214}
T=holotype (Stefinescu’s coll., IG P 19153). Both of them from the same site (10) as Fig. 2. Uppermost
Bedoulian. :

8 — Toroceratoides cf. royerianus (D’ORBIGNY), Cocinba’s coll. (CU 23244) from the Runc Valley
{Site 12}. Uppermost Bedoulian.

9 a-b — Tonohamites sp. ex gr. T. limbatus CASEY, Istocescu’s coll. (IG P 19173), from the same
site (1) and interval as Fig. 3.

10 — Tonohamites ? cf. aequicingulatus (v. KOoENEN), Avram’s coll.. (IG P 19199), from the same
site (2) and interval as Fig. 1.

11 — Hamiticeras cf. pilsbryi (ANDERSON), Stefinescu’s coll. (IG P 19156), from the tributary on
the left of the Magurii Valley near its mouth (Site 11). Lowermost Gargasian.

12, 13 — Helicancylus aequicostatus (GARB.), Preda’s coll. (IG P 19221), from the same site (10)
and interval as Fig. 2.

All the specimens are figured in natural size.



E. AvRAM et al. AMMONITE ASSEMBLAGES OF THE ECLEJA FORMATION PL. I

Rom. J. Stratigraphy, 79, 2001



Fig.
Fig.
Fig.

Figs.

Figs.
Figs.
Figs.
Figs.

Fig.

Plate II

1 — Pseudocrioceratites cf. pseudoelegans EGOIAN, Bordea’s coll. (IG P 19166), from the right slope
of the Babei Valley, some 700 m downstream its source (Site 1). Uppermost Bedoulian or lowermost
Gargasian.

2 — Ancyloceras sp., Istocescu’s coll. (IG P 19171), from the same site (1) and interval like Fig. 1,

3 — Ammonitoceras aff. lahuseni (SINzow), Bordea’s coll. (IG P 19167), from the same site (1) as
Fig. 1. Gargasian,

4 a-b — Dufrenoyia cf. discoidalis CASEY, Istocescu’s coll. (IG P 19182), from the same site (1) as
Fig. 1. Uppermost Bedoulian.

S a-b — Dufrenoyia cf. lurensis (KiLian), Cociuba and Bucur’s coll. (CU 23240), from the quarry
in the Magurii Valley right side (extension of Site 10). Uppermost Bedoulian.

.. 6 — Dufrenoyia cf. notha CASEY, Huza’s coll. (CM 20764), from the Galbena Valley left side (Site

15). Uppermost Bedoulian.

. 7 = Dufrenoyia cf. scalata CASEY, Huza’s coll. (CM 20763), from the same site (15) and interval like

Fig. 6.

8, 9 ~— Dufenoyia praedufrenoyi CASEY, Huza’s coll. (CM 20767 and 20769), from the same site (15)
and interval like Fig. 6.

10 a-b — Dufrenoyia notha CASEY, Istocescu’s coll. (IG P 19180), from the same site (1} and interval
as Fig. 4.

11 a-b — Dufrenoyia sp. (cf. D. subfurcata KasANsKY), Tstocescu’s coll. (IG P 19181), from the
same site (1) and interval like Fig. 4.

12 a-b — Cheloniceras cf. quadrarium CasEy, Huza’s coll. (CM 20758), from the same site (15)
and interval like Fig. 6.

13 — Epicheloniceras sp. (aff. E. martini (D’ORGIBNY)), Istocescu’s coll. (IG P 19179), from the
same site (1) as Fig. 1. Lowermost Gargasian.

All the specimens are figured in natural size,
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Fig.

Fig.

Fig.

Figs.

Figs.

Fig.

Figs.

Fig.

Fig.

Fig.

Fig.

Plate IIT

1 a-b — Cheloniceras cf. proteus CA&LY Cociuba’s coll. (CU 23247), from the Runc Valley (Site
12). Uppermost Bedoulian. o .

2 — Colombiceras {C.} sinzowi (KAS_ANSKY), Kociuba’s coll. {CU 23245), from the same site (12) as
Fig. 1. Gargasian.

3 ~- Colombiceras (C.) cf. tobleri discoidalis (SINzow), Bordea’s coll. (IG P 19161) from the Vasii
Valley, some 250 m upstream the Magurii Valley mouth (Site 10). Lower Gargasian. ;

4 — Colombiceras (C.} tobler: discoidalis (SINZOW), Istocescu’s coll. (IG P 19176), from the right
slope of the Babel Valley, some 700 m downstream its source (Site 1). Lower Gargasian.

5, 6 — Colombiceras (C. ) cf. subpeltoceratoides (SINzZoW): 5=Preda’s coll. (IG P 19222); 6=Bordea’s
coll. (1G P 19160); both of them from the same sitc (10) like Fig. 3. Lower Gargasian.

7 a-b — Colombiceras (Egoianiceras) cf. multicostatum AVRAM, Huza’s coll. (CM 20762), from the
left slope of the Galbena Valley (Site 15). Lower (Gargasian.

8 — Colombiceras ? sp., Avram’s coll. (IG P 19211), from the crest on the left of the Mnierii Valley
(Site 8). Upper Gargasian.

9-11 — Mathoceras istocescui n. sp. AVRAM, Istocescu’s coll. (IG P 19184-19185); 9=holotype (IG
P 19184). All of them from the same site (1) 111\0 Fig. 4. Lower Gargasian.

12 — Mathoceras leymerielliforme n. sp. AvRaM, holotype. Istocescu’s coll. (IG P 19186), from the
same site (1) a.nd interval like Figs. 4 and 9-11.

13 — )’M’athor’mas cf. sucre RENZ, Istocescu’s coll. (IG P 19183), from the same site (1) and interval
like Figs. 4, 9-11 and 12.

14 — Mathoceras™? sp. (deprived of lateral tubercles), Tstocescu’s coll. (1G P 19187), from the same
site (1) and interval like Figs. 4, 9-11, 12, 13.

- 15 — Hypacanthoplites cf. whligi (ANTHULA), Avram’s coll. (IG P 19201), from the Hotar Valley,

some 450 m below the Varu Hill summit (Site 2). Clansayesian,

. 16— Acanthohoplites cf. aschiltuensis (ANTHULA), Istocescu’s coll. (IG P 19190}, from the Rau

alley, 400 m*doWnstream the Pestig Valley mouth (Site 5). Upper (Gargasian,

- 17, 19.— Acanthohoplites sp. of. A. bigoti levicostatus EGoraN, Avram’s coll.: 17 (IG P 19212),

from the same site (8) and interval like Tig. 8; 19 (IG P 19205), from the right tributary of the Hotar
‘alley (Site 4). Upper Gargasian or Lower Clansayesian.

. 18 — Acanthohoplites of. bigoureti SINZow non SEUNES, Avram’s coll. (IG P 19204) [rom the same

site (4) and interval:like Fig. 19. A g

» 20 — Acanthohoplites sp., Istocescu’s coll. (IG P 19191), from the same site (5) and interval like Fig.

16.

- 21 — Sanmartinoceras ? (Sinzowia) sp. ind., Istocescu’s coll. (IG P 19193), from the same site (5)

and interval like Fig. 16.

- 22 — Aconeceras cf. nissus (D’ORBIGNY), Cociuba’s coll. (CU 23250), from the Osiel Hill (Site 14).

Uppermost Bedoulian.

+ 23 — Pseudohaploceras cf. matheroni (D’ORBIGNY), Avram’s coll. (IG P 19217), from the same site

(10) like Fig. 3. Uppermost Bedoulian or lowermost Gargasian.

24 — Uhligella ? cf. clansayense JacoB, Istocescu’s coll. (IG P 19189), from the same site (1) and

interval (7) like Tig. 4. : )
25 — Uhligella ? sp., Avram’s coll, (IG P 19213), from the same site (8) and interval like Fig. 8.

All the specimens are figured in natural size, except those in Figs. 21 and 22 which are augmented 2 x.
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Abstract: Biostraligraphic Conlributions to the Uretaceous and Paleogene Formations in
the Putna Valley-Cagin Valley Avea (Viancea Mountains). The lithostratigraphic units n
the external part of the Marginal Folds Nappe (namely Cozla Digitation} have been stud-
ied in micropaleontologic, palynologic and nannoplankton respectively. New data have
been obtained, as follows: Strein Beds vegin in the Barremian ( (Faudiyne oblongaj and in-
clude the upper part of the Upper Albian and possibly the Lower Vraconian {Apteedinium
grande). The base of the Tisaru Beds belongs to the Upper Vraconian (Ovoldinium verru-

SUR LES FORMATIONS

VALEA PUTNEI-VALEA CASINULUI (MONTS DE VRANCEA)

The University of Utah. Energy and Geoscience lnsticute, 123 Wakara Way, Suivte 300, Salt Lake City, Titah 84108, TUSA

Foraminifers.

cosum Zone): they comprise the Cenomanian. Turonian ( Praeglobotruncana cf, stephani,

Muarginotruncana marinost, Thalmannumina meandertornalal, and their upper part, the
Senonian (fsabelidiniuwm cooksony, Santonian or Campanian 7). Lepsa Beds are palynologi-
cally sterile and contain a poor microfauna, of Lower Campanian age. Cagin Beds belong to
the Spiroplectammina spectabilis and Glomospira diffundens zones of the Upper Pleocene,
The Lipper Casin Beds also include the Spiroplectarmmina spectabilis zone; at

have been identified, the Lutetian/Bartonian houndary being marked by the Wilsonidium
echinosuturatun Zone. Bisericani Beds contain Turborelalia pomeroli and Cyclamming ro-
tundidorsata, of Priabonian age; the nannoplankton [sthmelithus recurvas/Sphaenolithns
pseudoradians and the Kisselovia clatharata angulosa and Rhombodonium perforata zones

also indicate the Priabonian age. The Bocene/Oligocene boundary is situated in the upper

third of the Globigerina Marls { Globigerina tapuriensis, (7. officinalis, the fArst occurrence
of the species Phlanoperidinium amoenum and Bohlensipollis hohiz). The slaty shales con-
tain the Wetzeliella gochti and Helicopontosphaera reticulata/Ericsonia subdisticha zones.
The lower menillites and the brown marls belong to the Rupelian (zone P17 Globigerina

tapuriensis, G. selii, etc.). The Jower dysodiles and the Iliwa sandstone belong to the W.

gochtii Zone of the Rupcl]an Regional correlations and paleogeographic considerations are
madle for the lichostratigraphic successions of the Marginal Folds of the Vrancea Mountains

i comparison with the other lithofacies developed in the East Carpathians F Lysch.

the up-
per part they contain the Deflandrea speciosa and Apectodinium homomaorphum zones.
Piatra Uscatid Beds include the lower half of the Apectodinium augustum zone {terminal
Paleocene/ Ypresian) as well as the S. spectabilis Zone. The Apectodinium homomorphum
and A. angustum zones have been identified in Romania [or the first time. In the upper
part of the Buciasu Beds the Turborotalia cerroazulensis-Turborotalia pseudomayeri zones
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Dans les vallées de la Putna, Lepsa, Streiu et Cagin qui traversent les monts de Vrancea. aflleure sur des

coupes bien exposées. Fensemble de la succession lithostratigraphique de la partie externe de Ta Nappe des

Plis Marginaux, notamment de la Digitation de Coza. Cetie succession. qui est une de plus compléte de la
zone du Flysch des Carpathes Orientales, corprend (Dumitrescn, 1963 Duiniitrescu et al.. 1971) les unités
lithostratigraphiques suivantes: :

a) Couches de Strein, constituées par une alternance, souvent rythunique (de type fysch), diargiles
et argiles silleux noives ou noiratres et de minces gros calcaires, souvent couvolutes; des couches ou des
ellipsoides de caleaires sidéritiques g'intercalent a differents niveaux. Ce développement fait partie du litho-
facies "Silésien™ on du type Schistes Noirs, largement comnu dans le Crétacé inléricur de la zone du Flysch
carpalhiigues,

b) Couches de Tisaru, dont I'éléinent spécifique sont les silicolites, noirs et vedatres dans la partie
inférieure (Couches de Tisaru inféricures), rouges ou harriolés dans la partie supéricure {(Couches de I;smn
supér mmr’a} Des minces argiles noirs ou noiratres s'intercalent. parmis les radiolarites dans le tiers inférieur
peuvent etre reconnus des niveaux d'argiles vert clair. bentonitiques.

¢} Couches de Lepga

riches en débris dinocerames.

ance marno-caleaire, litdes, gris clairs, gris-vendrds on gris-verdatres,

Les Couches de Tisaru el de Lepsa couvrent ensemble le (rétace sSUpArieur.

d} Couches de Cagin, qui se laissent diviser en trois séquences. celle inférieure, marnocalcaire. celle
movenne a caleaires marneux siltiques et celle supérienre, argilo-marnense 4 jutercalations minces of de
wicrobreches caleaires & Lithothamnium ot briozoaives. Un “cachet™ général des Couches de Clagin est un
[aible caractére anoxique (bitumineux). Les Couches de Casin sont considérdes dage p '-1[("0('-{‘-‘“?

e) Couches de Piatra Uscati, constituées par une séquence e flyseh schisteux (les
les gres minces. quartzitiques) & argiles gris-cendrés ou verdat res. rarement rouge-griottes.

es cdominent.

f) Couches de Bueiay, représentées par des marnes el marnocaleaires, lités, parfois silteux, gris on vert
clair avee de lins “ehattles™ ou lits silicifics,

g) Couches de Bisevicani. argilo-tnarncuses. [euilletées ou linement litdes, gris sombre, avee des tris
inees intercatations de gres lins. La séquence de base est sonvent constituée par des argiles route-griotlLes
(nivean de Strujinoasal.

h} Grés de Lucacesti et /ou Marnes & Globigérines. avec des grés quartzeux glanconieux (CGirds de
Lucdcegtl) qui peut admettre des intercalations de marnes. quelquefois compactes, blanchatres (Marnes A
Globigérines); ces derniers rarement substituent entidgrement les gres

g} Gros de Fierastriu ef /ou Schistes Ardésiformes. f‘ru:ic':tu nt constitud de gros quarizeux, de tvpe
Nliwa, ayant des tercalations d argiles silteux bilimineus (Schistes Avdésiformes]. cassanles. qui petaveul
substituer enticrement les gros _

i) Menilites (silicolites bituminenx) inférienrs ot Marnes Brunces (marnoealeaires bitmineux).

J) Schistes Dysodiliques inférieures (argiles bitumineux. feuilletés ou finerent. lités, avee des 1ros
minces intercalations de grés quartzeux).

k) Grés de Kliwa, constitué d'une séouence riassive rl{‘ grés quartzeux., aveo des minces intercalations
dle schistes dysodilignes.

La limite Paléogene/Miocéne est située au-dessus du Gres de Kliwa, dans les Sehistes Dysodiliques
supérieures. La succession continue dans
note,

¢ Miocene inférieur, mais cette partie ne fait pas I'ohjet de cette

CRETACE
Les formations du Crétacé ont été étudides sur les coupes des vallées Putna. Strein et Lepsa.

Couches de Streiu
Nous avons échantilloné les Couches de Streju qui aflleurent dans le lit de la viviere Putna. sur le Hape
oriental de I'anticlinal de Streiu depuis la voute axiale jusqua la limite avee les Couches de Tisaru inférietres.

Micvofaune
Les assoclations de microloraminifares ont é6é i

ées dans le Uers infériear et celui twoyen des Couches

[)

de Streiu et sont constituées exelusivenent de {or rlmlmfele aglutinée arnni les taxons importants pour
la biostratigraphie on mentionne Hipporrepina depressa. Verncuilinoides neocomionsis, V. subfiliformis,

Trochammina vocontiana, Gaudryna oblonga, Reophor minutus, Pscudoboliving varviabilis. Sans pouvoir
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déhmiter précisement des biozones définies par ces taxons, on pent neanmoins aprecier qu'ils se grouppent.
dans deux associations principales: (1) a Goudryna oblonga et (2) & Pscudoboliving variabilis et Reophar
winate (CGEROCH et Novak, 1984). La premitre correspoud au Barréimien intérieur. la secoude an Barrdimien
supérieur-Aptien. Les FAD et LAD des taxons significatifs, que nous avons pu observer. ne coincident frees
avee coux présentés par Geroele et Novak (1984). mais les dillérences ne sont pas trop grandes. Elles peuvent
elre dues & la [réquence différente des échantillonages et/ou aux lithofacids plus au moins différents. Done,
selon la microfaune, les premiers denx tiers des Couches de Strein appartiennent au Barréimien- A ptien.

Palynologic

Les donndes palynologiques sont assex ]_m.u\-'res pour la plupart des Couclies de Strein. A des nombreux
wiveaux échantillondes (GL 13, GL 15, GL 17, GL 27, GL 28, CL 32). comprenant la presque totalité des
Conehes de Strein - hormis la partie supérieure - on & trouvé le meme palvnofacies constitué d une masse

de tissus végétaux a laquelle s'associent de trés rares spores appartenant aux genves e yophytlidites, Cic
tricosisporites, Appendicisporites, Gleicheniidites et de fort rares dinoflagellés, surtout des Cribroperidinium

appartenant & (. orthoceras (EISENACK, 1958) Davey, 1969,

Cette association senible appartenir & la zone & Cribroperidinium spp . [Antouescu. inédit) zone d’intervalle
équivalente & 'Aptien supérieur et I'Albien moyen.

Dans la partie supérieure des Couches de Streiu. sur la coupe de la rivibre Putna, & 50 1m0 en aval de
Fembouchure de ruissean Lepsa et & 30 m (15 m épaisseur stratigraphigue) au-dessons de la limite avee les
Couches de Tisaru s'intercallent des argiles silteux vertes ou gris-verdatres. Dans deux niveaux (G1, 33,
G133 bis) nous avons identifié dans ces argiles une microflore fort riche en individus et pauvre en genres
el espéees, constituée seulement par des dinoflagellés (échantillons 4228, 1429) dont Uespece Apteodinium
grande CoorsoN & Huanus, 1964 constitue plus de 95 % de Passociation. A celle-ci s ajoutent Cribroperi-
dintum. edwardsi (COOKSON & hsENacKk. 1958) Daviy. 1969: Lithosphacridiun arundum (TISENACK &
CooksoN. 1960 Daviy. 1970 emend. LUcas-CLaRK. 1984 Sublilisphacra sp.. Apleodinium grande esi une
espece avee un range restreint & FAlbien supérieur et au Vraconien (Verdier. 1975: Davey & Verdier. 1973)
précisant. Page des niveaus supérieurs des Couches de Streiu,

I fant rappeler que Antonescu (dans Antonescu. lon & Alexandresen, 1978) a identilié dans la partie
Immmalr‘ des grés glanconieux qui représente la séquence supérieure des Sehistes Noirs dans les Nappes

d"Audia el de Tarciu. une riche association de dinoflagellés o A, grande est associé avee Quoiduminm
verrucosum (COORKSON & HLIC:HE.“. 1964) Davey, 1970 et Eadocoratium (= Pscudoceralivm ) detbmaniae
{Cooksox & HuGHEs, 1964) STOVER & EvitT, 1978 qui sont caractéristiques pour le Vraconien. Au
dlessons ce ces niveaux a été frouvé une association palynologicue ¢

o UAlbien supérieur, & Lithosphacridinm
sephomephormn (Cookson & Fisenaci, 1958) Davey & WiniaMs, 1966 emend. Lucas-CrLari, 1984 ot
Carpodinauem obliquivostalum COORSON & HUGHES, 1964, Les associations palyuologiques déterminées dans
les Sehistes Noirs ont d'ailleurs constitué le support fondamental pour définir la zone i £, stphoniphorum
et C. oldiquicostalion de 'Albien supéricur et la zone & O. verrncosum et B delbmanniae du Veaconien
(Antonescu dans lon et al.. 1987: Antonescu donndes inédites).

Puisque Massociation & O. verrucoswm el . deltmanniae Wa pas encare 66 trouvée dans la partie
supéricure des Conches de Streiu ot on a trouvé seulement association & A, grande {qui débute dans la zone
a L. sephoniphorwm et C. obliguicostatwm), on considére qu’elle revient & UAlbien supérieur et éventuellement
ann Vracouien basal?

Tenant compte des associations micropaléontologiques et palynologiques, nous estimons que les Couches
de Streiu afflearant dans la vallée de la Putna couvrent 'intervalle Barvémien- Allbien supéricur. le Vraconien
pouvant y etre compris dans la partie terminale de la succession.

Les dinoflagellés de la partie supérieure des Couches de Streiu peuvent etre équivalents avee ceux de
"Albien supérienr (zone Inflatum) du bassin de Paris (des coupes des stratotypes - Verdier, 1975).

Deux biozones de foraminileres. & 7 Gaudryna oblonga et Pseudoboliving variabilis oo Reophar minulus

pour le Barrdmicn-Aptien et les zones de dinoflagellée & Cribroperidingom spp. et Lithosphacridivm si-
phoniphorum ev Carpodinium obliquicostatum ont ét¢é identifices dans UAptien supérieur- Albien moyen et
UAlbten supérieur des Couches de Streiu (lab. 1 et 2).

Couches de Tisaru

Les coupes de Ja vallée de la Putna et de la vallée de Streiu ont fourni ausant de données micropaléontologiques
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que palynologiques.

Microfaune

Sur les coupes de la vallée de la Putna (tab. 3) et la vallée de Strein {tab. 4) onl é1é determinées parmi
(l'autrm especes Thalinannamming meandertorneta, Reophar duplez. Dorvothia oxycona, 7 Rotalipora sp.,

P Marvginolruncana sp., Pracglobotruncana of. stephani et Marginotruncana marinosi. Reduite, et dans un
état de couservation med}o[.le, cette association de foraminiferes plantoniques marque un iniervalle large
Cénomanien-Sénonien inférieur (7). L'espéce qui a le range le plus restreint, Marginotruncana marinosi,
débute a la partie supérieure du Turonien moyen et s'éteint & la fin du Turonien supérienr {Robaszynski et
al 1979). Praeglobotruncana of. stephani a un range plus large el correspond & Uintervalle Albien supérieur-
Turonien moyen. Thalmannam minag meandertornata est une présence conunune dans les dépots du ‘Turonien
de T partie supérienr du Flyseh Courbicortical supérieur.

Tenaut compte de ces donndes nous estimons que la microfaune déterminée dans les couches de Tisaru
peul etre rangée dans le Cénomanien et le Turonien et monte probableiment aussi dans le Sénonien inférien:
elle correspond aux biozones de foraminiferes aglutinées, Bulbobaculites et Uvige rinammina jankoi (apres
Creroch & Nowak, 1983).

Patynologie

Le niveau de base des couches de Tisaru (GL 36, échantillon 4A34) afllenrant sur la coupe de la vallée
de la Putna, a fourni une riche microflore composée presque uniquement de dinoflagellés. Elle comprend:
Palacohystrichophora infusorioides DErLANDRE, 1935: Ouvoidinium seabrosum (Cooxson & HuGHES, 1964)
Davey, 1970: Apteodinium grande, Clewstosphacridium ancoriferum {Co0KSON & TISENACK, 1960) Daviy,
DowxIE, SarseanT & WILLIAMS, 1966 emend. CooKsoN & EISENACK, 1968); Floventiniw mantelli (DAVEY
& WiLLtaMs, 1966) Davey & VERDIER, 1973; Florentinia deanci (Daviy & WiLLiaMs, 1966) Davey &
VERDIER, 1973 Florentinia sp., Lithosphaeridium siphoniphorum, Stephodinium coronatim DEFLANDRE,
1936, Endoscriniaom r_'(r'mp(m-ufa (GocuT, 195Y9) VOZZHENNIKOVA, 1967: Achomosphaere ramudifera (Dn-
FLanpre, 1937) Evrrr, 1963 Niphophoridium alatum (Coorson & ESENACEK, 1962) Sanrguant. L0966
Pereosphac ridium pseudhystrichodingwm (DEFULANDRE. 1937) Yun, 1981; Leberidocysta chlamidata {CoOK-
SON & ErsENack. 1962) STOVER & Evitr, 19780 Odontochiting operculala (O, WETZEL, 1933) DEFLAN-
DRES CoORSON, 1953 Cribroperidinivin edwardsi; Cribvoperidinium spp.; Hystricosphacridinm tubiferum
(PHRENBERG, 1838) DEFLANDRE, 1937, emend. Davey & WiLniams, 1966; Coronifera occanica (C'OOKSON
& EsENACK, 1958) May, 1980 Spiniferdes ramosus ramosus (BHRENBERG. [838) DavEY & WILLIAMS,
1966: 5. ramosus gracilis (DaveY & WiLLIAMS, 1966) LENTIN & WILLIAMS, 1973, Hystrichostrogylon sp..
Oligosphacridium compler (WHITE, 1842) Davey & Wintiams. 1966 Kiokansium polypes (COOKSON &
EISENACK, 1962) BELOw, 1982,

L'association de Ovoidinium scabrosum, qui s’éteint a la partie terminale du Vraconien, avee Palacohysiri-
chophora infusorivides, qui débute dans la partie terminale du Yraconien indique clairement I'age ¥raconien
supérieur de la partie basale des Clouches de Tisaru. Il sagit de la zone palynologique & Quoidinium verruco-
sum et Indoceratium detbmanmae spécifique pour le Vraconien connue dans les nappes d’Audia, de Tarciu
el die Flysch Courbicortical (Antonesen dans lon et al., 1987)*

Quelques meétres plus-haut, toujours sur la coupe de la vallée de la Putna, 'association de dinollagellés
change. A, grande et O. seabrosum qui ont leur LAD A la fin du Vraconien disparaissent. A différents
niveaux (GL A1, GL 45, ete.) des nouvelles especes font leur apparition & coté d genres et esptees qui per-
sistent de association vraconniene décrite a la base des Couches de Tisaru (tab. 2). [ association comprend
Lpelidosphaeridia spinosa (Cookson & Huaues, 1964) Davey. 1969: Callaiosphaeridium asymmetricum
(DEFLANDRE & COURTEVILLE. 1939 Davey & WILLIAMS, 1966; Trichodiniuin castanea (1EFLANDRIE, 1935)
CLARKE & VERDIER, 1967; Nenascus ceralioides (DEFLANDRE, 1937} LENTIN & WILLIAMS, 1973% Ptero-
durivm. cingulatwm (O, WirTZEL) BELOw, 1981; Trithirodinium suspectum (ManuM & COOKSON, 1964)
Davey. 19689 Gonyaulacyste cassidata (BISENAK & C'OOKSON. 1960} SARIEANT, 1966. Les especes .
siphonaphorum et O ancoriferum, ont été rencontrées seulement dans la moitié inféricure des Couches de
Tisaru,

Lage de Iassociation qu'on vient de citer, suivant le “range” connu des genres el espéces semble couveir
le Cénomanien mférieur, le Cénomanien moyen et probablement, le (‘énomanien supérieur et le Turonien.

I3 e <t 2 b B o i s e o Ao 2y H
M. Séndulescu=levées géologiques, structure, corrélations régionales el paléogéographiques:. B, Antonescu=palvnologie
du Crétacé et du Paléocene; I, Brotea=microfaune de |'Eoceéne et de I'(Z)chit‘.r‘-‘.llf‘.; E. Platon=microlaune do Crétacd et du

Paléoctne; A, lonescu=palynologic de 'Eocéne et de I'Oligocene; B, Strusievici=naunoplankton.
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L7association du Palacohystrichophora infusorioides avec Epelidosphaeridia sprnosa précise que la moitié
nférieure du Couches de Tisaru correspond & la zone & P. infusorivides et [, spinosa, d’age Cénomanien
inférieur et movml L’age de l'association & Nenascus ceratioides et Pevvosphaeridium pseudhystrichodinium,
selon le "
présente des traits particuliers. qui n'ont été pas encore rencontrés dans d autre régions ou le Cénomanien
supérieur et le Turonien ont pu etre caractérisés par la microflore et ou les formations contiennent du

range” des genres et espéces. semble etre Cénomanien supérieur-Turonien. Cette association

matériel palynologique continental important {Flysch Courbicortical supérieur. Cénomanien supérienr de la
Dépression de Hateg. Couches de Dumbravioara & Tohan. LAica1, ete.: Antonescn dans lon et al.. 1987}, La
différence est surtout déterminée par les caractéres de I'environement dans lequel se sont. dépasées les Couches
de Tisaru, ésentiellement marin, voir océanique, sans apport de microflore continentale. L association i Xe-
nascus ceratoides et Pervosphaeridium pseudhystrichodinium présente des brails commuus, avec 'association
de dinoflagellés de la formation des argiles bigarrées et des calcaires en plaguettes des nappes d'Audia et
Tarcau.

Dans la partie supérieure des Couches de Tisarn, sur la coupe de la rividre Putna. dans 1'affleurement situé
au bord de la route, a la limite orientale du village Lepsa (niveaux GS 1-3, échantillon 4A1 61), on constate
un nouveau changerent dans Passociation des dinoflagellés. Des nouveaux genres ot espéces apparaissent,
tells Isabelidinium sp. ex gr. I cooksoni (ALBERTI. 1959) LENTIN & WILLIAMS, 1977 Ginginodinium sp.,
Floventinia sp. of. F. buspina (DAVEY & VERDIER, 1976) DuxsuTy, 1980, pollen du groupe Normapolles
Prrua, 1953 - Semioculopollis sp., & coté des genres et especes qui persistent de 'association inférieure,
Odontochitina opereulata, Leberidocysta chlamidata, Pervosphaeridium pseudhystrichodinium, Plevodininm
cingulatum, Spiniferites ramosus, Endoscrinium campanula, Paleeohystrichophora infusorioides, A reoligera
sp.

L age de Passociation de la partie supérieure des Couches de Tisaru appartient au Sénonien, probablement
an Santonien-Campanien inférieur?. Le genre Isabelidinium est connu depuis le Turonien (moyen-supérieur)
el ayant son “acme- zone” au Sénonien, toul autant que Semioculopollis; le genre Ginginodinium débute au
Sénonien. Quique cette association a été trouvée daus un seul nivean de la coupe de la Putna (au dessus
cde celui-ci il n'y a que de radiolarites rouges stériles pour la palynologie) elle est suflisante pour prouver la
présence dune partie du Sénonien inférieur dans la partie supéricure des Couches de Tisaru.

La corrélation du contenu micropaléontologique et palynologique des Couches de Streiu de la Nappe
des Plis Marginaux avec celui de la Formation des Schistes Noirs, des Argiles bigarrées et des calcaires en
plaquettes des nappes de Tarciu el Audia, plus internes, permet d observer les similitudes et les différences
suivantes:

- La Formaelwon des Schistes Noirs, datée suivant les données p alynologiques (Antonescu, Lon & Alexan-
drescu. 1978 Antonescu, Alexandreseu & Micu, 1982) s'étend cl(‘puw le Barrdmien jusqu’au Vracouien
inférieur (la présence de 1" Hauterivien  la base est possib

e mais n'a pas élé confirmé). Les grés glau-
conleux de la partie supérieure de la formation ont daus leurs niveaux terminaux des riches associations de
dinoflagellés comprenant la zone & L. siphoniphorum et C. obliquicostaium de 1'Albien supérieur et la zone
& Ouvotdinium verrucosum el Endoceratium detlmanniae caractéristique pour le Vraconien:

- Les Couches de Streiu débutent suivant les données micropaléontologiques (zones 3 G. oblonga el P.
vartabilis et zone & R. minutus) au Barrémien et contient aussi I'Aptien; Uintervalle Aptien supérieur-Albien
moyen a été précisé par I'association palynologique correspondant a la zone & Cribroperidinium spp. La partie
terminale des Couches de Strein appartient a I’Albien supérieur (zone a Lithosphaeridium siphoniphorum et
Carpodinium olbliquicostutum). La présence du Vraconien (inféricur) au sommet des Couches de Streiu est

possible mals pas encore prouvée;

- La base des Couches de Tisaruet celle de la Formation des Argiles bigarrées renferment des associations
de dinoflagellés semblables (zone & Ouoidinium verrucosum el Endoceratium. deltmanniac) caractérisant le
Vraconien:

- Le Couches de Tisaru renferment done & leur base une association vraconienne (zones & Ouwoidinium
verrucosum et Endoceratium dettmanniae); dans la moitie inférieure Je Cénomanien inférieur et moven (zones
a P.anfusorioides et 5. spinosa) et dans la moitié supérieure le Cénomanien supéricur et le Turonien prouvées
au moyen de la microfaune (zones & Bulbobaculites problematicus el Uvigerinammina jankoi) et de la mi-
croflore (?) - assoclation & X. ceratoides et P. pseudhystrichodinium. La partie terminale des Couches de
Tisaru renferme (un seul niveau, donc le fait est problematique?) une association a Isabelidinium sp. ex gr.
1. cooksoniae, équivalente probablement du Santonien et peut-etre méme du Campanien inférieur?;

- Les associations palynologiques de la partie supérieure des Couches de Tisaru (& X. ceratioides et celle
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a Isabelidinium cf. cooksoniae) présentent quelques traits communs avee celle des caleaires en plaguettes
(genres comnuns, ete.); pourtant la derniére monte plus-haut dans I'échelle stratigraphigue:
- Les Couches de Tisaru et la majorité de la formation des argiles bigarrées - hormis leur moitié inférieure
sont déposées dans un milieu marin (ainsi que les calcaires en plaquettes) situé & grande distance du
continent-océanicue.

Couches de Lepsa

Nous avons échantilloné les Couches de Lepsa qui affleurent sur les coupes des vallées de la Lr‘pm et du
Strein. Jusqua présent les éehantilons de la vallées Lepsa se sont avérés stériles pour la inicroflore el n ‘ont.
pas offert une microfaune détachable. Chose étonnante, quand on pense que Ton (1975, lon dans Antonescnu
ot al., 1088: Ton & Szasz, 1994} désigne la coupe de Lepsa comme contenant plusicurs zones de foraminiteres
- entre autres la seule coupe ou on a decouvert la zone & Eugubing du Danien.

Microfaune

Sur la coupe de la vallée de Strein (tab. 4) les échantillons de la partie inférieure de la succession ont
mis en évidence une association de foraminiferes aglutindes, typiques pour le Sénonien supérieur. Pdrmi les
aulres espéees. nous signalons la présence de Dorothia crassa, Spiroplectammana sublacrigensis, Kalamposts
grzybowski. Gocssela rugosa, Hormosina ovulum, ?Globolruncana sp. L'association, par la présence de
Iespece index (. rugosa fait partie de la biozone au meme nom identifide par Geroch & Nowak (1983) et
qui est équivalente an Campanien inférieur,

Pelynologic .

Les Couches de Lepsa se sont avérés stériles pour les palynonorphes. Un des échantillons préléves de
la partie supéricure des Couches de Lepsa contient de rares dinoflegellés - X, cerabioides, O. operculala.
Speniferites spp., T. castanea. dont P'assoviation (selon les ranges des espbees, indique un intervalle strati-
graphigue plus l-ugt‘ Cénomanien-Campanien supérieur,

Done, daprés nos résultats les Couches de Lepsa appartiendraient au Sénonien supérieur.  Fait, qui
winfirme pas les résultats de lon (les Conches de Lepsa ont un age compris entre-le Maastrichtien supérieur
zone mayaroensis - Danien inférieur zone pseudobulloides, lon & Szasz. 1994), mais aussi ne les confirme
pas.

PALEOGENE

Paléocene

Couches de Casin inférieures

Les Couches de Cagin inféricures montrent un changemert de la sédimentation pendant le Paléocéne:
aprés Uépisode caleaire des Couches de Lepsa. presque/ ou totalement stérile en ce qui concerne la mi-
croflore. la reprise de Papport détritique fail apparaitre de nouveau les palynomorphes. Les préleves de
la vallée de la Lepsa (LI8/4A06 premier niveau de base ot ensuite L 19/4A9T: L 20/4A98; L 21/4A499;

22/4A100) s étalent sur uve épaisseur stratigraphique d'environ 30 ni a la partie inférieure de cette
formation. L association palynologique est pareille dans toute les niveaux et elle comprend: Cerodingum
(=Deflandrea=Certiopsis) dicbeli (VOZZHENNIKOVA 1963} LenTiN & WILLIAMS. 198T; [sabelidinium sp.
of. 1. cooksoniue. {sabelidinium sp., Trithivodinium evitéi Druaa, 1967 Glaphyrocysta sp. of. (. pastielsi
(DEFLANDRE & Cooksox 1955) Stover & Evitr. 1978 emend. Saripant, 1986; Triblasiula utinensis
(0. WETZEL, 1933) SarJEANT, 1985; Areoligera sp., Turbiosphacra filosa (WILSON, 1967) ARHANGEL-
sky, 1969: Cordosphacridium fibrospinosum Davey & Winniams, 1966 Hystrichosphaeridium tubiforam,
Achomosphacra sp.. Oligosphaeridium compler, cf.  Membranosphacra maastrichtics SAMOILOVICH dans
Samoilovich & Muchedligvili, 1961 ex Norris & Sarjeant, 1965 Nudaopollis sp., Kiegervipollenites hemiper-
fectus (PrLua, 1953) WEnvEs & HERGREEN. 1980; Dinogymnium euclacnse Cookson & FiseNack, 1970;
Palaeotetradinivm minusculum (ALBERTIL 1961) STovER & EviTr, 1978, Lassociation est dominde par
les dinoflagellés, surtout les exemplaires d fsabelidinium: la microllore continentale est subordonée {quelques
rares exemplaires de pollen de Normapolles). Beaucoup d’exemplairves sont en mauvais état de conservation,
hrisés. Cette associalion pourrait appartenir au Maastrichtien selon Triblustula ulinensis et Dinogymnium
cuclaense, cspéees qui ne dépassent pas cel étage: de plus T utinensis est cantonée cdans les Couches de Hangu
inférienres de la Nappe de Tarcdo surtout au Maastrichtien supériear, ou dans lintervalle Maastrichtien-
Danien. Rappelons que pour la partie supérieure du Maastrichtien et le Danien il y a une zone palynoclogique
comunune a Senondasphacra imornata et Thalassiphore pelagica [ANTONESCU & ALEXANDRESCU, 1982;
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Antonescu dans lon. Antonescn & Micu, 1985: lon, Antonesen & Alexandrescu. 1994) - le changement pa-
lynologique important étant située dans la zone Uncinata du Montien str. s, (ou apparaissent les genres
et especes de dinoflagellés exclusivementl paléocénes - Carpatella cornuta, Alisocysta circumtabulata, ete.).
Mais, tenant compte du fait que la plupart des genres et espoces de dinoflagellés au range Maastrichtien-
Danien manquent (il n'y a que 7. evitts,. 0 diebele. P. winusculum), et que les espices exclusivenent
maastrichitiennes sont nombreuses, il est probable que cette association appartient au Maastrichtion - et
gu’elle est remaniée, Dailleurs les remaniements sont fréquents dans le Paléocene inférieur du Flysch, et un
exemple en ce genre sonl les couches de Cluejdiu, ou les remaniements du Maastrehtien sont aussi fréquents.
Doue, pour le moment, nous acceptons 'age Danien inférieur atiribué par Ion pour les couches de Cagin
inférieures (Jana Sdndulescu dans Dumitrescu et al.. 1971; Jana lon Sadulescu, 1973; Jana lon dans An-
tonescu et al., 1988), qui identific dans les Couches de Cagin iuférieures la zone & Subbotina trinidadcnsis
(d’age Danien inférieur, contenant S. trinidadensis, Acarining inconstans, Planirolalites converus, Subbolina
trdoculinoides, S. pseudobulloides, Globigerina trivialis, Globoronusa daubijergensis. G. kozlowski, Globige-
rina edita, Globigerinelloides woodringina, Gumbelitra et d’autres heterohelycides biseriées) ot la zone &
Morozovelly uncinata (d’age Montien, & M. uncinate, M. perclara, M. schadagica, Subbotinag trinidade nsis,
Acarinina inconstans, Planorotalites compressus, Subbotina pseudobulloides. S, triloculinvides, S, varianta,
Globigerina trivialis, G. woodringina, Gumbelitra, et les derniers exernplaires de Globoconusa daubjerge nsis
de type hozlowski).

Couches de Casin moyennes
Seulement la coupe de la vallée de la Lepsa a offert des données inféressanies pour ce qui concerne la
microfaune; les données palynologiques, pour le momment, manguent de cette séquence.

Microfaune

[’association imicrolaunistiques des Couches de Cagin moyeunes de la coupe de la vallée de la Lepsa com-
prend seulement des foraminiferes agglutinees (Tab. 5): Gyrowdmoides div. esp.. Lenticulina div, esp., No-
dosaria sp.. Hormosina velascocnsis, Glomospiva diffundens, Rzehakina cpigona, R. fissistomata., Thalfman-
nammina geroche, Glomospira glomerata, Spivoplectaming ol spectabitis. Nevreericlla horvida, Subreophaz
pseudoscalaris, Subreophar scalaris, Nothia cacelsa, Trochamminoides ivregularis, Glowospirella grayborski
el Reophar globosus appartient a la zone a Spiroplectammina speclabilis et Glomospira diffundens GEROCH
& Nowaxk {1863) qui indique le Paléocéne supérieur.

Rappelons que lon (Jana Séndulescu. dans Dumitrescu et al., 19711 lou dans Antoneseu ot al.. 1988)
a cité dans les Couches de Cagin moyennes deux associations de foraminiféres, celle & Acarining primitiva.
Morozovella uncinata. Subboting tridoculinoides. S, pseudobuloides, S0 vartanta, Clobige rina treeralis, Sub-
hotine editu qui serrait entre les zones & Morozovella angulat el 1a zone & M. pusilla pusilla et Passociation &
Morozovella aequa. M. conicontruncana. M. angulata. Clobige ving volaseocnses, O eocacniea. G linape rta,
Subbobma vavianta. SO trdoculinoides, Acarinima nitide. A mekannad, Planorotalites chapmanni qui core-
spondrait a la zone & Planorotaliles pseudomenard:.

Couches de Casgin supérieures

Micropaléontologie

Les dounées micropaléontologiques concernant les couches de Cagin supérieures out éLé obtenues sur la
coupe de la vallée de C'agin - vallée de Buciag (‘Tab. 5. 9) et sur la coupe de la vallée de Lepsa (Tab. 6).

Une mierofaune riche en foraminiferes aglutinées a été identifice dans les couches de Casin supérienres,
laquelle x"ajoute quelquefois du benthos calcaire. A coté des taxons Glomospira diffundens, Spiroplectammina
speclabilis, Rzehakina inclusa, R. epigona, dont les moments d’apparition, d’extinction et /ou de "acme-zone™
ont leur signification stratigraphique au temps du Paléocéue. il y a de nombreuses espiees caractéristiques
powr fa partie terminale du Crétacé supérieur, du Paléocéne inférieur et du Paléocéne moven, fort probable
remaniées. Nous estimons ainsi que toute D'associalion des Couches de Cagin supérienres (Tab. 5) ainsi
que celles des Couches de Cagin moyennes (Tab. 6) appartient & la biokone & Spiroplectammina spectabilis
Grrocn & Nowark (1983) qui indique le Paléocene supéricur. Cette association nous |'avons renconirée
fréquement dans les dépots paléocenes du flysch externe (couches de Putna) et elle est en géuéral cosmopolite.
Plusieurs Laxons cités par nous out été mentionés au Trinidad (Kaminski et al.. 1988) ot dans le secteur central
de la Mer du Nord (Charnock & Jones, 1990) ou ils incdiquent. e Paléocene en général.
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Palynologie

Les données palynologiques concernant les Couches de Cagin supérieurs proviennent de la coupe de la
vallée de Clagin - vallée de Buciag, du tiers de la partie supérieure de ces dépots (Tab. 7). Parmi les dinoflag-
ellés, a coté de Cerodinium speciosum (ALBERTIL, 1959) LENTIN & WiLL1amMs, 1985, il y a Spiniferites cornutus
(GERLACH, 1961) SARJEANT, 1970, Deflundrea denticulate ALBERTI, 1959, Glaphyrocysta sp., et des pollens,
Subtviporopollenites annulatus (PFLUG, 1953) PFLUG, 1953, Intratriporopolienites sp., ete. L'association in-
dique la zone & Deflandrea speciosa {=Cerodinium speciosum ) caractéristique pour le Thanétien de plusieurs
régions de I'Europe de 'Ouest {Powell, 1993) trouvée aussi en Roumanie {Antonescu & Alexandrescu, 1982;
lon et al., 1985; Antonescu et al., 1988) dans les Couches de Putna.

11 est utile de rappeler que Antonescu {dans Antonescu & Alexandrescu, 1982; lon et al., 1985; Antonescu
et al.; 1988; Ion et al., 1994) a reconnu pour le Paléocéne des Clarpathes Orientales plusieurs zones paly-
nologiques. Ce sont la zone a Senoniasphacra mornata et Thalassiphora pelagica (Maastrichtien supérieur-
Danien}, la zone & Carpatella cornuta et Alisocysta circumtabulata (Montien sir. 5.), la zone & [sabelidivn
bakeri et Stephanoporopollenttes heraradictus (la partie moyenne du Paléocine, zone non-publide Antonescu
dans Antonescu et al., 1988) et la zone a Deflandrea speciose et D. oebisfeldensis {Thanétien).

Dans la partie terminale des Couches de Cagin supérieures de la coupe des vallées Cagin-Buciag, a coté
des genres et espéces de la zone a Cerodinium speciosum, apparaissent les espéces du genre Apectodinium
(Tab. 7)- A. homomorphum (Deflandre & Cookson, 1955) Lentin & Williams, 1977, A. of  paniculatum
(Costa & Downig, 1976) LENTIN & WiLLiAMS, 1977 emend. HARLAND, 1979 et A. parvum (ALBERTI,
1961) LENTIN & WILLIAMS, 1977, et d’autres dinoflagellés comme Rieithriasphaeridium coinodes (ALBERTI,
1961) LENTIN & WILLIAMS, 1977: Cordosphaeridium fibrospimosum DAVEY & WILLIAMS. L966; Spiniferites
ramoesus.

Cette association est [ort intéressante puisquelle mel en évidence, pour la premidre fois en Rowmanie, la
zone & Apectodinium homomorphum (ou hyperacanthum, Ay biozone de Powell, 1993) équivalente & la zone
a Wetzeliella hyperacantha DE Caro (1973) et de la zone 5 de Heilmann-Clausen (1985); équivalente aussi &
la biozone de nannoplakton NPY (en partie), & la biozone de foraminiferes P4 (de Blow, 1969 et de Bergreen,
1872). Cette zone représente un eveniment important - I'apparition des espéces du genre Apectodinium (Base
Apectodinium Datum) et a été considerée comme équivalente par Costa & Downie (1976) avee la base de la
zone de nannoplakton calcaire NP9 de Martini (1971). (Vest une des zones avec le plus grand potentiel de
corrélation. Ainsi le contenu palynologique de la partie terminale des Couches de Clagin peut-etre considéré
comme équivalent a celui de la base de I'lllerdien de la coupe de Campo, la zone 5 du Danemark - Viborg
L Borehole, Jutland, Holmethur Formation (en partie) et la Osterrende Clay et la Glauconitic Silt - lex
Woolwich Beds d’Angleterre, partie supérieure du Thanétien du Bassin de Paris, ete.

Couches de Piatra Uscata
Nos données palynologiques et micropaléontologiques se rapportent. & la coupe des vallées Cagin-Bucias.

Micropalédontologie

Selon la microfaune que nous avons trouvée dans les Couches de Platra Uscatd (Tab. 6), ces dépots
peuvent etre attribués an Paléocéne supérieur, la zone & Spiropleclammine spectabilis. 11 faut noter qu'a la
partie supérieure de ces couches, il y a une légere modification dans les rapports quantitatifs des genres et
espéces; cet évenement pourrait-il etre 1ié au passage Paléocéne-Eocene?.

Palynologie

Lmmédiatement au-dessus de la limite Couches de Cagin supérieures/Couches de Piatra Uscatid, le pa-
lynofacies devient fort riche en dinoflagellés. A coté des espéces deja présentes dans les Couches de Casin
supérieures, d’autres especes apparaissent (tab. 7): Apectodinium augustum (IIARLAND, 1979) LENTIN &
WiLLtams, 1981; A. quinguelatum (WILLIAMS & DowNIE, 1966) Costa & Dormik, 1979; A. hyperacan-
tha (CooksoN & EISENACK) LENTIN & WILLIAMS, 1977; Deflandrea cornumamillata Jan pu CHENE &
CHATEAUNEUFF, 975 Hystrichokolpoma cf. cinctum KLuMre, 1953 Adnatosphacridium mullispinosum
WILLIAMS & Downii, 1966; Ginginodinium sp., Dracodinium sp.. Caligodinium aceras (MANUM & ClOOK-
son, 1964) LENTIN & WiLLIaMms, 1975; Palceocystodinium sp.

Cette association & Apectodinium augustum appartient A la biozone & Apectodinium augustum DE POWEL
(1993); elle (Aau) est équivalente & la zone 6 de Heilmann-Clausen (1985) mise en évidence dans le sondage
de Viborg ( Viborg 1 Borehole, Jutland et Fur Formation ainsi que Negative Series, en partie, et la Haslund
Member de Danemark). Zone équivalente en partic a la zone de nannoplankton NP 9 de Martini (1971) et au
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zones de foraminiferes P 5 (en partie et souszones P6A el PSR {en partie} de Blow (1964) el Bergreen {1972)
ainsi qu'a la zone de dinoflagellés, sous zone Dba de Costa el Manumn (1988). Elle a été trouvé aussi dans les
Woolwich Beds et dans la Mer du Nord. Son age est Thanétien terminal et base de 1"Yprésien et on remarque
que la partie terminale des Couches de Cagin et des Couches de Platra Uscatd étudiées sur les coupes des
vallées Cagin-Buciag representent les dépots qui matérialisent le mieux jusqu'a présent dans les Carpathes
Orientales - en ce qui concerne les dinoflagellés - Uintervalle de temps correspondant a la fin du Paléocéne et au
début de I'Eoceni. et aussi le fait que le palynofacies, les espéces, sont pareilles a celles des dépots de I'Europe
de I'Ouest. Les con-Liions paléoéeologiques gouvernant 1’ environement des Couches de Cagin supérieures ot
des Couches de Piawra Uscatd et celles des formations de I'Europe de 'Quest (formations du Danemark. de
la Mer du Nord, de "Angleterre, de Campo, etc.) devrait-etre semblables, bien que les lithofacies sont trés
différentes. Il est sur que dans certains moments, par exemple & "Albien supérieur-Vraconien (Formations
de Schistes Noirs/Formations des Argiles Bigarrées) ou au Paléocéne supérieur-Focéne inférieur (Couches de
Cagin supérieures el Couches de Platra Uscatd) les mers de U'Europe de I'Ouest et du Flysch des Carpathes
devalent cominuniques.

A la partie supérieure des Couches de Piatra Uscatd, sur la coupe des vallées Clagin-Bucias, le palynofacies
change et la plupart des genres et espéces disparalssent. Cet évenement servait - 1] Iié avec le passage du
Paléocéne & ’Eocéne?, Clest une supposition seulement et la linite Paléocéne/Eocéne pourrait fort bien se
placer plus bas dans les Couches de Piatra Uscat#, puisque la biozone & A. auguslum est & cheval sur celle-1a.

EOCENE

Couches de Buciag

Les Couches de Buciag ont été échantillonées sur la coupe ouverte par le ruisseau Buciag (le stratotype)
ainsl que sur des coupes complémentaires, la vallée de la Putna et le versant du mont Coaga concernant leur
partie supérieure seulement.

De la partie mnférieure des Couches de Buciag (vallée de Buciag) a été déterminée une association a
Turbovotalia cerroazulensis frontose. Acarining bullbrooki. A. pentucamerata, A. spinoloinflate, A nilidae.
Glolngering velascoensts (Tab, 9). Celle association correspond a la zone & Turboroialia cervoazulensis/
Turborotalia pseudomayer: (BLow, 1979). Tenant compte de la présence dans 'association de A. nitide qui
s'éteint & la base du Lutétien el de G. velascoensis qui monte du Paléocéne jusqu’a I'Yprésien, on peut placer
la limite Yprésien-Lutétien a ce nivean (fig. 1 et 2, tablean de corrélation). Cette conclusion est confirmde
par le nannoplankton: ainsi (Tab. 8) out été mises en évidence la hiozone NP 13 & Discoaster lodoensis, de
I'Y présien et la biozone NP 14 & Discoaster sublodoensis, du Lutétien.

De la partie médiane des Couches de Bucias, a été identifide une association a Nutlalides truempyi,
Anomalinoides granosus, Ovidorsalis umbonalus el Nodosavella tuberosa, du Lutétien. Les foraminiferes
agglutinées dominnent 'associalion, mais n'apportent pas cdes précisions stratigraphiques suplémentaires.
L'association de nannoplankton identifiée dans les memes niveaux correspond & la zoue NP 15-Nannotetrina
fulgens. Sur la coupe du mont Coaga la biozone est. précisée par la premiére cceurénce de Uespéce Discoaster
bifax, D. saipanensis, Chiastomolithus gigas et par la derniére apparition de Ch. expansus et Ch. solitus
(Tab. 12).

La partie supérieure des Couches de Buciag a été analysée sur trois coupes: la vallée de Buciag, la
vallée de la Putna et le versant du mont Coasa. Les premiéres deux coupes out délivré une association
a Cyclammina amplectens, Haplophragmoeides walteri, Kalamopsis groybowskin, Reophar duples: (Tab., 9).
Cyclammina amplectens qui est Pespéce index pour le Lutétien dans la zonation de Geroch (1983) a été
signalée en Roumanie seulement dans la partie supérieure de cet dtage (Bratu dans Antonescu et al., 1988).

Sur le mont Cloasa, 'age Lulétien supérieur de la partie terminale ces Ciouches de Buciag est precisé par
des foramimiféres planctoniques - la biozone a Turborotalia cerioazulensis possagnoensis. Foul partie aussi
de 'aaociation T. cerrouzulensis frontose, Acarining spinulosa. A. bullbrooki et d’autres espéces de benthos
agglutiné et caleaire (Tab. 10).

Ces données peuvent étre corrélés avec celles fournies par les dinoflagellés, sur la vallée de la Putna étant
determinée association & Wilsonidium echinosuturatum, Cordosphaeridium gracilis, Homotriblium polidum,
Achowmosphaera ramulifera (Tab. 15) biozone W9 du Lutétien supéricur (fig. | et 2, tableau de correlation).
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Couches de Bisericani

Les dépots appartenant a cette formation sont équivalents au Lutétien terminal, an Bartonien et an
Priabonien.

Sur la coupe de la vallée de la Putna et sur la coupe de la vallée de Buciag le niveau basal & argiles rouges
- niveau de Strunjinoasa - a é1é atribué au Lutétien supérieur tenant compte de la présence de association
A Cyclomming amplectens. Sur la coupe du mont Coasa. 'age Lulétien supérieur du niveau de Strujinoasa
est confirmde par des foramiuiferes planctoniques appartenant a la zone & Turborotalia rerroazulensis pos-
sugnoensts. Les données du nannoplankton ont permis identification au meme niveau, sur la coupe de la
Putna. de la biozone & Discouster faranodifer (Tab. 15). Les dinoflagellés trouvés sur la coupe de la vallée
de Buciag appartient a la sone & Wilsonidium echinosuturatum (Lutétien, Tab. 14 a, b).

Sur les coupes des vallées de la Putna et de Buciag la limite Lutétien/Bartonien a été tracee a ’aide
de la premiére occurence de Uespéce Ammodiscus latus en assoclation avee Cyclamminag amplectens (A une
fréquence recduite, Haplophragmowdes retroseptus, Glomospirva charoides, Haplophragmoides walteri. Kar-
revielly coniformis. K. horrida (Tab. 9. 11). 1l faut préciser que espéce Ammodiscus latus a une distribution
discontinue sur ces coupes, étant identifiée seulement dans quelques niveaux. Sur la coupe de la vallée de la
Putna, cette espece a une {réquence plus grande dans le Priabonien, probablement due & la résédimentation.
La limite Lutétien/Bartonien est précisée aussi par 'association de dinoflagellés & Wilsonidium echinosutura-
tam correspondant & la biozone W8 qui comprend dans sa partie supérieure la partie inférieure du Bartonien.
Sur la coupe de Buciag, a été determinée Wilsonidium eclinosuluratum en association avee Cribroperidinium
tenuitabulatum, Deflandrea phosphoritica, Thalassiphora pelagica (Tab. 14 a).

['association de foraminiferes de la partie supérieure des Couches de Bisericani est constituée sur la
coupe de Buciag, par des espéces planctoniques dont la distribution stratigraphique ne permetent pas la
separation des zones standard du Priabonien. On ¥ a trouvé Globigerina linaperta, G. cocaenica, G hagni,
Globigeriita peva (Tab. 9). Turborotalia pomeroli, qui dans la zonation de Tourmakine et Bolli (1970}
margue une zone équivalente aux zoves P13-Pl4. est probablement ici dans sa partie supérieure de sa
distribution stratigraphique. De 'association font partie aussi des espéces de foraminiféres agglutindes, dont.

la fréquence devient plus faible vers la limite supérieure de la formation.

Au meéme nmiveau, sur la coupe de la Putna de la partie supérieure des Clouches de Bisericani a é1é
déterminée Cyclammina robundidorsate en association avece Revurvoides contortus, Glomospira serpons,
Trochammina heteromorpha. Nalamopsis grzybowskin (Tab.  [1) qui temoignent 'age Priabonien de ces
[ormalions.

L association de nannoplankton identifiée sur la coupe du Buciag appartient an zones P18-P20-1stmiolithus
recurvus/Sphenolithus pseudoradians. Les especes marker sont associades & Zygrhabdolithus bijurgatus, [r-
wsonia subdisticha, Relicwlofencstra hampdenensis, R. dictyoda (Tab., 8).

Sur la meme coupe, le Priabonien est précisé aussi par les dinoflagellés - la zone & Kisselovia clathrata
angrlosa-Phianoperidintum echinatum (Tab. 14 a).

'LIMITE EOCENE/OLIGOCENE

Marnes & Globigérines

La plus grande partie des dépols appartenant & la formation de Marnes & Globigérines (=Gres de
Lucdcesti) afficurant sur la coupe de Buciag contient une association de foraminiféres planctoniques qui
ont eu une premiere occurence plug bas, dans les Couches de Bisericani et qui caractérise les zones P16-
17-Globigerinateka semiinvoluta et Turborotalia cerroazullensis sl., du Priabonien. On constate aussi que
la fréquence du plancton cst trés grande et le benthos disparait, De la partic supérieure des Marnes &
Globigérines ont été détérminé Globigerina tapuriensis en association d G. scllii, G. officinalis, G. cryp-
tomphala qui marque la zone P1R de la base de I'Oligocéne (Tab. 9). On arrive ainsi & confirmer que la
limite Eocene/Oligocéne est situé dans le tiers supérieur des Marnes & Globigérines (Micu & Gheta, 1987;
Sandulescu et al., 1987).

Les données palynologiques confirment ces données par la premidre occurence de Uespéce Phtanoperi-
dinium amocnum et Bochlensipollis hohli (Tab. 14 a et b). L’association de nannoplankton de ce niveau fait
partie de la zone a fstmolithus recurvus/Sphenolithus pseudoradians du Priabonien. 11 y a done un décalage
entre le nanmoplankton et les autres groupes d’organismes (Tab. 8 et tableau de corrélation).
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OLIGOCENE

Schistes Ardésiformes (+ Greés de Filerdstriu)

[’age de ces dépots a éLé précisé, sur les coupes analysées, seulement par les dinoflagellés et le nanno-
plankton. Dans la vallée du Buciasg, les analyses palynologiques ont mis en évidence la zone & Wetzeliella
gochti, d'age Ologocene inférieur (Rupélien). L’espéce index est associée & Tithodiscus sp., Thalassiphora
delicata et Microtythodiscus sp. (Tab. 4 a). La méme position stratigraphique est précisée par 'association
de nannoplankton appartenent 4 la gone a Helicoponlosphaera reticulata/Fricsonia subdisticha. L association
est caractérisée par une fréquence plus grande de Uespece E. subdisticha ot absence des discoasterides.

Ménilites inférieures et Marnes Brunes

Sur la coupe de la vallée du Buciag la microfaune identifiée & ce niveau est pauvre et mal conservée,
Quelques taxons déterminés parmettent l'attribution de ces dépots au Rupélien, zone P17: Globigering
tapuriensis, G. ampliapertura, G. sellu, G, officinalis (Tab, 9). On n’a pas obienu des résultats paly-
nologiques et du nannoplankton.

Dysodiles inféricures et Grés de Kliwa

Nous avons analysées seulement quelques échantillons isolés des Dysodiles inférieures, des intercalations
pélitiques du Gres de Kliwa et de la base des Dysodiles supérieures. Les seules résultats ont été offerts par les
analyses palynologiques. On a identifié une association & Wetzeliella gochtii, W. symmetrica, Thalassiphora
pelagica, Titthodiscus sp. qui prouvent 'age Rupélien de ces dépots. W. gochtii a é1é identifiée aussi & la
hase des Dysodiles supérieures, mais & ce niveau il est possible qu’elle soit remaniée,

L'analyse de la distribution des foraminiferes, des palynomorphes et du nanneplankton a permis donc
d’établir une biostratigraplie asses dérailée de formations appartenant & I'Eocéne et 4 1'Oligocéne. En ce qui
concerne les foramimféres, la plus grande {réquence et la meilleure continuité appartient aux foraminiféres
agglutinées. Les foraminiféeres planctoniques sont présentes seulement a quelques niveaux a la base et & la
partie supérieure des Couches de Buciag, au nivean des argiles barriolées de Strujinoasa (seulement sur la
coupe de mont Coaga) et & la partie supérieure des Couches de Bisericani el dans les Marnes & Globigérines
(sur la coupe du Buciag). Les foraminiferes benthiques calcaires sont présentes seulement A la partie inférieure
des Couches de Buciag, sur la vallée de Bucias, et & la partie supérieure de la méme formation sur le
mont Coaga. L'étude des foraminiferes agglutinées et benthiques calcaires ont permis de complétér 'échelle
stratigraphique, 14 ou le plancton manque.

En général, il y a une boune corrélation entre les biozones des trois groupes étudies (lableau de corrélation):

- D'apres les données fournies par le plankton {dans la zone & Turboretalia cerroczulensis frontosa) et le
nannoplakton (entre les zones a Discoaster lodocsnsis ot Discoaster sublodoensis), la limite Yprésien/Lutétien
se placerait prés de la base des Couches de Bucias [coupe de la vallée de Buciag).

- La limite Lutétien/Bartonien est située dans la partie inférieure des couches de Bisericani. Elle a été
étayée sur la base de 'apparition de 'espéce Ammodiscus lafus (foraminifere agglutinée), sur les coupes de
Buciag et de la Puina. Cettle zone peul-étre corréllée avec en partic la zone & Wilsonidinium echinosuturatum
trouvée sur les memes coupes,

- La limite Bartonien/Priabonien a été établie & l'aide des foraminiferes agglutinées, des dinoflagellés
et du polen; respectivement 'apparition de Cyclammina rotundidorsata (vallée de la Putna), de Kisselovia
clathrate angulosa et de Rhombodinium perforatum (vallée de Putna).

- La limite Priabonien/Rupélien, suivant Papparition de Globigerina tapuriensis et des palynomorphes
Phtanoperidintum amoenum et Boehlensipollis hohly a é(é précisée dans le tiers supérieur de Marnes & Glo-
bigérines. Suivant le nannoplankton déterminé, la base du Rupélien serait plus-haut, a la base des Schistes
ardésiformes qui contiennent la zone a [Helicopontosphaera reticulata/Ericsonia subdisticha.

- Certaines blozones n'onft pas su étre précisées, soit a cause du manque de continuité d'un groupe, soit
a cause des certaines intervalles stériles, ou qui ne pouvait etre échantillonnés.

CORRELATIONS REGIONALES ET PALEOGEOGRAPHIE

Les précisions stratigraphiques qui ont été obtenues par nos recherches, permettent de mieux réaliser la
corrélation des successions lithostratigraphiques des Plis Marginaux des Monts de Vrancea avec les autres
lithofacids développés dans la Zone du Flysch des Carpathes Orientales.

On constate que les précisions apporiées sur 1'age de la limite supérieure des Couches de Streiu, qui est
placée au niveau de la limite Albien/Vraconien souligne I'isochronisme du lithofaciés anoxique du Crétacé
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inférieur des Nappes d'Audia, de Tarcau et des Plis Marginaux: Serie des Schistes Noirs (Antonescu et al.,
1978) = Couches de Streiu (présente note] = Couches de Siarata (Antonescu et al., 1982). Ces lithofacieés,
connus sous la dénomination générale de "Lithofacies silésien™, dans l'ensemble des Carpathes externes,
montre certaines variations, aussi bien dans le sens transversal que longitudinal (par rapport a la direction
de 'aire de dépot), qui sont les plus sensibles au niveau de ’Albien. On constate d’abord que la séquence des
"gres siliceux glauconieux” tipiquement développée dans la Nappe d’Audia et seulement en partie dans la
Nappe de Tarciu, manque partout dans la Nappe des Plis Marginaux, plus externe que les deux autres. On
constate que les Couches de Streiu, ayant toujours une source externe (avant-pays) pour les arénites {marquée
par la présence des débris de Schistes Verts) sont dépurvus de "gres siliceux glauconitiques™ {orthoquartzites
glauconieux). Clette absence, qu'on constate aussi dans les Couches de Sarata (ou au niveau de I'Albien
se développent des calcaires a chailles) devrait etre acceptée comme dus a la distribution préférencielle du
matériel orthoquartzitique toujours de source externe) suivant des "trajets” des courants de rédistribution
longitudinale de ce matériel.

Les lithofacies qui surimontent les formations anoxiques "silesiennes” montrent une forte condensation: le
Vraconien-Sénonien inférieur est matérialisé dans les couches de Tisaru (monts de Vrancea) les argiles bariolés
(Demi-fendtre de Bistrita), Couches de Lupchianu et équivalents {argiles bariolés) et Calcaire de Cérnu
(Nappe de Tardu) ou argiles bariolés dans la Nappe d'Audia (Ion et al., 1994; Sandulescu et al., 1993; Micu,
1987; Micu et al., 1986; Sandulescu et al., 1987). Partout on constate que les apports arénitiques sont nuls
ou fortement reduits el que la profondeur de la zone de sédimentation a auggumenté (descendant au-dessous
la CCD?!). Cette situation devrait s’expliques par immersion totale de la source exlerne (avant-pays)
accompagnée par " approfondissement du bassin correspondant au lithofaciés "silésien”. Il faut remarquer
le large développement des silicolites dans les Couches de Tisaru qui, de ce point de vue, serait le lithofaciés
le plus profond de l'ensemble des lithofacies du Vraconien-Sénonien inférieur de la Zone du Flysch, bien qu’il
est dans une position trés externe, situation acceptable seulement dans les conditions de 'immersion des
sources de matériel détritique mentionné ci-dessous (elle se trouvent actuellement sous-charrié au-dessous
des nappes de la Zone du Flysch).

Les Couches de Lepsa sont, relativement, faciles & étre mises en corrélation avec les Couches de Hangu
de la Nappe de Tarciiu (parties externes). Toutes les deux unités lithostratigraphiques sont cantonnées dans
le Sénonien, sans pouvoir préciser la position stratigraphique de leur limite inférieure. Neanmoins on doit
accepter que les deux formations ne couvrent entidrement le Sénonien puisque les formations sous-adjentes
montent dans le Sénonien inférieur {Couches de Tisaru supérieures, argiles bariolés, Calcaires de Carnu,
Couches de Lupchianu). On constate que la fréquence des arénites dans les lithofaciés externes (Couches de
Lepsa) est nettement inférieure & celle des lithofaciés plus internes {Couclies de Hangu) bien que la source
de ces arénites est externe (avant-pays). Dans ce contexte il faut admettre que les arénites des Couches de
Hangu arrivaient par des cannyons sous-marins qui devraient traverser l'aire de sédimentation pélagique des
faciés externes (Couches de Lepsal.

Les Couches de Cagin représentent, dans la Nappe des Plis Marginaux des monts de Vrancea, la majeure
partie du Paléocéne. De ce point de vue elles peuvent élres trés bien équivalentes avec les Couches de Putna
de la partie externe de la Nappe de Tarcu, qui couvrent le méme intervale stratigraphique (Antenescu et
al., 1989; Ion et al., 1994). Sur plusieures coupes la limite Sénonien/Paléocéne serait commune avec celle de
Couches de Hangu ou Couches de Lepga ou Couches de Casin (Sandulescu et al., 1987, et note présente).
Deux situations "non conformistes” sont & retenir: les derniers niveaux de Couches de Lepsa dans la vallée
du méme nom (Ion, 1975) et les Couches de Hangu dans la vallée de Qantu (Ion et al., 1994). Ces exceptions
"aberrantes” sont encore sujet d’ étude et il est encore difficile d’avancer une conclusion.

Du point de vue paléogeographique le Paléocéne montre les mémes traits que les formations plus anci-
enncs: facies typiquement turbiditiques (flysch) sont plus internes que ceux pélitosiltiques externes (Couches
de Casin). (Vest le meme modéle qui doit permettre aux arénites des flysch (Couches de Putna) de traverser
les aires ou la sédimentation est de type pélagique mais pas turbiditique (Couches de Cagin). Pourtant
certains niveaux (séquences supérieures des Couches de Cagin) des intercalations de microbréches et con-
glomérats a débris de Schstes Verts sont les temoins de périodes accentuées de 1'activité de la source externe.

Dans la Nappe des Plis Marginaux et dans la partie externe de la Nappe de Tarciu se développent, &
cheval par rapport & la limite Paléocéne/Eocéne une séquence de flysch de type "couches & hiéroglyphes”, les
Couches de Piatra Uscatd dans la premiere et les Couches de Straja dans la denxiéme. Les deux séquences
turbiditiques sont tributaires a la source externe d’arénites. Pour le domaine des Plis Marginaux cette

séquence typiquement flysch (les Couches de Piatra Uscati) suit et précede des développements faiblement
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turbiditiques: les Couches de Cagin ef, respectivement, les Couches de Buciasu. La présence des niveaux
paléocines & la base des Couches de Piatra Uscati, ainsi que des Couches de Straja (Bratu & Alexandrescu,
1970; Dumitrescu et al., 1971) souligne le vraisemblable synchronisme de la limite inférieure de ces deux unités
lithostratigraphiques. La présence des niveaux yprésiens dans la moltié supérieure des Clouches de Piatra
Uscald et de Straja {Dumitrescu et al., 1971) soutient affirmation faite ci-dessus concernant la position de
la limite Paléocéne/ Eocéne. En ce qui concerne la corrélation de la limite supérieure des Couches de Piatra
Uscaté et de Couches de Straja il semble qu’elle se place en général au meme niveau stratigraphique, sans
pouvolr apporter plus de details.

Les Couches de Buciag, situées entre les Couches de Piatra Uscatd [au m ur) et les Couches de Bisericani
(5. - comprenant les équivalents des Couches de Strujinoasa a leurs extrémes base au toit} peuvent etre
facilement équivalentes dans les monts de Vrancea avec les Couches de Gresu (Dumitrescu, 1963) situées
dans les parties internes des Plis Marginaux, ainsi qu’avec les Couches de Legunt et les Couches de Piepturi
de la partie externe de la Nappe de Tarciu. En ce qui concerne la corrélation avec les Plis Marginaux de
la. Demi-fenetre de Bistrita et la partie externe de la Nappe de Tarcidu au nord de celle-ci, on constate que
les Couches de Buclagu correspendent a deux unites lithostratigraphiques: les Couches de Jghiabu Mare et
le Calcaire de Doamna, respectivement aux Couches de Sucevita el au Calcaire de Paszieczna. Les aspects
paléogeographiques de la séquence yprésien-lutétienne sont intéresantes a etre analysés. On constate:

- I'absence, ou le trés faible développment, des turbidites dans le lithofacies de Buciagu, pélagique,
partiellement silicifié, ayant la position paléogeographique la plus externe {au moins sur la transversale des
monts de Vranceal;

- le développment mnégal, sur différentes transversales, du nord vers le sud, des calcaires a "chailles”
(Paszieczna/Doamna) en tant qu'unité lithostratigraphique, dans le sens qu'ils sont développés sur touts la
largeur (visible) de la zone correspondant a la partie externe de la Nappe de Tarcau et & Uensemble des Plis
Marginaux {au Nord de Trotus); étant restreintes sur une petite aire (affleurements de la vallée de Doftana
- SAndulescu et al., 1987} & la partie interne des Plis Marginaux (au sud de Trotug; cette situation est
accompagnée du fail que dans la partie externe de la Nappe de Tarcéu (lithofaciés de Lesunt) ainsi que dans
la partie interne des Plis Marginaux (lithofacies de Gresu - exception la vallée de Doftana), des calcaires a
"chailles” (de type Pasieczna/Doamna) constituent des intercalations discontinues dans des séquences flysch;

- comme pour les séquences alblennes et sénoniennes, les faciés turbiditiques typiques sont situés a l'ouest
(plus internes) {Gresu, Lesunt, Sucevita) que les successions pélagiques (Buclagu, partiellement Jghiabu
Mare);

- le développement au Lutétien supérieur de la séquence des calcaires & "chailles™ sur une large surface du
bassin tributaire au matériel détritique & la source externe (avant-pays) montre une immersion imporbante
de celte source au moius dans les parties corréspondant aux secteurs centrales et seplentrionales. En effet
des calcaires & nummulites lutétiens sont trés abbondantes dans les éléments des conglomérats oligocénes
et miocénes, dant la source est toujours 'avant-pays, ce qui prouve un large recouvrement par les calcaires
lutétiens de 'avant-pays.

La corrélation de la limite inférieure des Couches de Bisericani avec celle des Couches de Plopu (de
la Nappe de Tarciu) est bien documenté (Sandulescu et al., 1987; Antonescu et al., 1989). Du point de
vue paléogéographique on doit remarquer, encore une fols que vers Iexterieur du bassin se développent un
lithofaciés pélagique, a faibles apports turbiditiques {Couches de Bisericani) tandis que les facies flysch sont
situés plus loins vers 'exterieur {Couches de Plopu et Couches de Podu Secu).

Bibliegraphie

Antonescu, E., lon, J., Alexandrescu, Gr. {1978) Nouvelles données biostratigraphiques (palynologiques et micropa-
léontologiques) concernant les Schistes Noirs et les Argiles barriolés des Carpathes Ovientales. 1), 5. Inst. Geol. (Feofiz.,
LXI/4, p.43-61, Bucuresti.

------ . Alexandrescu, Gr. {1982) Données préliminaire sur les Dinoflagellés des Couches de Hangu (Sénonien-Paléocene).
1. S. Inst. Geol. Geofiz., LXI/3, p. 61-93, Bucuresti.

— , Alexandrescu, Gr., Micu, M. (1982) Dinoflagellates in the Lower part of the Black Shales Formation {East Car-
pathians). [J. 5. Inst. Geal. Geofiz., LXVI1l/4, p. 5-19, Bucuresti.

— , Bombitd, Gh., Bratu. E., Ion, 1., Ionescu, A., Iva, M., Micu, M., Moisescu, V., Popescu, Gh., Rusu,

A., Sandulescu, M. (1988) Studii in vederea imbunitdgivii reperelor biostratigrafice ale Mezozoicului si Paleogenuhui
pentru corclarca formatiunilor de interes pentru hidrocarburi. Tema $, 10 B, Raport Arh. Inst. Geol. Rom., Bucuresti.



34 M. SANDULESCU et al.

, Bratu, E., Ion, J., Ionescu, A., Micu, M., Sandulescu, M. (1989) Biostratigraphy of the Paleogene Flysch
Formation of the Romanian Carpathians, Carp. Bale. (Geol. Asoc., XIV Congres of C.B.G.A., p. 660-663, Extended
Abstract, Sofia.

Bratu, E., Alexandrescu, Gr. (1970 Date stratigrafice si micropaleontologice asupra stratelor de Hangu si a stratelor de
Straja din Valea Bistritei (Carpatii Orientali). St. cerc. geol., Acad. R.5.R., XV/2, p. 451-466, Bucuregti.

Davey, R.J., Verdier, J.IP. (1973) An Investigation of Microplakton Assembla.ges.from latest Albian-Vraconian Sediments.
Rev. Espancla de Micropal.,, V2, p. 173-212, Madrid.

Dumitrescu, I. {1963} Nouvelles données sur la structure du [lysch miocgéosinclinal des Monts Vrancea (Carpathes Orien-
tales). Asoc. Géol. Carp.-Balc. Congr., V, IV, p. 65-84, Bucuresti.

— . Joja, Th., Sandulescu. M., Alexandrescu. Gr., Sindulescu, J., Bratu, E., Stefanescu, M., Micu, M.,

Marunteanu, M. (1971) Raport Arch. Inst. Geol., Bucuresti.

Geroch, 8., Novak, W. (1983) Proposal of zonation for the late Tithonian late Eocene, based upon arenaceous foraminifera
from the outer Carpathians. Benthos 83; 2nd International Symposium on Benthic Foraminifera, p.225- 239, Pau.

— , Nowak, W. (1984) Proposal of zonation for the late Tithonian-late Eocene based upon arenaceous foraminifera from
the outer Carpathians, Poland Benthos 83, 2nd, Int. Symp. on benthic Foraminifers, Pau.

Ion-Sandulescu, J. (1975) Microbiostratigraphie, associations et zones & foraminiféres du Crétacé du Flysch Externes des
Carpathes Orientales. Rev. Espanola de Micropal., VII/1, p. 99-111, Madrid.

— ,, Antonescu. E., Micu, M. (1985) On the Paleocene of the Bistrita Hall-Window (East Carpathians). D.S. Inst.
Geol. Geofiz., LXIX /4, p. 117-136, Bucuregti.

Ion, J.. Antonescu, E., Avram, E., Dumitrici, P., Neagu, Th., Szasz, L. (1987) Siudi in vederea fmbun&‘tégirii
reperelor biostratigrafice ale Mezozoicului g1 Paleogenului pentru corelarea [ormatiunilor de interes pentru hidrocarburi
{(Partea I - Cretacic). Tema 5.5.B. (Raport Arh. Inst. Geol. Geofiz.), Bucuresgti.

— , Antonescu, E., Alexandrescu, Gr. (1994) Contributions to the Stratigraphy of the Upper Cretaceous and Pale-
ocene in the Northern Fart of the Tarciu Nappe (East Carpathians). Rom. J. Stratigraphy, 76, p. 25-59, Bucharest.

— , Szasz, L. (1994) Blostratigraphy of the Upper Cretaceous of Romania. Cretaceous Resecarch, 15, p. 59-87, Academic
Press Limited.

Micu, M., Constantin, P., Ticleanu, N., Antonescu, E., Bratu, E. (1986) Elaborareahirtilor nationale geologice, ge-

vfizice, hidrogeologice si metalogenetice, scara 1:50.000. Foaia Coménesti (Raport Arh. Inst. Geol. Geofiz.), Bucuresti.
— (1987} Studiul geologic al Fligului si Molasei din regiunea Valea Horaita-Pangiragi-S&vinesti { Carpatii Orientali). Tezi
de doctorat, Univ. Bucuresti.

Robaszynski, F., Caron, M. (Eds.) (1979} Atlas de Foraminiféres planctoniques du Crétacé moyen Mer boreale et Thetys.
Premiere partie. Cahiers de Micropal., (1}, p. 1-185, Paris.

Sandulescu, M., Bratu, E., Antonescu, E., Neagu, Th., Coustantin. P., Popescu, O. (1987} Elaborarea hirtilor
nationale geologice, geofizice, hidrogeologice gi metalogenetice. Harta geologicd a R.S.R., se. 1:50.000, Foaia Slinic
Moldova {definitivd). (Raport Arh. Inst. Geol. Geofiz.), Bucuresti.

— , Micu, M., Bratu, E. (1987} Stratigraphy of the Bocene flysch formations of the East Carpathians. In: The Eocene
from the Transylvanian Basin, Romania, p. 159-163, Cluj-Napoca.

— , Antonescu, E., Bratu, E. (1820) Contributions & la connaissance de 'dge du Grés de Prisaca (Nappe d’Audia -
Carpathes Orientales). D.5. fnst. Geol. Geofiz., T4/4 (1987), p. 45-54, Bucuregti.
, Bratu, E., Antonescu, E., Neagu, Th., Constantin, P., Popescu, O. (1991) Elaborarea hirtilor nationale
geologice, geofizice, hidrogeologice si metalogenetice, Harta geologici a Romaniei, sc.  1:50.000, Foala Targu-Ocna.
{Raport Arh. Inst. Geol. Rom.), Bucuresti.

Verdier, J.-P. (1975) Les Kystes de Dinoflagellés de la Section de Wissant et leur distribution stratigraphique au Crétacé
maoyen. Rev. de Micropal., 17, 4, p. 191-197, Paris.



CONTRIBUTIONS BIOSTRATIGRAPHIQUES

Antonescu, Platon, Strusievicz { présent travail)

Sousdivision Unités e ) ) lon Jana (1975
stratigraphiques | Lith. Foraminiféres Dinoflagellés N-plct
EQCENE ? i
. ! Apectodinium
Sprroplecfamming avgustum
spectabilis
5 Supérieur Ape.:md.r'm'um NP S
: homoomorphum
= Glomospira i
“ difundens Cerodinium
s o o speciosum
PALECCENE = - P
(%]
al
[ »af
(5]
3
inférieur & = Glob. compressa
B |G tritocutinoides
i 2 © |6 psedobuiioides
f Petites giob, Heterohelix
MAASTRICHTIEN - G
E ‘% ) & | Gl-ana stuark
| : % |6t-ana citae
@ w
© -
; 9 g
CAMPANIEN o Eovuafls suausd 2 L | Goesefla carpathica, H.
3 ? 2 |subord,Spira subhaering.
O O
SANTONIEN
Uvigerinammina - 5up
¢ Fad ) B
CONIACIEN jankoi =
v,
M. schh. i= inf.|Gex.gr tapparanti .
TURONIEN 2 helv Xenascus ceratioides valeshoRagitovgipan
=
g W._arch. Pervosphaeridium
E 0 Bulbohaculites pseudohystricadinium Haplophrag. gigas miner
2 @ .cush. | problematicus
CENOMANIEN i
_::m) Ovoidinium scabrosum Gr frregularis
§ Paleohystrichophora NC9 R.imperfectus
VRACONIEN infusorioides Psamoosphaera
=
2 b e i Hedbergella
) Apteodinium grande ) trechoidea
y W H. planispira
ALBIEN S.5. g Ticineila
(5] £
u H- ides concavus
£
(=]
2 2
&r (&)
5 T — Gribroperidinium Verneuilinoides
< o C
APTIEN o Tl orthoceras subfiliformis
2 variabilis Hipocroppinag depressa
P i
o Reophax minutus
5 5 =
BARREMIEN ]
Gaudryna oblonga
HAUTERIVIEN

Fig. 1 - Tableau de corrélation. Biostratigraphie des formations du Crétacé et Paléogéne inferieure.



M. SANDULESCU et al.

V)
= BIOZONES
5| 2 FORAMINIFERES
x| 3 E NANNO PALINOMORPHES
x B ;
S IPLANKTONIQUES| AGLUTINEES | BENTHIQUES | PLANKTON [DINOFLAGELLES|  POLLEN
L CALCAIRES
L
<
2z
3 sl
wjiox ’
z|2°
e
)
el gt T ks
<@ ZE L R TR NP21/NP22 .
2Uer Helicosphaera Wetzelfella gochti
Ol*=m reficutata/Ericsoma
T o subdisticha
o W |Globigering %
u g tapuriensis
IE NP19/NP20 Phthanoperidinium | Boehlensipoliis
£ s amaneuvm frohfi
e {sthmolithus
i = recurvus
= O [ i
% S ahodation C‘z Sphenom‘husj. & i
dos zones a | fpo—mommemmee psevdoradians 2 3
> Globigerinatheka___| 3 ®
Y semiimolutg of ) :‘?
= Tuborofatia o 5
o cerrogzulensis| 2 B Q
M| e o g 3
a4 =z ; £ 3
o 5 | __|Cyclammina _g &
o 5 rofundidorsata o S
S 5
g ¥a) ] £
] Rl
1 R T —— -
T ks e
Gl 3 =
% 8 o | Ammodiscus
E =g fatus Wilsonidium
& & echinosuturatum
_____________ —
§ g L Discoaster
LG tri-rremsmnad o. tani nodifer
B Z |7urtorofalia
c-ar.roazufpm'r‘: ________________
PISCGNOENSES Cyclammina
"""""""""" amplectens
" s NP 15
s 0 = Nuttaliides Nanmatedriag
il 2 o fulgens
w| © fruempy!
Sl @
ol ow
o
w
Y |Turborofalia | |  pesesmssseeaseen
U |cerroazulensis
=
8 fronfosa sl o
o NP 14
Discogster
i B T T sublodoensis
Z| o] ] C 1
Ty \ NP3 f
ﬂ ag 3 \Discoaster r;
4 \Bidert: |

Fig. 2 - Tableau de corrélation. Paléogéne moven et supérieur.



37

CONTRIBUTIONS BIOSTRATIGRAPHIQUES

g bid
sauop 447G 340 F——=
o -
yAVavA! = L
sa41po)po0uIDp P4 A A SBSIOPJD SAYSIYDS == Xnesg4h SBUEaNRg FfatT.
I VAVAEl L ] ——
sasna)ibup sauspp =4 $3409]D] | m i e
e o R
s P h 'y
solbay == - S3}1JDJ0IPDY ${042W0|6U00 LI gy
a N 3 9




M. SANDULESCU et al.

EE DE PUTNA [ GURA LEPSA - GURA STREIU)

4

BIOZONES
Pseudabolivina variabilis
? Gaudrina oblonga

Reophax minutus

Z 'ds saprowbpiydoidoy
45 osodiyogoy ¢
nuoadko Diyiosog

[

D4 OUJ0§ BPUDAL
DUIUNG DUY DWD Y
FIPI0IDYI DAITSOWoNn —_—
SAANNS SNOSIpOW Wy
snynutiy xoydoay w—
SISUSIIUAOSID
‘o ¥ 95 xoydoay T

SHULOS 1) 1 GNE
FAPIOUUINNSUIIY
SISUINLO I 03U
#2 DUHWWOUUDWOY §
Dyuaanyd Dutwwoiiog
| ds saprowbosydoidoy ————
afuolgo oudipnog
SI1IQBIIDA DUIAIIOQOp NSy
DUDNUQI0A DUILILIDYI04) e
‘g5 DUNLWDPRDYY
ojob1azo; prapydsowosy
FISURIWOI0AY
FAPIOUIINAUIFA
oErasdap ouidasoddiy e RN,
TNWIU) 33 SNOSIpOw WY
DEIALOUL DI DT Y o
ds D UL DwDy )

Tableau 1 - COUPE DE LA VALL

anbibojoju03|0dosa |F1r|ll; Nl
e
nuayuoy ||[l’“'er |" .
| *"' i
FHECIT:
WAEA e
21ydoibyjoasoyyil | niosy) 3p sayanon ﬁga.qg 3p sayonon
| [ | '
29y - NL-W) & o N3ild¥ - N3IWIyyva
| I - 7




CONTRIBUTIONS BIOSTRATIGRAPHIQUES

;

Tableau 2 - COUPE DE LA VALLEE PUTNA [ GURA LEPSA - GURA STREIU} DETAIL

i

BIOZONES
Locales

gr I cookson

fssabelidinium sp. ex,

mnfusorivides

Xenascus cerafioides
pseudohystricodinivm
org

vordinium scabrosum

Pervosphaeridium
Paleohystrichoph

Apfeodinrum grande

Cribroperidinium orthoceras

X

s wanpoub uiy

sumnngLo syodonag

3opuosy00d | A8 ¥a'ds wonnpyagosy

purdsng ¥ 32 ds oy uasory

DU HNWIDS DOy TsOwoyIl

sadfod winsuoyoly

UIIBJIGE W) anyds Oydays Ay

05 Diuuasoty

xapdwos wiipuaoydsebyg

Wi 33d5ns wg ol il g

waynoinBus wannposaf o

SAQION DAY SNITDUAY
wnpoyys {ypnasd

TG T TNE LTI TR

WNIAIIooUD WiprIaoydsoysian

yopnumyd Msiropiragay

DPUAEOL DUSDYASDINouas J2

§OJ3T0YYI0 "D

ISPIOMPE Wwitipradosqiig

WANHIURLASD WinipIIaDyd LoD

o voydBossoyassfy

wipnubdw oy WwnwIsopyy

SINOLIOSY Ut Duoydoyarsiyaniod

D3UDISDI NP oYL

psoulds Dipanydsomyady

SI12040 SNSOWDI Sy Isa)rds

whdaydiwoydis whipaoyds oy

WDUCIOD WD oydays

SNSOWDL SASOWDY Sagisayuds

WSOIQDIS LHNUPIOAQ

o wipanydsoalay

Lyonaiado ouiiyIguopy

WAPUNID WNpLI3DYdsowsn

'ds praogdsyygns

apunsb wiipoaydy

anbibojojuop|ndoioly

nuajuol

31ydoiboa3s oyl

o e

I| I‘
h” AH
|i' || 1
(8l
m 1]

]
H
NiDS|] 9p $3ys2no)y - ‘

ni21}S 3p s3y2no03

Uouas

UdIUOoIN] - UDIUDWOUR) UdILICO!

!

[1napadns|Ukowqry

and
uaiqry u;wguga

39



BIOZONES

Eifelithus turriselff

M. SANDULESCU et al.

I

He43188100nd §N441194417
sonbiyuo snyjjoddy

snysnfup snasipoboyy
nbyaquasya
Djje43nydsosgiig
DJOUW 02
DJaDydso0s)padd
sippnB34di snyhouiony
SHDJO) snygesdy
supjnbay
pJapydsopnioplg
masabiow
pJabydsojaboypdg
DYDJNUAIT DIJFUPDILS
3DSOUJDG a.__gmruﬁ.*ul

anbibojojuod)DdosdIy

NUBU0)

d1ydoiblypiysouyi

o e w
...-.----...

NIa1}s 2p $3ayonoj

Tableau 3 - COUPE DE LA VALLEE DE PUTNA ( GURA LEPSA]

40




s

CONTRIBUTIONS BIOSTRATIGRAPHI QUES

41

BIOZONES
Goesella rugosa

Jankoi
problematicus

Uvigerinammina

Butbobaculifes

1SOUDLI DU
punsundgoniBioy
tupydays o 32
‘ds pubsunyogofansy
xa3)dnp xoydoay
ds nyawoisosnaty
ouozundjotibaty ;
Sl
44D SAISIGOWWY
oprw baAd Bixopigg
spmabasn padsoworg
O0J DUGLf JapuDIw
DU DUL DU DI |
ITUICIED)IA DUISOUIION
Djoyopp DU Daadiy
ysMogizsl sisdowopny |-
ds sapiourpiosdn
SAAIIS SNIS| POy
DS{adka DUISOWI0N
sisualriapygns
ouiww oasdonds

UIMNAD DUISCLUIOH
s nunpnaguay | ———————
DWISSIED) DIYAN
DS)a2x3 DIYON —
oUDIUNNOGOIT £

‘g5 plipuaInIng
sypasoly plopnbupsy

'ds sapioasngay
nfisosg voydisdyng | —————
S3I0INA0 DUISOWIOH

DSOS DIyjoLog

‘ds plubsopoy
$A30043U3 SNISIPOWLIY

anbibajojuca|odasoiy

nuajuog

]

ludoibyoaysoyn

p$da ap sayono)

nJDSIL 3P SIYIN0D

Tableau 4 - COUPE DE LA VALLEE DE STREIU

NITNVdWVI

éjutug-ng -wy




42

£

Tableau 5 - COUPE DE LA VALLEE LEPSA

M. SANDULESCU et al.

BIOZONES

Syapunyjip baidsouoly
ia

syigojoads puiwwoyI)donds

________._?___._ AR

'ds voydisdyjog

SIS SNISIpoOW Wy

g5 SIMIONIDYI0l
x3jdnp xbydoay

suadias padsowg)g
faprodDys Dadsowoln
Dasny DyEDydsaw DSy
yuaanyd Duwu 03205
UWININAG WNINAC DUISOWIOY
1ysmogdzab sisdowniny
Jo4ApUNAD DU DPQDYY
DEJ3AU0D DWW wWDy20430
S04 SAPIOUIWDYI0L]
SNydasoayay saploasnoay
DWW DuiyDyazy

‘ds sapiowbosydodoy
s;w.m,:anu_a..-'aﬁ_aqogﬁ DUIU W DD 0]
Dj0AD})D DuUIODlow ey
SISUSIDSIUIL] DUISOW IO
sijprpael paidsowarg
siyppnbass outdsow o
snsogo8 xoydoay
eMogdzal ppandsowoln
SIIJD,!nﬁaJJ_f Sap_IDU'fLLIHJDi(JQ._'I
DEjazxe DHJoN

SMDj03S XDydoasgns
sipjpasopnasd xoydoasqns
DPIIOY D))IIISI0Y
SiNqoyads 33 bulw woyoapdodsds
ojosawod ondsowarn
1yao4al Duturw DUUDW DY)
D{DWOJSISS)) DUIYDYIZY
ouvolida pDupyoyazy
suapunyip paidsowolg
asIOISOIIA DUISOWIOH

‘ds Drapsopop

s Bapaigg

g5 amp ouynzguay

s Alp Sapiawmpiosdn

T

T T TH,
anb}60103u0310d0ID 1N j| '[ ill
IH: ik i
nuajuod ::41, I | 0
[ B !
Twoeg T g T -

sainauadns

3ydoabyoysoyyn uI§D)
ap $3y2n0]




7

SIN - VALLEE DE BUCIAS

/

Tableau 6 - COUPE DE LA VALLEE CA

CONTRIBUTIONS BIOSTRATIGRAPHIQUES

z

43

DEjEIXa DHYON

SIUOINY T 4D ¢ BQnyenyi]
SILIOHSNIGNS xDydoay
siuniojanyaiigol ounowoysaly
snsojnpoy xDydoay
SNIJ35044 3 SIPIOAINIBY
nprosaf puwwDLUDWIDY ]
1ysmoghrah plasdsowon
syoiptol ondsowarg
suadias pudvoworg
suapung pp pardsowon
sopnfiadsy padsowaln
sapiasoyr budsowolg
ASUFOITD)AA DUISOWJOY
SUDIDA HIUDOR

ayom saproubor ydojdoy
ogojtupond buwwoyaoy
suppnfasn pardsowo)g

D EUBUIDIN W D)} IADYSOONG
§N{DUDI0IGNS SEPIOUILILDYIOLS
snsogo)l xoydoay

xardnp xoydoay

SISUB YUY DUISOWL O
SNIOD3ID SNISIPOW WY
Muad ¢)b snosipowwy
SNYOIGDIE 30 SNISIpOW WY

By 0y Oyt DU woaads iy
TYSNGOL DIYSON

oADEY Dualpjouuy

s voydisdyjog

DOLIOY O)3rI3LI Dy

ouobida Duyoyazy

‘ds sapioinqIo

‘ds DIJpsopoN

ds pruapng

ds sapioutproddg

DuysEO} DIYJON

DUW/HUIL DU DY3ZY

DSNIIUI DY DYATY
siqoyaads outwwpyaaidonds
sipgoysads buiwwoprajdonds
snydsowotaay

SBIOUHL DYI0N OOt
SALICIONDA JJ0 S0 DUNLHEIDY D0 |
SMGAP SIPIOUI WL DYIDI]
osorpesopnasd xoydoasgng
WAIAG DUISOWIOH

ds AP SPIOUIL DYI0L 0SS
yDOIAA0) DsIDYdSOUDSH
DIsNy DUADYdSeWDsy

DyuasDyd DU DIDDS
SN3MYS SNISIQUIUlY
wysmogAzal sisdowojoy
DIPUNAT DU DG DY &

1441 |

anbifojojuna|Ddololy

nujuo)

aydoibypysoyy

AR TR

DJDOSN DU0I4 3P SAYONA)

19Y¥

3IN3003 | 5




’

- VALLEE BUCIAS

!

Tableau 7 - COUPE DE LA VALLEE DE CASIN

M. SANDULESCU et al.

BIOZONES

augustum

Apectodinium

Apectodinium

homomorphum

speciosum

Cerodinium

‘ds whnnpo)sA308|og

souaon whiipebiyos

ds wnnpoansg

ds woipoutBuig
WSSt wniplatydsoy bupy
sapionpafyoid sajanediayoiyg
Wiy 39 owodioyoyariy sy
DYDIWDWIs D DIIpuDL e
WY UBIoS gAYy wnripoyaady
wiybpanbunl woioipogosady
wysnbnp wwpoysady
wasowor sajiajinds
whsourds oI} WIpLADYdSoposo)
$3POUI WINPIIZDYTS DI a1y
wnasnd wntuipofaady
wnyopnawod 3o wmuipaysady
snydiowoway wiwpofady
soinuuD sywanodosodisygng
‘ds buaoydsowoysy
DyOYAIUED DEIpUDYag

ds sapvaodosodiy Dujut

ds pysdacufydogs

ds wnipaoyds 1o

synwes saguayinde |

WSO WAuIposal

sayduouroud)ng

- S -
webisomsscsosessy 7| (TN |
nuajuoy :Iﬂll (TR :Jui::ﬂn,r:‘f b
e el bk bt |
|'?H|" ;'E..[[T.['T l;fl".‘[,I'{?‘. i
e s mmm e s maae —
Wil
alydoabypysoyy] | DIDOEN DYDY Bp SIYONOY) uisSD) Bp S24Yyo2non
39y BNE\IOOB 3 3 0 El 1 v 4




F

Tableau 8 - COUPE DE LA VALLEE CASIN - VALLEE BUCIAS

s

CONTRIBUTIONS BIOSTRATIGRAPHIQUES

S3INOZOid

np22/ap
np20/ap 19

np15
np it

ngl3

np9%

SisuaupdiDs JaysB0Isig

SNIOYUDUD SNYHoUaDY dT

SISO 0 SAYIDIYITIQIY

waddnay g

SISUAP0} JIYED0ISIT

S3PI0I) 104024101 SNy iNoudyds

SISUBOPOJGOS JBJSDOISIT

SipuoIb snypowsDIys

'ds DurHouDN

DJOSPOnl DuiLIp0UDYN

SASUSIPpaId snyyljovayds

1I3N30) Y

DRIIIY Doy S3US0INII Y

STISIBAUT SHIDYI Oy

snubpjados snyy1joo30g

D4a0dw o3 DJBDYISODN Y

SIWLG oW SNy jouayds

WYDINIH AL WNWUIIOIGNT

SISUBIDWO SNYLIOWSDIYD)

JAIpUD)J3p JHSDOISIG

SUDIpDJ Sy ousyds

wog g

SISUIIPDGIDG JSDOS 1

sunippJopnasd snyy youdids

opoAIp Y

SISURLDWDO0 DA SIUBL0INANAY
sisusuapdw oy

DJJS3UI40IN01BY

snuppoly snynebipanady

SHDAO DIUOSONF

snyolinfig snyyngoysbiz

DSOW.Jo) 7

Diy21451pgNs DILVOSIIIF

SNAJNIDT SNYSHOWYSS)

SAYAUIW SOJHUSJUDY

siosydna

pyanydsojuodoanay

snoIQun Y

20014y

DINSSIIT DUy SaUYOINIY BY

#xuadns snpqoysounIang

DJ OSSdap DInaiy

DJSNGOL DILOSIIIF

Mapas SNYINaH

SIWIey UDTAY SNy IINOS Dy

sn::;n;q S'.I"I_JJU‘J'JQ‘

SUIPIG SNYOW DY

SNIDIPDININW

sijigou g

Majijow JaYS0esg

maduia)y sny oy

aﬁbgﬁmo;uomndomm
QWEIN [l

= ]

o

a1ydoabiyoysoyyn

Sch. ard.
Marn.glob.

Menil.

IUDOJJAsIg 9P S2YIN0J|,

$DoNg ap SaYnoJ

Strujinoasa

UISD)

ap
$3YoN0Y)

N3!NOSVINd Nammuva‘

3N3009110 T

N

J

1 4 3 L 00 ‘

0 E|

INFI0F TV




.

4

Tableau' 9 - COUPE DE LA VALLEE CASIN - VALLEE BUCIAS

M. SANDULESCU et al.

Fruem

Nuttollides

amplectens

Cyclamming

w
(SN}
L
“ =
[t I ]
&« i f 3
=
8o 2|8
=z Sl
= (= v
X Sl=
e EQIS
o
)
L= ]
L L4
4 |
%] %)
w [T}
o
=z =
) =
= =
o I}
=
=
d
o

[
v 32
]
B
o
R=3
E
g
|
L]
= s
4 = g v
2 W A
& g, fped
o & Teg S8 g
e g c¥E 253
Lon c 23 5
Ve 983C 28 M
q ERa 22O
5 Sgﬁuk
o) E TR
LS} £ I ow kK o

cenr fronfosd

Turborotalia

1

k3

F2TUI0ITONA DUAEIG O

DERIL

ooy uignuids ¥

D} DJawooDguad 'y

1HOCIGNAG DUNNIDIY

DERIUOS) DIYOIOGIN)

DULIANZ U T

rdvas ouwsaigorn

X3apu) Dyayrowaabiqo)g

SBAJUID

Hosawod DyRoJoging

msadow) o

Dy yandiyy g

oy oduny g

whoy g

Duapzpa oursabigorn

osad oyiursabigony

ounyJadaydun o

oyoydure) 4442 g

SHDUDLL0 D

g T g

sisuarndny putsabigopn

HIDG4NY DRAWRSOUND) S

DERISGNY DHAILEOpON

NYDUOGIN SHDSIOPIG

sasoundl caprounowouy

ydwanay sapiroginy
EIUNCTELUE LTS

DU DI04 ]

Sihgoeads Dulwiwogsaidonds

B350] DJIDYdSauIns

ojusnd DUILWDIA0T

DINOU DUINDYRTY

QUL DUINDYazY

DOLIPUNAT DUNUIDPG DY

Japnpd xoydoay

DLONEs XDydoay

xaidnp xoydoay

1434)BM SAPIAAINDaY

DPIIIOLY Dif3IIal40Y

SISUDEIULL BUISOW JOH

B5UBOIS T4 DUISOWIOH

SUApUNHIP DurdSow o

spjnbals andsowo)g

S3MOIDYI Dndsowoln

SO ISapOUGNT xoydoay

DUWHESHDL DIYfoN

DYEAG0L DIYJoN

D5paoxs Doy

ysmogdzal pyaurdsow oy

SuUy PR 0D DUt Dy £

L2y saprowbpaydayd oy

snaanis Y

SNYO} SNOTIPOLLY

oAy cualopousury

nysmogdzs8 sisdownyoy

Enbificiogu 031pdoIliN

nuajuoes

H

woeg ol o2 08 Gl DIE Lt SL
25 ]E & g 2 wso)
£ 4 1215 uomussig 2p sayonoy | §o1ong ap saysno) 20 ap
aiydoiblonsouy| B £ r-fi‘ 5 et 'Er i 3! s3uon09
F32 (8% & a7
NIINDEYINY IINBINO.I.HVG| N3I13LINT | <
39 Y 3INF20970 3 5 3 0 3 a | 3NI90T VL
- 2 g
g




CONTRIBUTIONS BIOSTRATIGRAPHIQUES
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Planche I

Eléments de la microflore des Couches de Streiu (Barrémien-Vraconien inférieur).
Partie terminale des Couches de Streiu, Albien supéricur-Vraconien inférieur?. Gl 33, GL 33 bis.

Figs. 1-2 -— Apteodinium grande CooKsoN & HUNGHES, 1964 Fig. 1, lame 4A28/1; 104/58,5; 113u 1.
3A86. Fig. 2, lame 4A28/1; 114,6/60,9; 110 £. 3A86.

Fig. 3 — Cribroperidinium edwardsi (Co0KksoN & EISENACK, 1958) Davey, 1969
Lame 4A28/1; 123,5/60,8; 1004 f. 3A86.

Eléments de la microflore des Couches de Tisaru {Vraconien supérieur-Campanien inférieur).
Partie basale, Vraconien-Cénomanien inférieur, GL 39.
Fig. 4 — Ovoidinium scabrosum (sc Cookson & BEISENACK, 1964} Davey, 1970
Lame 4A34/18; 117,9/57,6: 63 f. 3A86.
Fig. 5 — Apteodinium grande Cookson & HUGHES, 1964
Lame 4A34/2; 110,3/44; 1284 . 3A86.
Fig. 6 — Lithisphaeridium siphoniphorum (Cookson & EISENACK, 1958) DAVEY & WILLIAMS, 1966
Lame 4A34/1; 109,7/49,5; 60 f. 3ART.
Fig. 7 — Stephodintum coronatum DEFLANDRE, 1936
Lame 4A34/17; 107,2/48; 90u f. 3A88.
Fig. 8 — Florentinia sp.
Lame 4A34/4; 110/61; 78u f. 3A88.
Fig. 9 — Histrichostrogylon sp.
Lame 4A34/3; 124,9/59; 75; f. 3A88.
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Planche II

lléments de la microflore des Couches de Tisaru (Vraconien supérieur - Campanien inférieur).
Vallée de Putna.
Partic basale, Vraconien-Cénomanien inférieur (GL 39).

. 1 — Spiniferites ramosus ramosus (EHRENBERG, 1838) DavEYy & WiLLiaMms, 1966,

Lame 4A34/3; 124/59; THu f. 3A88.

Partie inférieur-moyenne des Couches de Tisaru, Cénomanien inférieur-Turonien (GL 36-GL 45).

g. 2 — Palacohystrichophora infusorioides DEFLANDRE, 1935.

Lame 4A36/13; 119,5/62,5; 55¢ f. 3A86.

. 3 — FEpelidosphaeridia spinosa (CooksoN & HUGHES, 1964) DAVEY, 1969.

Lame 4A45/3; 121,9/58; 551 f. 3A86.

g. 4 — Trichodinium castaneum (DEFLANDRE, 1935) CLARKE & VERDIER, 1967.

Lame 4A36/11; 114,8/54.3; 60p f. 3ASR.

. 5 — Pervosphacridium pseudhystrichodinium (Deflandre 1937) Yun, 1981.

Lame 4A36/11; 114,8/54,3; 60u f. 3A88.

. 6 — Hystrichosphaeridium {ubiferum (BHRENBERG, 1838) DEFLANDRE, 1937. emend. DavEY &

WILLIAMS, 1966,
Lame 4A36/1; 123,2/50,3; 88 I. 3A85.

g. 7 — Gonyaulacysta cassidata (E1SENACK & COOKSON, 1960) SARJEANT, 1966.

Lame 4A36/3; 121/59.1; 68p f. 3A88.

g 8 — FIndoscrinwum campanulum (GocHT, 1959) VOZZHENNIKOVA, 1967.

Lame 4A36/4; 116/46; T8xu f. 3A86,
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Planche III

Eléments de la microflore des Couches de Tisaru (Vraconien supérieur-Campanien inférieur).
Vallée de Putna.
Partie inférieur-moyenne des Couches de Tisaru. Cénomanien inférieur-Turonien (GL 36-GL 45).
Fig. 1 — Pterodinium cingulatum (O. WETZEL, 1933) BELow, 1981,
Lame 4A36/11; 105,5/52,8; 60u f. 3A88.

Fig. 2 — Xenascus ceratioides (DEFLANDRE, 1937) LENTIN & WILLIAMS, 1937,
l.ame 4A35/8; 103,1/40; 80z . 3A85.

Fig. 3 - of, Leberidocysta chlamidata (CooksoN & EIsENvack, 1962) STover & EviTT, 1978,
Lame 4A36/1; 120,3/60,9; 73 f. 3A83,

Fig. 4 — Spiniferiies sp. cf. S, erassimuralus (DAVEY & WILLIAMS, 1966) SARIEANT, 1970,
Lame 4A36/3; 117/45.,6; 554 [. 3A88.

Fig. 5 -— Callatosphaeridium asymmelricum (DEFLANDRE & WILLIAMS, 1966) SARJEANT, 1970.
Lame 4A36/18; 122/55,5; 90u . 3A85.

Fig. 6 — Trithirodiniuwm suspectum (ManuMm & Cooxson, 1964) DavEy, 1969,
Lame 4A36/11; 110/46,5; 63p . 3A88.
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Planche IV

" Eléments de la microflore des Couches de Tisaru (Vraconien supérieur—Campanien inférieur).
Vallée de Putna.
Partie inférieur-Turonien (G 36-GL435).
Fig. 1 — Xiphophoridium alatum (CooksoN & TispNack, 1962) SARJEANT, 1966.
Lame 4A36/12; 105/63,5; 100 £. 3A86.
Fig. 4 — Corontfera oceanica (Coorson & EISENAcK, 1958) May, 1980.

Lame 4A36/11: 125/50; T1p [ 3A86.

Partie supérieur des Couches de Tisaru, affleurement sur la chaussée Sud-Est de Lepsa.
Santonien-Campanien inférieur (Gsl-Gs3).
Fig. 2 — Semioculopollis sp.
Lame 4A161/9; 116,4/55,8; 28 f. 3A86.
Fig. 3 — Odontochitina operculata (O. WETZEL, 1933) DEFLANDRE & CooKsON, 1955,

Lame 4A 1589/4; 120/50,9; 261 f. 3AS86.

Figs. 5, 7 — Isabelidinium sp. ex gr. [ cooksoni (ALBERTI, 1959) LENTIN & WILLIAMS, 1977.
lame 4A161/12; 108,3/42; 88u f. 3A86; Fig. 7, lame 4A161/20; 113/63; 88y f, 3A85.

I'ig. 6 — Glinginodinium sp.
Lame 4A161/7; 111/52,5; 651 . 3A86.

Fig. 3.



M. SANDULESCE et al C'ONTRIBUTIONS BIOSTRATIGRAPHIQUES

Rom. ]. Stratigraphy, 79, 2001



Planche V

Eléments de la microflore des Couches de Casin supéricures. Paléocéne supérieur, zone & Apectodinium
homomorphum (DEFLANDRE & CooKsoN, 1955) LENTIN & WiLLIAMS, 1977,
Vallée de Cagin - Vallée de Bucias.

Fig. 1 — Cerodinium speciosum (ALBERTI, 1959) LEnTIN & WiLLIAMS, 1987,
Lame 4A126/4; 119/43,7; 138 f. 3A83.

Fig. 2 8 Caligodinium sp.
Lame 4A126/4; 105/54; 654 f. 3A83.

Fig. 3 — Apectodinium of. paniculatum (CosTa & Downig, 1976) LENTIN & WinLiaMms, 1977, emend
HARLAND, 1979.
Lame 4A128/7; 115,9/52.8; 80p f. 3A82:

Eléments de la microflore des Couches de Piatra Uscati. Paléocténe supérieur- Eocéne inférieur.

Vallée du Casin - Vallée de Bucias.

Figs. 4-5 — Apectodinium aﬁgw:i‘-u-rn. (HARLAND, 1979) LENTIN & WILLIAMS, 1981. Fig. 4, lame 4A137/8;
105/58,5; 1684 . 3A81; Tig. 5, lame 4A141/3; 112/51; 128 f. 3A83.

Fig. 6 — Apectodinium parvum (ALBERTI, 1961) LunTIN & WILLIAMS, 1977.
Lame 4A141/6; 116,7/52; 88p f. 3AR2.

Fig. 7 — Apectodinium cf. homomorphum (DEFLANDRE & CooKsoN, 1955) LENTIN & WiLLiams, 1977.
Lame 4A137/25; 122/51,3; 93u f. 3A82.

Fig. 8 — Apectodinium homomorphum (DEFLANDRE & (looKsoN, 1955) LENTIN & WILLIAMS, 1977.
Lame 4A137; 114,5/43,1; 85u . 3AS85. i
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Planche VI

Eléments de la microfiore des couches de Platra Uscatd. Limite Paléocene/Tocéne - Eocéne inférieur? Zone

Fig

Fig

Fig

Fig.

Fig.

Fig.

3 Apectodinium augustum. Vallée de Cagin - Vallée de Bucias.

s. 1, 3 — Apectodinium augustum (HARLAND, 1979) LENTIN & WiLL1ams, 1977, Fig. 1, lame 4A137/1;
112/56.7; 153p . 3A86; Fig. 3, lame 4A137/3; 124,8/50; 150u . 3A80.

. 2 — Apectodinium sp. of. A. hyperacanthum (CooksoN & EISENACK, 1965) LENTIN & WILLIAMS,
1977.
Lame "1:‘&.13@’21: 120,8/63.8; 118u 3A80.

. 4 — Apectodinium gquinguelatum (WILLIAMS & DownIE, 1956) CosTa & Downig, 1979
Lame 4A137/4; 109/49.5; 100x f. 3A80.

5 — Apectodinium hyperacanthum (CooksoN & EISENACK, 1965) LENTIN & WILLIAMS, 1977.
Lame 4A144/1; 123,9/62,1; 100 3A83.

6 - Apectodinium parvum (ALBERTI, 1961) Lentin & WILLIAMS, 1977

Lame 4A137/23; 124,5/51,5; 83 {. 3A81.

T - Apectodinium homomorphum (DEFLANDRE & CooksoN, 1955) LENTIN & WiLLiams, 1977,
Lame 4A144/4; 115/50,1; 100 f. 3A83.
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Planche VII
Eléments de la microfaune du Crétace et du Paléocéne.
Fig. 1 — Hippocrepina depressa VASICEK.

Fig. 2-3 — Gaudrying oblonga ZASPELOVA,

Fig. 4 — Hormosina ovulum ovulum (GRZYB.).
Figs. 5-6 — Verneuilinioides neocomiensis MJIATLIUK,

Fig. 7 — Glomospira diffundens CusaMaN & RENZ.
Fig. 8 — Verneuilinioides subfiliformis BARTENSTEIN,
Fig. 9 -— Haplophragmoides sp.

Figs. 10-11 - Pseudobolivina variabilis {VASICEK).
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Planche VIII

Eléments de la microfaune du Crétace et du Paléocéne.
Fig. 1 — Pseudobolivina variabilis (VASICEK).
Figs. 2, 5 Rzehakina epigona epigona (RZEHAK).
Fig., 3 — Reophar dupler GrzYB..
Figs. 4, 6, 7 — Reophaz minutus TAPPAN.
Tig. 8 — Spiroplectammina spectabilis (GRZYB.).
Fig. 9 — Trochammina vocontiune MOULLADE.
Fig. 10 — Spiroplectammina subhaerigensis (GRZYB.).

Tig. 11 — Goesella rugosa (Hanzlikova).
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Planche IX
Eléments de la microfaune du Crétacé et du Paléocine.
Figs. 1-4 — Marginotruncana marianosi DOUGLAS.
Fig. 5 — Marginotruncana sp.

Fig. 6 — Thalmannammina meandertornata NEAGU & TocorIESCU,
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Planche X

. Eléments de la microfaune de I'Eocéne et de 1’Oligocéne.
— Acarinina nitida MARTIN, x 200. Couches de Buciag.
— Globigerina prasaepsis Bow, x 125. Couches de Bucias.
— Globigerina linnaperta EINLAG, x 140. Couches de Bisericani.
— Globigerina inaeguispira SUBBOTINA, x 150. Couches de Bucias.
— Acarining spinuloinflata (BoNDY), x 170. Couches de Bucias.
— Acarinina bullbroki BoLLl, x 150. Couches de Bucias.
— Haplophragmoides walteri (GRZYBOWSKI), x 125. Couches de Buciag et Couches de Bisericani.
— Turborotalia cerroazullensis frontosa SUBBOTINA, x 150. Couches de Bucias.

— Globigerina ampliapertura BoLLI, x 150. Couches de Bisericani, Menilithes.
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Planche X1

Eléments de la microflore des dépots de I’Eocéne inférieur et de I'Eocéne moyene.

1 — I-Iomotrybiz’mﬁ. tenuispinosum Davey & WILLIAMS, 1966, Couches de Buciag, 1F 581/1 (GT 15),
101,2/18,9, 102,5 p.
2 — Impagidinium sp., Couches de Buciag, 1F 581/2 (G'T 15), 116/24, 65 p.

3, 6 — Cordosphaeridium gracilis (RISENACK, 1954) DavEy & WiLLiams, 1966. Fig. 3, Couches de
Buciag, 1F 581/2 (GT 15), 102,9/17,0, 90 u; Fig. 6, Couches de Casin, 1F 669/5 (GT 4), 120,5/8,1,
95 .

4 — Systematophora placantha (DEFLANDRE & CoocksoN, 1955) DAVEY, DOWNIE, SARJEANT &
WiLLIAMS, 1969, Couches de Cagin, 1T 669/5 (GT 4), 105,0/5,0, 75 u.

5 — Deflandrea cocenica BALTES, 1969, Couches de Buciag, 1F 574/4 (GT 8), 108,1/24,1, 100 f.

7 — Wilsonidium sp., Couches de Buciag, 1F 581 (GT 15), 101,9/26,2, 115 p.

8 — Cordosphaeridium latispinosum DAVEY & WILLIAMS, 1966, Couches de Bisericani, 1F 665/3 (GT
293, 112,1/22,0, 80 p.

9 — Spiniferites cornutus (GERLACH) SARJEANT, 1970, Couches de Bisericani, 1F 655/3 (GT 39),
104,3/20, 117,5 4.

10 — Deflandrea speciosa (ALBERTI, 1959) LENTIN & WiLLiams, 1977, Couches de Cagin, 1F 669
(G), 111,9/23,5, 80 .

11 — Diphyes colligerum (DEFLANDRE CoocksoN) CoocKsoN, 1965, Couches de Buciag, 1F 58]
(GT 15), 114,0/7.9, 110 p.

12 - Duosphaeridium nudum (CoocksoN) LoEsLicn & LOEBLICH, Couches de Cagin, 1F 670/1
(GT 5), 100,1/14,1, 92,5 p.
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Planche XII
Eléments de la microflore des dépots de I'Eocéne supérieur.

1 — Charlesdowniea fasciata LENTIN & VOZZHENNIKOvA, 1989, Couches de Bisericani, 1F 714/3 (B
39), 112,1/12.1, 125 4.

2 — Deflandrea leptodermata CoocksoN & EISENACK, 1965, Marnes & Globigérines, 1F 635/2 (B
17), 115,0/16,4, 124 4.

3 —— Ohgosphaeridium complex (WHITE, 1842) DavEY & WILLIAMS, 1966, Couches de Bisericani, 1F
714/3 (B 39), 109,6/17,0, 105 4.

4 — Wetzeliella symmetrica WEILLER, 1956, Marnes & Globigérines, 1F 641,0/8,0 (B 23), 120,2/11,1,
130 p.

+ 5 — Operculodinium sp., Marnes & Globigérines, 1F 641,0/12,0 (B 23), 105,0/21,0, 120 p.
1g. 6 — Wilsonidium baltesii n. sp., Couches de Bisericani, 1T 725,0/1,0, 107,6/3,9, 150 .

. 7 — Areosphaeridium diktyoplokus (KLumpp, 1953) EaTon, 1971, Marnes a Globigérines, 1F 645,0/4,0

(B 27), 103,2/25,0, 135 u.
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Planche XIII
Eléments de la microflore des dépéts de I'BEoctne supérieur et de I'Oligocéne inférieur.

.1 — I:ejeunecysta hyalina(GERLACH, 1961) emend. KJELSTROM, 1972, ARTZNER & DORHOFER, 1978,
Schistes ardesiformes, 1T 712/2 (MO 8), 107,0/23,0, 85 p.

2 — Hystrichokolpoma eisenachi, WiLLIaMs & DoWNIE, 1966, Couches de Bisericani, 1F 715,0/2,0
(B 40), 99,1/17,1, 67,5 1.

. 3 — Deflandrea granulosa MENENDEZ, 1965, Couches de Bisericani, 1F 616/6 (B 31), 111,1/4,9, 135

i3

4 — Thalassiphora pelagica (EISENACK, 1954) ErseNack & GocHT, 1960, Couches de Bisericani, 1F
620,0/1,0 (B 35), 104,5/20,9, 132,5 p.

5 — Wilsonidium antonescui n. sp., Couches de Bisericani, 1F 725/4 (B 50}, 102,1/9,1, 120 p.

6 — Areosphacridium multicornutum Earon, 1971, Couches de Bisericani, 1F 622/2 (B 37), 102,0/6,8,
55 p.

7 — Glaphyrocysta sp., Marnes a Globigérines, 1F 632/7 (B 14), 104,2/12,1, 75 p.

8 — Charlesdowniea clathrata subsp. angulosa LENTIN & VOZZHENNIKOVA, 1989, Marnes & Glo-
bigérines, 1F 632/10 (B 10), 120,9/23,0, 1625 1.
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Fig.

Planche XIV
Eléments de la microflore des dépéis I'Focene supérieur/1’'Oligocéne inférienr.

1 — Impletosphaeridium sp., Couches de Bisericani, 1F 655/3 (GT 29), 114,9/23,8, 100 4.

Figs. 2, 3, 6 — Boehlensipollis hohli KRruTzscH, 1962, Marnes 4 Globigérines, 1T 635/1(GT 17), 105,2/5,7,

Fig.

Fig.

Fig.

Fig.

30 u; 110,0/10,9, 27,5 u; 120,0/8,9, 30 4.

4 -— Rhombodinium perforatum (JAN DU CHENE & CHATEUNEUF, 1975) LENTIN, WILLIAMS, 1977,
Couches de Bisericani, 1F 654/1 (GT 28), 118,2/4,3, 100 p.

5, 8 — Phthanoperidinium amoenum, DRUGG & LoEBLICH, 1967, Marnes 3 Globigérines, 1F 635/2
(B 17}, 1052/13,5, 110 u; 1F 635/8 (B 17), 111,0/10,9, 37,5 4.

9 — Systemalophora placacantha (DEFLANDREA & COOKSON, 1955) DAVEY, DOWNIE, SARJEANT &
WiLLIAMS, 1969, 1F 635/5 (B 17), 105,0/23,1, 50 4.

L0 — Deflandrea leptodermata CooksoN & EISENACK, 1965, Marnes a Globigérines, 1F 635/4 (B
17), 114,9/13,1, 45 p.

- 11 - cf. Phthanoperidinium sp., Marnes 4 Globigérines, 1F 635/2 (B 17), 99,0/25,2, 112,5 p.

g- 12 — Deflandrea granulosa CooKson & EISENACK, 1965, Marnes & Globigérines, 1F 635/1 (B 17),

99,0/25,2, 112,5 p.

- 13 - Non identifié, Marnes & Globigérines, 1F 635/1 (B 17), 107,8/7,2, 80 73
- 14 — Samlandia clamydophora BiseNack, 1954, Marnes & Globigérines, 1F 635/1 (B 17), 98,6/25,1,

Th e
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INFLUENCE OF THE NEOGENE TECTONIC ON THE ENTRAPMENT
OF THE OIL RESERVES IN THE ZAGROS OROGENIC BELT OF IRAN

M. L. BORDENAVE

Consultant - 24, Avenue Président Kennedy, 75016 Paris, France,

J. A. HEGRE
TOTAL, Cedex 47, 92069 Paris La Défense, France

Key words: Neogene. Tectogenesis. Oil reserves. Thermal modelling. Zagros. Iran

Abstract: The relative chronology of the orogenic events related to the closing of
the South Tethys, during the Neogene, significantly influenced the generation, migra-
tion and entrapment of petroleum in one of the world’s richest province, the Dezful
Embayment of the Zagros orogenic belt of Iran, which contains some & % of the
global reserves in an area of only 40,000 sq k. Oil and associated gas are trapped
in large-sized whaleback anticlines, which resulted from the main Zagros compressive
phase. This phase began towards the end of the Middle Miocene at around 10 Ma
and continued throughout the Late Miocene and Pliccene. Oil and gas accumulated
in two calcareous reservoirs, the Sarvak Fm of Cenomanian/Turonian age and the
extremely prolific Asmari Fm. of the Early Miocene, well protected by the evaporites
of the Gachsaran Fm. Three excellent source rocks, i.e. the Neocomian part of the
Garau Fm, the Kazhdumi of Albian age and the Padbeh of the Middle Eocene to
Early Oligocene, were deposited in intracratonic depressions located in the Arabian
Platform, when anoxic conditions prevailed. The Arabian Platform remained stable,
with a low subsidence during the Late Cretaceous and part of the Cenozoic, up to the
Early Miocene, circa 30 Ma. The subsidence was slightly higher during the deposition
of the Asmari, between 30 and 20 Ma, then a sudden increase, between 20 and 3 Ma,
corresponded to the deposition of the Gachsaran evaporites, the Mishan Fm., and the
extremely thick, up to 4000 m, molasse-type sediments of the Agha Jari Fm. Mod-
elling, using burial profiles and heat flow assumptions based upon maturity indices,
such as the actual geothermal gradient, the vitrinite reflectance and rock- eval param-
elers, showed that the IXahdumi and the Pabdeh source rocks attained the onset of the
oil expulsion window, during the deposition of the Agha Jari Fm between 8 and 3 Ma.
According to this chronology, oil was expelled from source rocks recently when the
Zagros structures already existed. Therefore, oil migrated over short distances to the
next trap within an already well-characterized system of drainage areas, the geometry
of which could be deduced from seismic data. Moreover, the Zagros folding induced an
important fracturing observed at the outcrops and in the wells. This fracturing, which
affects the limestones as well as the marls, enhanced a subvertical transfer of generated
hydrocarbons towards the reservoirs, and especially towards the well capped Asmari
Limestone, in which 75 % of the oil accumulated. Due to such short distances of
migration, the oils could be directly related to the source rocks which generated them.
These relations are confirmed by oil-to-source rock correlations based upen stable iso-
topes (**C, **S) and bhiomarkers. Modelling applied for each drainage area provides
estimates of the amount of the oil generated by each source rock. The calculated es-
timate was then compared to the oil-in-place really accumulated in the corresponding
field. Therefore, the use of such a modelling technique, which could provide before
drilling an estimate of the amount of the oil to be found, was only possible because
the Zagros structures already existed at the time of the oil migration.

Introduction
In the Zagros Foldbelt of Iran, a small-sized depressed area, the 40 000 Sq km Dezful Embayment, part

of the Khuzestan province, corresponds to an impressive gathering of 45 oilfields which contain more than
330 billions barrels of oil in place, accounting for & % of the global reserves (Figs. 1 and 2).
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Fig. 1 — Middle East sketch map

The coexistence of favorable factors, such as exiremely rich source rocks, excellent reservoirs, a widespread
efficient evaporitic cap rock, large-sized anticlines and rock fracturing, resulting from the Neogene folding,
explained in part this prolific oil province. Another reason which is developed in this paper is the relative
chronology of the oil expulsion from the source rocks as compared to those of the formation
of the huge Zagros anticlines. The two aspects of this relative chronology are discussed, i.e. the history
of the Zagros orogenic phases, mainly during the Neogene, and the timing of oil generation, expulsion and
migration which is related to the subsidence history of the study area. The timing of the oil expulsion was
estimated by thermal modelling using the Arrhenius equation and the GENEX program designed by Institut
Frangais du I"étrole (IT'P) and BEICIP.
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Fig. 3 - Schematic stratigraphy and source-reservoir-seal relationship for the Dezful Embayment and neighbouring
areas. Main source rocks (SR}, reservoirs (Res) and seals are indicated {after Bordenave and Burwood, 1995).
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Fig. 5 — Carbon and Sulfur isotope cross-plot of Dexful Embayment oils (after Bordenave and Burwood, 1990).

Geological setting

The stratigraphic column is summarized in Figure 3. Sedimentation remained dominantly calcareous,
consisting of areobic high-energy limestones, with breaks of sedimentation on the highs and low-energy
argillaceous limestones and marls in the depressions (James and Wynd, 1965, Murris, 1980). The calcarcous
sedimentation was temporarily interrupted, either by evaporitic episodes, or by sudden influxes of clastics.
Evaporites developed as a result of arid climate episodes during the Late Proterozoic with the deposition
of the thick Hormusz salt, during the Triassic (Dashtak Fm), at the end of the Jurassic (Gotnia and Hith
Fms), and at the end of the Early Miocene (Gachsaran Fm). Large amounts of clastics, resulting from
the erosion of the Arabian Shield, likely after uplift phases and under humid climates, invaded the shallow
marine habitat during the Rhaetian, Middle to Late Barremian (Zubair Sands), Albian (Burgan Sands)
Cenomanian (Wara 'm) and Early Miocene (Ahwaz Sands),

Excellent source rocks were deposited during Silurian, Middle Jurassic, Neocomian, Albian, Barly Ceno-
manian and Middle-Late Eocene. Several papers have already described these source rocks, and in particular
their depositional environment, areal extent, thickness and geochemical characteristics. The prolific Kazd-
humi source rocks of Albian age were described in some detail (Bordenave and Burwood, 1995). Another
paper was devoted to the Cretaceous source rocks including, in addition to the Kazhdumi, the Garau Fm
of the Neocomian and two layers which were found to have only a marginal potential, namely the Gadvan
Formation of Barremian and the Gurpi marls of Senonian (Bordenave and Huc, 1995). An overall picture of
the source rocks, also including the richi Silurian Shales, the Sargelu Fm of the Middle Jurassic and the
Pabdeh Fm of the Middle Eocene to Early Oligocene was given in another paper (Bordenave, in press).
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These source rocks were deposited in intracratonic depressions when anoxic conditions prevailed as a result
of water stratification, in high-stand waters, associated to either humid climates er oceanic upwellings.

With the exception of the Silurian shales, deposited in a polar environment and related to a marked
transgression resulting from the melting of Ordovician glaciers, the other source rocks were deposited in
tropical or equatorial dominantly calcareous environments. They contain at least 70 % carbonates and
should be considered as marls or even as argillaceous limestones. All these source rocks have excellent
characteristics with TOC values reaching 4 and 12 % and Hydrogen Indices in the 650 g HC/kg C range.
They are generally thicker than 250 m in the center of the depressions (Garau, Kazhdumi and Pabdeh). While
the Silurian shales contain little sulfur, Jurassic and younger source rocks, deposited in euxinic environments,
contain up to 7 to 9 % organic sulfur. :

Intracratonic depressions, in which Jurassic and Cretaceous source rocks were deposited, were surrounded
by shallow platforms and carbonate shoals. Their communication with the Neo-Thethys was hampered by
the existence of shallow water sills. On the contrary, the Pabdeh source rocks were deposited in a NE-SW
clongated trough parallel to the Zagros suture. Anoxic conditions during the Focene were probably related to
upwelling currents in the Western Mediterranean Sea, as suggested by the phosphatic and cherty character of
the bituminous argillaceous carbonates deposited in Jordan from the Maestrichtian to the Eocene {Beydoun
et al., 1974). '

The Silurian source rocks caused the accumulation, before the Zagros folding, of huge quantities of gas In
the Permian limestones capped by Triassic evaporites on early regional highs and sali-related structures,
emplaced during Cenomanian. The influence of the Zagros folding was limited to the relocation of the gas
m newly formed anticlines such as Aghar, Dalan, Kangan and Nar in Fars, and Samand and Kabir Kuh in
Lurestan. The Paleozoic Petroleurn System, related to the Silurian source rocks, is not studied here (see
Bordenave, in press). By contrast, the generation of oil from Cretaceous and Tertiary source rocks,
its expulsion, migration and entrapment resulted from Neogene events.

The Cretaceous Tertiary Petroleum complex in the Dezful Embayment

Three reservoirs were potential candidates to accommodate oil and gas accumulations in the Dezful
Embayment: the extremely prolific Asmari limestone of Early Miocene which contains about 75 % of Iran
onshore oil reserves, the Bangestan Group, which includes the Sarvak Formation of Cenomano-Turonian and
the Tlam Formation (Santonian), accounts for 23 % of the reserves, and the Khami Group of Neocomian
to Aptian age which would contain only 2 % of the total (Fig. 3).

The 250 to 500 m thick Asmari reservoir is a high energy limestone rich in large foraminifers (Nummulites,
Neoalveolins, Myogypsins...) which retains excellent reservoir characteristics over most of the study area. [ts
reservoir quality is generally enhanced, close to the tops of anticlines, by a prominent system of fracturing.
In SW Khuzestan, the basal part of the Asmari becomes sandy (Ahwaz Sandstone Member), increasing its
porosity even more. The Asmari is capped by thick evaporites of the Gachsaran Formation which provide
an efficient seal.

The Bangestan Group includes the very thick (300 to 1000 m) Sarvak limestone and the thinner Ham
(50 to 200 m). The two reservoirs are separated in Lurestan by the Surgah marls. The Bangestan is
known under two facies: a high energy neritic facies with massive limestones, rich in gastropods, pelecypods,
large forams and rudist debris, which has often fair reservoir characteristics, and a basinal equivalent, tight,
micritic, often argillaceous limestone, known as the " Oligostegina facies”. Basinal facies extend over Central
Lurestan and in NW-SE trough in Khuzestan, from MIS to Karanj. The Pabdeh and Gurpi marls are most
of the time, heavily fractured, as observed at surface outcrops as well as in well cores. Therefore, the Asmanri
and Bangestan are often connected.

The Khami Group includes two high energy limestones of the Fahliyan Formation of Neocomian and
the Dariyan of Aptian separated by the more argillaceous lower energy Gadvan Formation. The Dariyan
1s capped by the Kazhdumi marls. Reservoir characteristics of the Khami are developed in Fars, where
it is oolitic and pellety, but not associated there with Cretaceous or Tertiary source rocks. Its reservoir
quality becomes poor in Khuzestan and disappears in NE and Central Lurestan, where it is replaced by
its basinal time-equivalent, the Garau facies. Up to now, the exploration of the Khami reservoir has been
disappointing with only limited amounts of oil found (Ahwaz, Chillingar) and marginal gas reserves {Agha
Jari, Gachsaran). However, the Khami targets were often not properly tested due to technical problems,
when drilling deeper than 4500/5000 m.
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(contours are in feet)

0 ) 10 Km
e ed

/ Limit of the Marun
/ drainage area

Fig. 10 - Area of drainage: the Marun field (alter Bordenave and Nili, 1973).

A question to be answered is what source rocks really charged the three reservoirs available in the Dezful
Embayment i.e. Asmari, Bangestan and IChami, or more precisely have the older source rocks: Silurian
shales and Sargelu marls, participated in the charge of these reservoirs?

The Paleozoic Petroleum System, related to Silurian shales, does not interfer with younger systems. In
Coastal and Central Fars and offshore, no post-Paleozoic source rocks are known, while in Lurestan and
perhaps Khuzestan, thick basinal evaporites of the Adaiyah. Alan and Gotnia Formations (Fig. 3) prevent
Paleozoic hydrocarbons to reach Cretaceous or younger reservoirs. Moreover, the §'2C of the Silurian shales
kerogen is about -31 °/oq (Fig. 4) as compared to -27.2 to -24.5 ° o for the Dezful Embayment and Zagros
Foothills oils (Fig. 5} (Bordenave and Burwood, 1990, Brosse and Bordenave, 1993).

The Sargelu organic-rich marls (initial TOC in the 6 to 10 % range) of Middle Jurassic are developed in
Lurestan and I(huzestan where Gotnia evaporites prevent hydrocarbons originating in the Sargelu to reach
the overlying Bangestan and Asmari reservoirs. Moreover. the efliciency of the 100 to 200 m Gotnia seal
is confirmed by a well marked difference between the isotopic composition of the Sargelu pyrolysate, p.e.
(§13C=28.7+0.5" /4o (Fig. 4) and oils accumulated in Asmari and Bangestan reservoirs.

A Cretaceous/Tertiary Petroleum Complex, independent from older Petroleum Systems, can be defined
in the Dezful Embayment. [t is formed of three reservoirs, Asmari, Bangestan and Khami mainly charged
by three source rocks, the Valanginian part of the Garau Formation {Fig. 6}, the Albian Kazhdumi {T'ig. 7]
and the Pabdeh of Middle Eocene to Early Oligocene (Fig. 8). Another source rock, the Ahmadi Member
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High Zagros, (B} in Central [ran block {after Stocklin, 1974).
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Pig. 12 - Sketch showing in Lurestan the relationship between the Arabian Platform and the Neo-Tethys during in
the Triassic and after the pre-Maestrichtian phase (after Braud, 1987).

R,I' Radictarite trough
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agceanic crust

of the Sarvak Formation, which is bituminous in the northern Arabo-Persian Gulf and in the Binak area,
accumulated in front of the prograding wedge of the Wara Formation of Late Cenomanian age. The impact
of the Ahmadi Member, as far as oil generation is concerned, is limited to the southern top of the Dezful
Embayment.

The Garau source rocks are overlain, in the Dezful Embayment, by thick basinal argillaceous limestones
of the Fahliyan and the Gadvan Formations, then by a poor characteristic reservoir formed of the Dariyan
Formation (Fig. 3). Some oil generated by the Garau may have reached the Dariyan together with some
oil migrated per descensum from the Kazhdumi. However, as the amount of oil trapped in the Dariyan
represents less than 2 % of the total of the oil accumulated in the Dezful Embayment, the contribution of
the Garau is considered as negligible. Only two source rocks, Kazhdumi and Pabdeh are assumed
to have charged the Asmari and Bangestan reservoirs and are therefore considered for modelling.

If oil expulsion from Kazhdumi and Pabdeh source rocks have occurred prior to the Zagros
folding, oil would have then migrated along a low-angle dipping ramp, toward the Arabo-Persian
Gulf, northern part of Saudi Arabia and Southern Irag (Fig. 9). With such a scenario, oil may have been
trapped far away from the kitchen area where it was formed. On the contrary, if the oil expulsion happened
when the Zagros folds existed, or at least have commenced to grow, the oil generated would have moved
toward the closest anticlines (Fig. 10). In this case, seismic data would allow to define, for each anticline,
an area of drainage from which all the oil formed would charge the anticline.

In an area of drainage situation, oil-to-source rock correlations become possible and a modelling
technique can be applied as a prevision tool (Bordenave and Nili, 1973),

The Tectonic History of the present Zagros Foothills

The orogenic phases, observed near the edge of the Arabian Platform, close to the margin of the Neo-
Tethys, were reviewed together with their impact on the Platform itself, in terms of unconformities, readjust-
ment of the previous fault network, movement of the Late Proterozoic Hormuz salt, erosion and subsidence.

The relationship between the subsidence of the Platform and the orogenic phases are discussed with some
details, as the source rock burial and the timing of oil and gas generation depend upon subsidence. The



INFLUENCE OF NEQGENE TECTONIC ON OIL RESERVES IN IRAN 69

entrapment of the generated oil and gas, if it happened before the Zagros folding, is rules by the geometry
of drains and reservoirs, at the time of migration, which is related to the differential subsidence. .

The tectonic history may be summarized, as follows:

Paleozoic. Available data suggest that during Precambrian and Paleozoic, the Central Iran block was
part of the Arabian Platform and thus belonged to Gondwanaland (Fig. 11). On the Arabian Platform, a
"Hercynian” phase caused the formation of a system of N-S oriented horsts and tilted blocks. This phase
was well observed in Saudi Arabia where exploration wells have shown that more than 1000 m of sediments
were removed on some horsts (Mc Gillivray, 1992). Similar conclusions were made in Iran from outcrops in
the High Zagros (Szabo and Kheradpir, 1978).

The Triassic pull-apart and the formation of the Neo-Tethys. From the Late ‘Iriassic, the sim-
ilarity between the Arabian Platform and Central Tran ceased abruptly. While the shallow water, mostly
calcareous sedumentation continued on the Platform, a sudden change into coal-bearing paralic and conti-
nental clastic deposition attested the uplift of Central Tran and its fragmentation into a horst-and-graben
system, indicated by abrupt changes of thickness of Upper Triassic and Liassic deposits across fault block
boundaries (Stécklin, 1968 and 1974). :

As part of the rifting, a deep trough was formed on the NE edge of the Arabian Platform new margin.
Deep marine sediments, i.e. radiolarites and siliceous micritic limestones were associated with turbiditic
deposits originating in the adjacent platforms. The lower layers of these sediments were dated as Late
Triassic. NE of the Radiolarite Trough, a narrow continental slab, parallel to the newly-formed margin,
extending over 400 km from Lurestan to Iraq was individualized. This slab, known as the Bisotun Shoal, acted
as a barrier reefl on which more than 3000 m of high energy limestones were deposited almost continuously
from Late Triassic to Cenomanian (Braud, 1987).

To the NE of the Bisotun Shoal, a new ocean or Neo-Tethys resulted from the pull- apart between the
Arabian Platform and Central Iran (Fig. 12).

The first period of stability of the Arabian Platform. The formation isopachs, the facies distri-
bution and the absence of marked unconformities show the remarkable stability of the Arabian Platform
during 180 Ma, from the Permian transgression to the end of Albian. A monotonous shallow-water dom-
inantly calcareous sedimentation continued in Fars, while more argillaceous basinal facies and relatively
deep-water evaporites accumulated in the Lurestan depression.

Contrarily to what could have been expected, the breaking between the Arabian Platform and Central
Iran did not correspond to any anomaly on the Arabian Platforim, even close to its NE edge. As shown on
‘Figure 13, subsidence remained moderate and almost constant during this long period. Apparent subsidence
{ratio between a formation thickness and the duration of its deposition) remained in the 20 m/Ma range.

During this period, the Neo-Tethys began to widen with formation of oceanic crust, as the result of the
northward drift of Central Iran, while a Paleo-Tethys, which existed in Paleozoic al the present northern foot
of the Elbourz range, progressively narrowed and was closed by the end of Lias (Stocklin, 1974). After the
suture of the Paleo-Tethys, the African-Arabian plate continued to move northwards (Dercourt et al., 1985,
Scotese and Golenka, 1993). The Neo-Tethys progressively narrowed as a result of its subduction underneath
Central Iran, whose SE edge was an active margin, as shown by tectonic activily and metamorphism which
ceased at the end of Jurassic. Later, it is likely that this subduction was relayed by an intra-oceanic arc with
local duplication of oceanic crust and isostatic compensation (Desmond and Beccaluva, 1983, Braud, 1987).

The Middle Cretaceous instability. Epeirogenic movements induced during Cenocmanian a partial
readjustment of the "Hercynian” fault network, together with the mobilization of the Hormuz salt, i.e. the
plercement of a large number of salt diapirs and the formation of salt domes and NS elongated salt swells
(Kent, 1979). These salt-related structures caused a marked thinning of the Upper Cretaceous sediments
(Koop and Stoneley, 1982). : _

A sudden and simultaneous increase of subsidence was observed everywhere on the present Zagros
Foothills, during Cenomanian. The apparent subsidence, during the deposition of the Sarvak Formation,
increased almost ten times as compared to those of the previous period, to reach 180450 m/Ma (Fig. 13).
This downwarping of the Arabian Platform was synchronous to the very beginning of a pre-Maestrichtian
orogenic phase marked, near the NE edge of the Arabian Platform, by the appearance of brecciated facies
in the Sarvak Formation, indicating a growing instability.

The pre-Maestrichtian collision. The uplift of the former Radiolarite Trough and its erosion were
observed along the NE edge of the Arabian Platform, both in Fars, around Neyriz (Ricou, 1974) and in
Lurestan (Braud, 1987).
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d — Section from Bakhtegan Lake to Rushan Kuh,

b - Section on the southern edge of the Bakhtegan Lake showing the transgression of the Tarbur
Limestones (Maestrichtian) on the radiolarite nappes (R), then the transgression of Eocene limes-
tones {(Ec) over all the older formations, nappes and autochthonous (Cenomanian = Ce, Turonian =Tu
and Coniacian = Co.

Fig. 14 ~ Schematic scction of the pre-Maestrichtian nappes NW of Neyriz (after Ricou, 1974),

In the Neyriz area, Coniacian globotruncana limestones contain thin beds of conglomerates consisting
of radiolarite microclasts and debris of turbiditic shallow water limestones. NW of Neyriz, at Rushan Kuh
and Kuh-e Dalneshin (Ricou, 1974, Stoneley, 1982) these beds are replaced by a "flysch” made of radiolarite
material {Arsenjan " Flysch”). In Lurestan, the first radiolarite micro-elements were found in Campanian
marls. At Kuh-e Zangalian, 10 km NW of Kermanshah, in Lurestan, marls dated as Campanian become
chaotic at their top and contain unsorted blocks from pebble-size to a few cubic meters of contorted radiolarite
and Cretaceous limestones interpreted as an olistostrome, originating in a. very close uplifted area.

Always in the Neyriz area, at least five low-angle pellicular units, thrust one over the other (Pichakun
nappes), were emplaced upon Cenomanian to Conlaclan autochthonous sediments without any visible trun-
cation at the tectonic contact. Each of these units contain a similar succession of well-dated sediments,
l.e. pre-rift Triassic marls, associated with Ladinian-Norian reefal facies, and post-rift sediments: siliceous
limestones with few radiclarite beds and turbidites (Lias-Dogger), thick radiolarite (Late Jurassic to Ap-
tian) and Cenomanian conglomeratic limestones. The contact between units correspond, most of the time,
to plastic Triassic marls which acted as detachment surfaces. These nappes were probably emplaced by
aravity and not as the result of compression (Ricou, 1974). Extremely thick, up to 7000 m, massive basic
volcanic rocks made of gabbro and peridotite, interpreted as ophiolite are thrust over the Pichalun nappes.
However, hetween the radiolarites and the ophiclites, a chaotic assemblage of polymorphic blocks of various
size, mapped as a "Coloured Melange”, include huge slabs of Megalodon limestones dated as Triassic, up to
7 lkm long, 2 km wide and 300 m thick. This "Coloured Melange” was interpreted by Ricou, as a tectonic
melange scrapped by the ophiolite nappes, when emplaced as a result of an extremely strong compression,
and now accumulated in front of the nappes (Fig. 14).

A similar history can be reconstructed in Lurestan, but folded radiolarite nappes are thrust by the
massive limestones of the Bisotun Shoal, which arc in turn thrust by at least two ophiolite units. The first
one, according to Braud {1987) which includes gabbros, harzburgite and diorite could have been derived from
the tholeitic magma of an intracratonic island arc. This arc would have corresponded to the subduction of
the SW oceanic crust associated with the Arabian-African plate below the NE oceanic crust associated to
Central Iran. A short (10 Ma) but violent compression may have resulted from the collision between the
descending Bisotun Slab and the NE oceanic crust. This compression would have provoked the aggradation
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of the former Radiolarite Trough and the Bisotun Slab to the Arabian Platform. and the obduction of the
ophiclite nappes on the top of the two other units (Fig. 12).

The second period of stability. The tectonic activity abruptly ceased and thick shallow-water lime-
stones of the Tarbur Formation dated as Maestrichtian sealed the nappes in NE Fars and remained undis-
turbed for a long period (Fig. 14). In Lurestan, the thrust units still formed a high-relief zone, which was
actively eroded with the accumulation of thick detrital sediments (Amiran ”Flysch” and conglomeratic red
beds of the Kashkan Formation of Paleocene to Middle Eocene). The area was eventually covered by slightly
unconformable Late Eocene Shahbazan limestones.

Unexpectedly, no trace of pre-Maestrichtian orogeny was observed on the Arabian Platform. There, the
HNam limestones of Santonian are conformably overlain by the marls of the Gurpi Formation in which the
Campanian-Maestrichtian limit was only recognizable from micro-paleontologic evidence.

After the Coniacian uplift, a second period of low subsidence was observed on most of the Platform for
67 Ma, extending from Late Cretaceous to end of Oligocene. The apparent subsidence was, in general, lower
than 10 m/Ma. A noticeable exception corresponds to a subsiding depression which extended over NE FFars
(apparent subsidence in excess of 100 m/Ma) where Tarbur limestones and Sebkha-type anhydrites of the
Sachun Formation accumulated during Maestrichtian and Tarly Paleocene.

The Early Miocene instability. With the exception of the low angle unconformity already mentioned
in Lurestan towards the Middle Eocene, and a slight unconformity in the Rushan Kuh, between alveolinid
limestones of Middle Eocene and reefal Early Miocene limestones (Ricou, 1974), no significant movements
were observed on the Platform NE edge until the end of Early Miocene. However conglomerates in the Rezak
marls of the Neyriz area and a 1000 m thick conglomeratic unit close to Firuzabad in Lurestan (Braud, 1987),
both dated as Barly Miocene, are evidence of another growing instability marked by the uplift and the active
erosion of the NE edge of the Arabian Platform including the radiolarites and the pre-Maestrichtian ophiolite
nappes. - -

On the Platform, the subsidence increased moderatly during the deposition of Asmari (20 to 50 m/Ma),
but became extremely important with the deposition of the Gachsaran evaporites (70 to 500 m/Ma according
to places). The low subsidence corresponding to the deposition of the Mishan Tormation, toward the limit
of Early to Middle Miocene may be due, at least in part, to a period of deposition shorter than estimated
and may not be significant (IMg. 13). _ .

As for the pre-Maestrichtian phase, the downwarpim‘ of the platform, which began during the deposition
of Asmari and Gachsaran, preceded the main phase of the Zagros orogeny.

The main Zagros orogenic phases. The first evidence of the closure of the l\eo Tethys was probably
observed at Rushan Ikuh, NW of Neyriz. There, undisturbed reefal Early Miocene limestones are overlain by
500 m of "flysch” becoming conglomeratic towards the top. These conglomerates contain elements of
quartz and biotite which proved the vicinity of the metamorphosed Central Iran block (Ricou,
1974). Later, locally huge developments of syntectonic conglomerates, grouped into a convenient, but vague,
Bakhtiari Formation remained undated and did not provide any age-dating of the main Zagros orogenic
phases. The younger undisturbed sediment on the NE edge of the Platform has been dated as
Burdigalian (Ricou, 1974). '

Large-sized nappes were thrust, as a result of the collision with Central Iran, over an already eroded
surface mncluding Miocene "flysch”, various older Tertiary layers of the extended Arabian Platform and even
on Eocene volcanics which were interpreted by Braud (1987) as a former Neo-Tethys residual oceanic crust.
The nappes were emplaced through almost horizontal thrust planes.

In T'ars, the front of the Khounsar thrust unit extends on more than 100 km following a N\T -SSW
direction. The nappes include from bottom to top (Ricou, 1974).

e highly metamorphosed ante-Triassic sediments, including gneiss, amphibolites, massive limestones in
which fusulins are still visible and chloritoschists,

e weakly metamorphosed massive shallow-water with few slightly schistose ar crllhccous intervals, dated
as Early to Middle Cretaceous;

e Eocene conglomerates, with Nummulites and Alveolins.

These sediments are similar to those described in Central Tran, in the Sirjan-Senanda] zone defined by
Stocklin {1968). In Lurestan, the Kuh-e Garun nappe [Braud and Ricou, 1971) included a metamorphic

unit with schists, marbles and quartzites overlain by 1200 m of massive liunestones dated from Barremian to
Senonian.
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NE of the front of the Khounsar and Kuh-e Garun nappes (Iig. 15), a NW-SE almost linear accident,
subvertical to a 45%-dipping thrust plane, made of a succession of en-echelon dextral faults seems to limit to
the SW the Central Iran Block metamorphic sediments. This accident would extend over 1700 km from the
Van Lake in Turkey to the Hormuz Strait (Braud and Ricou, 1971).

This dextral strike-slip accident shifted the nappes and would be younger than the emplacement of the
nappes. According to Ricou (1974), the first phase corresponded to a NW-SE shortening of the Zagros area
and to the formation of the large amplitude NW-SE Zagros folds. The second phase provoked a NS shortening
with dextral movement along the Zagros suture. It would also have reactivated the old "Hercynian” fault
network, such as the Kazerun fault. It is also likely that the second phase accentuated the folds with
formation of assymetric and even slightly thrust SW flanks. Some anticlinal axis anomalies such as Rag-e
Sefid and several structures in Fars may be related to the second phase.

On the Arabian Platform, the subsidence remained very high during the deposition of the Agha Jari Fm,
from 100 to 300 m/Ma on anticlinal tops and up to 500 m/Ma in deepest synclines (Fig. 13). However,
according to seismic data, the Mishan Formation and the lower part of the Agha Jari Formation remained
almost isopach, while the upper part of the Agha Jari Formation, including the Lahbari Member
dated as Pliocene, pinched out as a result of the structure growth. Therefore, the main structure
growth would be Late Miocene to Pliocene, mainly occurring between 10 and perhaps 3 Ma. However, the
Zagros belt is still tectonically active as shown by the gentle warping of the Bakhtiari conglomerates and by
Quaternary terraces affected by strike-slip faults. Moreover recent earthquake epicenters are located in the
Zagros Foothills, i.e. in the Arabian Platform, while the former metamorphic Central Iran zone is seismically
inactive. A large majority of the epicenters corresponded to NS major dextral faults which are still active,
and are rather shallow, 0 to 20 kmm (Niazi et al., 1978). They seem to be related to a continuing folding of
sediments above the Hormuz salt which acts as a detachment level.

It is also interesting to note that the Bakhtiar: conglomerates do not contain any pebbles from the Fars
Group i.e. Gachsaran, Mishan and Agha Jarl Formations, but rounded pebbles and cobbles of Oligocene,
Eocene and Cretaceous limestones and cherts (James and Wynd, 1965). This shows that the Bakhtiari
conglomerates are not formed from the erosion of the higher parts of growing anticlines, but rather from the
erosion of the High Zagros, NE of the Mountains Front.

Characteristics of the Zagros folds

The amplitude of folding progressively decreased from NE to SW, when going away from the Zagros
suture, from assymetric, often thrust, high-relief large-sized anticlines to low-relief structures such as Ab-e
Teymur, Mansuri and Binak. SW of these structure, the influence of the Zagros orogeny is hardly visible
(Falcon, 1961), and structures are rather NS oriented, 1.e. they are related to salt pillowing along ” Hercynian”
faults which were reactivated during Middle Cretaceous.

Typical Zagros anticlines formed impressive large-amplitude whale-back shaped mountains, sometimes
deeply dissected by erosion. These anticlines, 5 to 15 km wide and 50 to 100 km long are often assymetric
with a steeper or even reverse SW flank. The large size of the anticlines is explained by a thick pile of
competent sediments, up to 10 km, bounded by detachment layers, the thick Hormusz salt below and the
Gachsaran anhydrite and salt above (Colman-Sadd, 1978). However in SW Fars and Dezful Embayment
another detachment level, the Triassic Dashtak anhydrite should also be considered. In Lurestan, several
other potential detachment layers exist in the Jurassic, namely the Adaiyah, Alan and Gotnia evaporites
(Fig. 3).

The anticlines are formed by parallel folding resulting from a combination of flexural slip and neutral
surface folding (Fig. 16). In most of the anticlines, the Asmari limestones show normal faults or small
tensional grabens at their top {Mc Quillan, 1973 and 1974). Tensional conditions also provoked an intense
fracturing (Fig. 17). As mentioned by Mc Quillan, anticlinal tops provide "a text book of structure related
tension fracture sets”. In a parallel neutral surface folding, fractures theoretically extend down to the plane
of no strain which limits the tensional zone above from the compressional one below.

Surface ohservations, made in Fars, Lurestan and NE Khuzestan Mountain Front show that fractures
generally extend at least down to the Sarvak Formation, i.e. that the Asmari and Sarvak limestones, as well
as the thick Pabdeh-Gurpi marls are fractured. A similar conclusion can be drawn from the study of the
numerous cores taken in exploration and production wells. ,
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Tectonic history and geochemical modelling

Few points, which resulted from the tectonic history of the present Zagros Foldbelt are critical for
geochemical modelling:

1. Subsidence

The subsidence in the Zagros domain remained moderate for 250 Ma, from the Permian transgression,
ie. 280 Ma, to the end of the Asmari deposition, i.e. 30 Ma, excluding the short increase of subsidence
during the deposition of the Sarvak Tormation. During this long period, the average apparent subsidence
varied little, around 20 m/Ma (17 to 20 m/Ma in Fars, and 20/23 m/Ma in the Dezful Embayment and
Lurestan).

Then, the subsidence dramatically increased from 20 to 3 Ma, averaging up to 350 m/Ma. As a conse-
quence, oil generation occurred very recently. The burial of the I{azhdumi source rocks was not sufficient
for the oil window to be reached by the end of the Asmari deposition. At the end of the Mishan deposition
{10 Ma) the oil expulsion window was not reached, except perhaps in NE Khuzestan in the Paris area.

2. Age-dating of the Zagros folding

As. previously mentioned, the last well-dated undisturbed sediments on the NE edge of the Arabian
Platform belong to Burdigalian. The thrusting of the Kuh-e Garun and Khounsar nappes is younger than
15 Ma. According to seismic, the folding would commence not too long after the beginning of the deposition
of the Agha Jari Formation, perhaps around 10 Ma ago. The period of structural growth is likely to have
continued from 10 to 3 Ma, later the tectonic activily continued, but at an extremely low pace.

3. Fracturing

Extensive fracturing developed in high relief anticlines. This probably explains why in most of the Dezful
Embayment major oil and gas fields, the Asmari and Sarvak reservoirs have some degree of connection, from
a complete interconnection with the same oil-water contact, as for Agha Jari, Bibi Hakimeh, Grachsaran,
Pazanan and Rag-e Sefid fields, to a partial connection, in which the lighter fractions of oil and gas moved
with difficulty through a poorly developed fracture network (Ahwaz, Mansuri). The fracturing is extremely
important, as it allowed easy subvertical migrations of the Kazhdumi-originated oil up to the Asmari reser-
voir, well capped by the Gachsaran evaporites. It is also possible that the fracturing of the Kazhdumi marls
facilitated the oil expulsion process.
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By contract no fracturing is observed in some low-curvature deeply buried anticlines no fracturing is
observed and Asmari and Sarvak appear to be independent reservoirs as at Ab-e Teymur. Qil generated by
the Kazhdumi would remain trapped in the Sarvak, while oil originating in the Pabdeh would accumulate
in the Asmari. '

4. Absence of Fars Group material in the Bakhtiari conglomerates

The absence of material derived from the Gachsaran, Mishan and Agha Jari Formations in the Bakhtian
conglomerates seems to discount the assumption of a deep erosion on the top of Zagros growing structures
in the Dezful Embayment. The Agha Jari Fm was measured to be 3000 m thick in the syncline between
(iachsaran and Agha Jari-Pazanan structures (James and Wynd, 1965), while it is only between 700 and
1200 m on Agha Jari and Pazanan tops, and it does not exist at Giachsaran, where the Mishan Formation
outcrops. The thinning of the Agha Jari Formation seems to result more from a depositional pinch out
rather than the deposition of a thick Agha Jari followed by a deep erosion. Seismic observations corroborate
this assumption. The evaluation of the erosion is a critical factor in modelling.

The assumption of a relatively modest erosion is not applicable, however, to the Kuzhestan Mountain
Front and to the High Zagros anticlines from where the Bakhtiari material was derived. For instance, at the
Bangestan well, the erosion attained the top of the Dariyan Formation (Aptian) and thickness of the eroded
section was estimated to almost 3000 m.

5. Determination of the main modelling parameters

The GENEX program designed by IFP/BEICIP was used for this modelling exercise (see Ungerer, 1993
and Tig. 18). Burial profiles were constructed for selected wells, located close to the top of the main
field anticlines (Fig. 19). Erosion was carefully estimated {rom geological reconstruction and extrapolated
vitrinite profiles.

In order to determine a thermal history, different hypotheses using either a variable or a constant heat
flow through geological time were tested. However, because of the remarkable stability of the Platform, from
the Permian transgresssion to the beginning of the deposition of the Gachsaran Fm, the assumption of a
constant heath flow was used. The actual temperature profiles and the values calculated for each burial profile
were checked (Fig. 20), keeping in mind that BHT data are often 10 to 15 C lower than true temperatures.
Vitrinite profiles from 3 wells: Agha Jari 123, Bangestan 1 and Paris 35 (Burwood, unpublished company
reports cited by Khosrovi Said, 1987) were also used for calibration (Fig. 21 a, b, ¢}. A reasonable fit was
obtained for both measured temperature and vitrinite profiles with a constand heat flow of 36 mW /m?.

Kinetic parameters determined by pyrolysis in the lab and the OPTKIN program of the IFP for immature
samples from the Kazhdumi and Pabdeh source rocks (Espitali, personal communication) were used in the
model. These parameters were calibrated with measured Rock Eval data, Tmax (Fig. 22 a, b) and Hydrogen
Indices (Fig. 23 a, b) from two wells, Mansuri 1 and Paris 35.

The onset of the oil window was then determined by using both the calibrated heat flow and the kinetic
parameters of each source rock. The expulsion window was also determined, assuming that expulsion started
when 30 % of the source rock pore space was saturated by generated petroleum. The beginning of the
expulsion window was compared to the time of the structural growth of the Zagros anticlines which was
assumed to have commenced 8 Ma ago, much later than previously assumed (Ala, 1982).

In the example presented here for a well located on the top of the Marus structure, the beginning of
the oil window (Transformation Ratio, TR=10 %) was dated as 15 Ma (Figs. 19 and 24) for the Kazhdumi
and 3 Ma for the Pabdeh, both corresponding to the time when source rocks were buried around 3000
m. However, the expulsion window was attained 5 Ma ago for the Kazhdumi and it is not yet
reached for the Pabdeh (Fig. 24). The expulsion of cil from the Kazhdumi would have commenced when
the Transformation Ratio reached 24 %. The actual TR would reach respectively 56 % and 17 % for the
Kazhdumi and the Pabdeh (Figs. 25 and 26).

The same exercise was made for the deepest part of the synclinal area bordering Marun to the NE,
where according to seismic data, the Agha Jari Formation, together with thin Bakhtiari conglomerates was
assumed to be 3800 m thick (Figs 27 a, b). The onset of the Kazhdumi oil window also happened 15
Ma ago, which is obvious and no difference of burial is expected, before the deposition of the Agha Jari
Fm and before the structural growth, between a well located on the Marun field and in the present deep
syncline before the deposition of the Agha Jari Formation and before the structural growth. The expulsion
commenced 8 Ma ago, about synchronous with the structural growth. The actual TR would be as high
as 97 % (Figs. 28 a, b). At that depth, the gas window was reached. For the Pabdeh source rocks,
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expulsion began 3.5 Ma ago, while the actual TR reached 66 % (Figs. 29 a, b).

6. The concept of area of drainage and calculation of the amount of oil generated

In the example of Marun, oil began to be expelled from the Kazhdumi 8 to 5 Ma ago, when the structure
growth has already begun. Therefore, the drainage area concept could be applied and short range, almost
vertical migration enhanced by fracturing of the Bangestan to Asmari interval, allowed to closely relate oils
to the source rocks they were derived from. Similar conclusions were obtained for other fields for
which oil expulsion began, at the earliest 8 Ma ago, in the deeper synclinorial area, but was
in general younger.

The geometry of the drainage area for each field was deduced from seismic data. FEach drainage area was
then cut into slices of 1000 feet (304.8 m) thick {Fig. 10). A burial profile was reconstructed for each of these
slices, which allowed to calculate for each source rock, i.e. Kazhdumi and Pahdeh, the actual Transformation
Ratio (TR}, and the amount of oil generated and expelled. The calculated amount of oil generated by a
source rock for the whole area of drainage, Qc, would be:
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Fig. 24 — Marun burial profile and expulsion windows for a well located close to the top of the anticline,

Q. = h (TOC x HI) (pR; 3°5; TR;)

where h is the source rock thickness in the area of drainage
TOC total organic carbon of the source rock per weight of rock
HT its Hydrogen Index
S;i the surface of the slice 1
(R the rock specific gravity
TR; TR calculated by the model for the slice i
If Q¢ is expressed n barrels, I in meters, TOC as a proportion MI in kg HC/ton of C, (pg = 2.5 t/m3,
S; in Sq km and TR %, Q. would he:

Q. = 19.65 10% h (TOC.HI) (3°S; TR;)
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The amount expelled would be, when expressed in barrels:
Qg = 19.65 10° h (TOC.HI) (TS; Exp;)

Exp; is the expulsion coeflicient or ratio between the amount of oil expelled to the oil gencrated.

As an example, amounts of oil generated and expelled wene calculated for a large size field (designated as
Field A) of the Dezful Embayment, from the geometry of its drainage area and the source rock characteristics
in the same area.

In the Marun drainage area A, the calculated oil in place generated by the Kazhdumi source rock
amounted to 138 billion barrels of oil in-place, from which only 114 billion barrels were expelled. The Pabdeh
would have generated 21.4 billion barrels of which only 6.7 billion barrels were expelled. The respective share
of Kazhdumi and Pabdeh, for the oil generated in area A, would be 85 and 15 %. However, the Kazhdumi
expelled 95 % of the total amount of oil and the Pabdeh only 5 % (Fig. 30).

The initial amount of oil (and equivalent gas) in-place trapped, mainly in the Asmari reservoir, connected
with the Bangestan, corresponds roughly to 50 % of the calculated amount of oil (and equivalent gas) expelled
from the Kazhdumi and Pabdeh source rocks in the area of drainage A, as defined by seismic data. The
same calculation was done for all fields of the Dezful Embayment. As an average, slightly less than 20
% of the oil calculated to have been expelled from the source rocks in the Dezful Embayment
were found as oil-in-place in the discovered fields. However, the discussion of the results are out of
the scope of this paper. '

Conclusion

In the Dezful Embayment, which part of the Iranian Zagros Foothills, excellent source rocks, Kazhdumi
(Albian) and Pabdeh (Middle Bocene to Oligocene] coexisted with outstanding reservoirs, Asmari (Early
Miocene} and Bangestan (mostly Cenomanian}, the Asmari being capped by the efficient evaporite cap rock
of the Gachsaran Formation (Early Miocene). Moreover huge whale-back anticlines provide large size traps.
However, the direct charge of these traps was possible only because the oil expulsion from
source rocks oceurred when Zagros folds were already formed.

The Zagros folds were formed as the result of the collision of the Arabian Platform with the Central Tran
Block which caused the closing of the Neo-Tethys. The chronology of the Zagros orogeny was studied both
on the NE edge of the Arabian Platform, close to the plate limit and on the Platform from seismic data.
I'olds began to grow around 10 Ma ago.

The timing of the oil and gas generation and expulsion was calculated by modelling using burial profiles
and kinetic parameters calculated for each of the two main source rocks, from pyrolysis experiments and
application of the OPTKIN program. Heat flow assumptions which gave a reasonable fit between observed
values of the actual temperature profiles, vitrinite reflectance profiles, source rock parameters, such as Tmax
and Hydrogen Indices, and values calculated by the model, were used in this exercise. Qil was found to be
expelled from the source rocks at & Ma at the carliest in the deeper synclinal areas.

Because of these result, the concept of drainage area can be used for modelling, i.e. an area of
drainage can be defined, from seismic information and the oil-in-place to be found in the anticline.
Moreover, the fracturing of the interval Bangestan to Asmari, resulting from the folding facilitated vertical
migration towards the Asmari capped by the Gachsaran evaporites. The same method can be used as
a previsional tool for undrilled anticlines, provided the geometry of their area of drainage is
known from seismic data and that source rock characteristics can be extrapolated.

As a conclusion, the unusual gathering of giant oil fields of the Dezful Embayment is in part due to
Neogene events, [olding as well as oil expulsion, which both occurred during the deposition of the thick
molasse-type Agha Jarl Formation, from Late Miocene to Pliocene.
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STRATIGRAFIA DEPOZITELOR NEOGENE DIN ZONA HUDESTI
— PLATFORMA MOLDOVENEASCA -
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Abstract: Stratigraphy of the Neogene Deposits in the Hudesti Area - Moldavian
Platform. The study of the cores from seven drillings, localized in the Hudesti area,
allows the detailed litho and biostratigraphic characterization of the Neogene sedimen-
tary succession, extended on a surface of about 5 q.km. [t has been noticed that the
Neogene deposits, unconformably overlying the Cretaceous formations, consist only of
Upper Kossovian and Lower Volhynian sediments, separated by a marly - limestone
marker level. The Upper Kossovian succession is made up of several lithologic se-
quences, as followes, from bottom to top: calcareous, sandy, gypsiferous and marly
sequences. The fossiliferous content of these deposits is represented by foraminifera
belonging to the Velapertina Zone (Popescu, 1979) and calcareous nannofossils typical
of the Discoaster exilis - NIN6 Zone (Syracolithus dalmaticus - NN6¢ and Calcidiscus
leptoporus - NNBd subzones, Mirunieanu et al., in press). Both fossiliferous commu-
nities define the Late I{ossovian. The Lower Volhynian formations are also constituted
of the following lithologic sequences, from bottom to top: marly - clayey, clayey - siltic,
clayey and sandy with pebbles. The three types of mollusc assemblages with Obso-
letiforma ruthenica + Mohrensternia, Mactra (Sarmatimactra) eichwaldi + Ervilia
and Duplicata + Pirenella, typical of the Early Volhynian, have been identified in
these deposits. The same age has also been confirmed by the foraminifera belong-
ing to the Varidentella reussi and Elphidium reginum zones (Popescu, 1995) and by
the nannoplankton communities, that characterise the Braarudosphaera bigelowii and
Calcidiscus leptoporus centrovalis zones (M&runteanu, 1999).

Depozitele neogene ale cuverturii Platformel Moldovenegti au constituit subiectul unui mare numir de
lucrdri stiintifice, apartinand in special cercetétorilor scolii iegene de geologie. Raritatea deschiderilor natu-
rale, mai ales in partea nordicé a platformei, au ingreunat mult descifrarea constitutiei litologice si corelarea
depozitelor miocene.

Pornind de la premiza ci datele furnizate de foraje pot intregi imaginea geologici locali sau regionali,
prezentam in cele ce urmeaza un studiu lito si biostratigrafic detaliat al depozitelor Miocenului mediu, din
arealul localitdtii Hudesti. Acest studiu a fost realizat prin investigarea carotelor unui numir de 7 foraje,
existente In Litoteca Institutului Geologic al Roméaniei.

Mentionez faptul cd asociatiile de molugte, foraminifere si nannoplancton calcaros au fost determinate
de colegii Dr. I. Papaianopol, Dr. Gh. Popescu sl respectiv Dr. M. Marunteanu, cirora le multumese pe
aceastd cale.

1. Incadrarea geologicd a zonel investigate

Zona investigatd este situatd in partea nordicd a Platformeil Moldovenesti, intre raurile Siret si Prut, pe
teritoriul localitatii Hudesti, la izvoarele vaii Bageu (fig. 1).

Platforma Moldoveneasc, parte integrantd a Platformel Europel Orientale (S&ndulescu, 1984), este
alcituitd dintr-un soclu epicarelian si o cuverturd ce debuteazd cu formatiuni vendiene (Patrulius, lordan,
1974), urmate de depozite ce apartin urmatoarelor cicluri de sedimentare: Cambrian, Ordovician, Devonian,
Jurasic superior - Eocretacic, Cretacic superior si Neogen.

Ciclul neogen cuprinde, in succesiune stratigraficd normald, sedimente badenian - superioare (kossoviene),
sarmatiene gi meofiene (Mutihac, Ionesi, 1975).

In partea nordicd a Platformei Moldovenesti, intre Siret gi Prut, unde se afli amplasat st arealul Hudesti,
ciclul neogen este alcituit in exclusivitate din depozite badenian - superioare {(kossoviene) si sarmatian -
inferioare (volhyniene). Cele badeniene au fost impérgite de Paghida - Trelea (1969) in trei orizonturi si
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Fig. 1 - Amplasarea forajelor studiate in aria Hudesti

{ Schitd geologic dupd Harta Geologic a Romaniei 1:200000, foaia I Darabani )

anume: orizontul conglomeratelor cu silex si al nisipurilor cuartoase, ce trec lateral la gipsuri sau anhidrite,
orizontul calcarelor §i marnelor cu Lithothamnium i orizontul marnos - argilos cu rare intercalagii de tufuri
sau bentonite.

Succesiunea volhyniani, transgresivi peste cea badeniani (lonesi, Ionesi, 1983}, debuteazd cu sedimente
organogene (Atanasiu, Macarovici, 1950), considerate a aparfine Buglovianului (Iones, Tonesi, 1982). in
aria localititii Hudesti, faciesul organogen este inlocuit de unul terigen, predominant marno - argilos, cu o
intercalatie de tuf (Macarovici, Jeanrenaud, 1958), denumiti de Simionescu (1902) Tuful de Hudesti.

Stiva volhyniani se continui cu depozite nisipo - conglomeratice (Macarovici, 1958) cu rare intercalagii
argiloase, cunoscute sub numele de "orizontul inferior al Volhynianului” (Macarovici, Jeanrenaud, 1958). La
sud de Hudesti, urmeazd in continuitate de sedimentare "orizontul superior al Volhynianului” (Macarovici,
Jeanrenaud, 1958), separat de cel inferior prin Calcarele de Burdujeni (Tonesi, 1968).

Continuturile fosilifere, cantonate in depozitele Miocenului mediu din Platforma Moldoveneasca, au fost
studiate in decursul anilor de numerosi cercetitori (Cobalcescu, 1883; Huicd, Lubenescu, 1982; Ionesi, 1968,
1980; Tonesi et al., 1995; etc.), ale ciror interpretiiri biostratigrafice au permis datarea, corelarea si evolutia
succesiunii sedimentare in timpul Neogenului.

2. Litostratigrafie

In urma studiului carotelor celor 7 foraje amplasate in perimetrul Hudegti (fig. 1), s-a observat cé stiva
depozitelor badenian superioare - sarmafian inferioare admite a fi impartitd in mai multe secvente litologice,
dupi tipul predominant de roci (fig. 2 - 8).

Astfel, formatiunile badeniene incep cu o secvent calcaroass, alcatuitd din calcare masive cu Lithotham-
nium, decimetrice, cu intercalatii centimetrice de calcare oolitice bogat fosilifere (foraj 27818, fig. 2), gresii
(foraj 3615, fig. 3) sau mai rar brecii calcaroase (foraj 3620, fig. 5) si chiar argile, uneori siltice (forajul
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3616. fig. 7). Calcarele oolitice, mai frecvente in nordul perimetrului (forajele 27818, 3615 si 3613, fig. 1),
apar sporadic in sudul acestuia. Faciesul calcaros este inlocuit, in extremitatea sudici a zonci investigate,
prin marnocalcare cenusii sau albicioase, compacte (foraj 22985, fig. 8). Intr-un singur foraj (3613, fig. 4),
In partea superioard a acestei secvente, a fost observatd o intercalatie de tufit, de 0,75 metri grosime.

In continuitate de sedimentare urmeazi secventa nisipoasa, alcdtuitd din nisipuri cenusii, medio la fin
granulare, cu numeroase elemente de cuart si cuartite. Nisipurile admit intercalatii de gresii subgiri, de
grosimi gi frecvente variabile, in carc pot fi identificate vesturi de Pectinidae (22985, fig. 8).

Urmeazd, in succesiune stratigrafici normald, secventa gipsiferi, ce consti din alternante, mai mult san
mal putin regulate, de gipsuri albe zaharoide si anhidrite cenusii - negricioase cu zone brecioase (foraj 3613),
intre care se pot intercala gresii calcaroase oolitice {foraj 3613) sau marnocalcare cu spirturi concoidali
(foraj 3615), sub forma unor strate de maximuim 15 cm grosime.

Ultima secventa a stivel badeniene, marnoasi, este alcituiti in exclusivitate din marne albicioase masive,
frecvent fosilifere, uneori coninand resturi cirbunoase, eflorescenie de sulf sau chiar cristale de pirita (in
forajele 3613 1 3615). Lateral, ea are grosimi variabile, efilandu-se in forajul 27818 (fig. 2).

Succesiunea sarmatiana (volhynian - inferioard) poate fi 5i ca subdivizati in mai multe secvenie litologice,
interceptate in totalitate mai ales de forajele din nordul ariei investigate (fig. 2-4). Spre sud, ultimele secvente
sarmatiene (fig. 5-8) au fost inldturate partial sau total de eroziunea post volhyniani.

Secventa argilo-marnoass, dispusé discordant peste depozitele badeniene, are in bazd un nivel reper de
marnocalcare cenusii, strdbitute de numeroase diaclaze umplute cu gips secundar fibros. Ea este formats
din alternante de argile i marne, siltice pe suprafetele de stratificatie, ce admit rare si subtiri intercalatii
de siltite sau chiar marnocalcare (foraj 3615, fig. 3). De reguld in baza secventei apar numeroase resturi de
macrofaun,

In continuitate de sedimentare se dezvoltd secventa argilo - silticd, alcituitd din alternante decimetrice
de argile fin stratificate i siltite, puternic micacee. Uneori (forajele 27818 si 3615) siltitele contin cuiburi de
piritd si resturi organice vegetale. :

Urmeazd secventa argiloasd, constituitd in exclusivitate din argile cenusii, masive.

Cea mai noud secventi volhynian - infericard este dati de cea nisipoasd, cu intercalatii frecvente de
pietriguri in partea infericard gi argile siltice in cea superioarf. Ta a fost interceptati numai de forajele
27818, 3615 si 3613 (fig. 2 - 4), localizate in nordul perimetrului Hudesti. Nisipurile, medio - granulare
pand la grosiere, sunt de reguld slab micacee si contin numeroase elemente de cuarf, cuartite si calcare.
Pietrigurile, fin Ia medio - granulare, slab sortate, sunt alcituite din galetl de roci metamorfice, frecvente
cuartite, calcare albe sau rosii, gresii cenusii dure sau albe cuartitice, de tip Kliwa. Intr-un singur foraj
(3613, fig. 4), in partea inferioari a acestel secvente, apare un pachet de aproximativ 1,5 m de tufite albe
cu nannofosile calcaroase, ce aminteste de nivelul reper al Tufului de Hudesti (Simionescu, 1902).

3. Biostratigrafie

Intf'eaga succesiune sedimentard a Miocenului mediu, interceptati de forajele studiate, este foarte bogati
in resturi fosile (fig. 2 - 8), in special de moluste si nannoplancton.

In secventele badeniene, calcaroass gl nisipoasd, au fost observate diferite specii de Pectinidae, insofite de
nannofosile calcaroase apartinand Zonei Discoaster exilis (Martini, 1971). Ultimele, sunt reprezentate printr-
o comunitate cu Coccolithus pelagicus (WaLLICcH), Coccolithus miopelagicus BUKRY, Calcidiscus leptoporus
(MuRrrAY & Brackman), Calcidiscus macintyrei (BUKRY & BRAMLETTE), Helicosphaera carteri (WalL-
LICH), Helicosphaera stalis THEODORIDIS, Helicosphacra wallichii (LoHMANN), Helicosphaera walbersdor-
fensis MULLER, Cyclicargolithus floridanus (ROTH & HAY), Reticulofenestra pseudoumbilicus (GARTNER),
Syracolithus dalmaticus (KAMPTNER) si Scapholithus fossilis DEFLANDRE. Intreaga asociatie defineste Sub-
zona Syracolithus dalmaticus - NN6¢ (Marunteanu et al., in press), tipicd Kossovianului superior.

In partea terminals a secventei marnoase badeniene (fig. 3, 4, 7, 8), i ansamblul de nannofosile meniionat
mai sus, 1§i face aparitia specia Calcidiscus pataecus (GARTNER) care anunta debutul Subzonei Calcidiscus
pataecus - NNOd, ce marcheazd sfargitul Kossovianului (Marunteanu et al., 1999).

Intr-un singur foraj, 3620 (fig. 5), a fost identificats o asociatie de foraminifere apartinand Zonei Velaper-
tina (Popescu, 1979), cu Velapertina iorgulescui PoPEscu, Velapertina indigena (Lucz.), Haplophragmoides
Iragilis HOGL., Spiroplectammina marinae (d’ORBIGNY), Textularia pala Czyz., Siphotextularia concava
(KARRER), Martinotiella communis d’ORBIGNY, Sigmoilinita tenuis (Cz4z.), Triloculina gibba ’ORBIGNY,
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Fig. 5 - Stratigrafia depozitelor neogene. Foraj: 3620 Hudesti (42,39 m).

Baggatella gutsulica (LIVENTAL), Cribononion notabilis (PISHVANOVA).
Depozitele sarmatiene contin trei tipuri de comunititi de moluste, care in ordine stmttgl aficid normala

se succed astfel: asociatia cu Obsoletiforma ruthenica, cu Mactra si Frvilia i cu Duplicata gi Pirenella.

Primul tip de asociatie, caracteristic Buglovianului (lonesi, Ionesi, 1982) sau debutului Volhynianului
(Papaianopol, 1998), a fost identificat 1 sccventele marno - argiloasd si argilo - silticd, fiind alcituit din Ob-
soletiforma ruthenica (HILBER), Mohrensternia styriaca HILBER, Mohrensternia inflata (ANDRZEJOWSKI),
Tapes vitalianus I’ORBIGNY, Inaequicostata inopinata GRISCH.

Al doilea tip de asociatie, tipic pentru Volhynianul inferior (Papaianopol, 1998), se dezvoltd in partea
terminali a secventei argilo - siltice si in secventa argiloasd. Este definit de ansamblul speciilor Mactra {Sar-
matrimactra) eichwaldi LASKAREV, Plicatiforma mitralis (EicnwaLp), Plicatiforma latisulca (SIMIONESCU
& BARBU), Plicatiforma plicata (EIcHWALD), Ervilia trigonula Soxorov, Ervilia dissita (TCICHWALD),
Ervilia podalica ( E1ICHWALD).

Ultimu! tip de asociatie, identificat n partea terminald a secvenfei argiloase g1 In secventa nisipoasi cu
pietrisuri, contine Pirenclla nodosiplicata (HoErNES), Duplicata (Duplicata) dissita (DUBOIS), Duplicata
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Fig. 6 — Stratigrafia depozitelor neogene. Foraj: 3619 Hudesti (142,20 m).

(Duplicata) corbiana (d’ORBIGNY), Acteocina sinzowsi (KOLESNIKOV), Paphia naviculata (R. HOERNES),
Paphia vitaliana (A’ORBIGNY), Paphia gregaria (PARTSCH) si Plicatiforma mitralis (EzcuwarLp). Comuni-
tatea de molugte mengionatd caracterizeazd partea superioari a Volhynianului inferior.

Nannofosile calcaroase, care insotesc cele trel tipuri de asociatii de molugte, atesti vérsta volhynian
inferioard pentru depozitele cantonatoare. Ele pot fi incadrate in Zonele Braarudosphaera bigelowii gi Cal-
cidiscus leptoporus centrovalis (Marunteanu, 1998), corelabile cu Zona Discoaster kugleri - NN7 din scara
standard de nannoplancton (Martini, 1971).

Primei biozone ii apar(in speciile Braarudosphaera bigelowii (GRAN & BrAARUD), Caleidiscus leptoporus
(MURRAY & BLACKMAN), Calcidiscus macintyrei (BUKRY & BRraMLiTTE), Coccolithus pelagicus (WAL-
LIcH), Coccolithus miopelagicus BUKRY, Discoaster brouweri TaN, Discoaster variabilis MARTINT & BRaM-
LETTE, Helicosphaera carteri (WaLLICH), Helicosphaera walbersdorfensis MULLER, Helicosphaera stalis
THEODORIDIS, Reticulofenestra pseudoumbilicus (GARTNER), Rhabdosphaera pannonica BALDI - BEKE,
Rhabdosphaera claviger MURRAY & BLACKMAN si Sphenolithus abies DEFLANDRE.

Chiar sub primele nivele de pietriguri, in asociatia de nannoplancton mai sus mentionatd, a fost iden-
tificata prima ocurentd a speciei Calcidiscus leptoporus centrovalis STRADNER, bioeveniment ce marcheazs
debutul biozonei cu acelagi nume.
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Fig, 7 - Stratigrafia depozitelor neogene. Foraj: 3616 Hudesti (142,99 m).

In forajul 3620 (fig. 5) secventa argilo - marnoasi contine asociatii de foraminifere cu Varidentella reussi
(BoGD.), Varidentella sarmatica (KARRER), Varidentella rotundata (GERKE), Varidentella pseudocostata
(VENGL.), Articulina articulinoides (GERKE & 1ssa REVA), Bolivina moldava DIDK., Porosononion hyalinum
BoGD., apartinand Zonei Varidentella reussi (Popescu, 1995), ce caracterizeazi Volhynianul inferior.

Spre topul secventei argilo-siltice, interceptats de forajul 3620 (fig. 5), asociatia mentionatd mai sus se
completeazd cu doud noi specii, Elphidium aculeatum d’ORBIG. si Elphidium reginum (d’ORBIG.), anuntand
debutul Zonei Elphidium reginum (Popescu, 1995}, volhynian inferioars.

4. Corelarea secventelor litologice

Pentru a urmari variatia laterald a grosimii si litofaciesului secventelor separate in succesiunile de depozite
kossovian - superioarc g volhynian - inferioare, au fost proiectate forajele studiate pe doud aliniamente,
orientate nord - sud §i est - vest, situate la jumitatea distantei dintre primul si ultimul foraj (fig. 1).
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Fig. 8 - Stratigrafia depozitelor neogene. Foraj: 22985 Hudesti (154,64 m).

Din corelarea secventelor litologice dezvoltate m arealul Hudesti (fig. 9), se pot constata urmitoarele:

- depozitele kossovian-superioare, discordante, s-au depus peste un paleorelief eretacic, destul de uniform,
care prezenta o ugoard ridicare (aproximativ 20 m), la nord de forajul 3615; altitudinea maximi a acestei
ridicari se afld in apropierea locatiel forajului 27818;

- aspectul liniei de discordanti sarmatiand relevii o coborare, de aproximativ 15 m, a sedimentelor
Volhynianului inferior, la nord si est de forajul 3613;

- discordanta sarmatiani este evidentiatd atat prin dispunerea depozitelor Volhynianului inferior peste
diferiti termeni ai IKossovianului superior cat gi prin lipsa Zonel Lobatula dividens (Popescu, 1995) de
foraminifere, identificatd de reguld in baza formatiunilor volliynlene;

- linia extrem de sinuoasi a discordantel cuaternare g1 disparifia pariiala sau totala a ultimelor secvente
litologice volhyniane la vest g1 sud de forajul 3613, pot fi explicate printr-o eroziune diferentiald post Volliy-
nian inferior;

- ugoarele variaiii laterale ale grosimilor secventelor litologice separate se datoreazd probabil [recventelor
schimbari laterale de lacies, caracteristice depunerilor molasice.
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THE TEMPORAL CONTENT OF THE NEOGENE
COAL-GENERATING CYCLES IN ROMANIA
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Abstract: The sequential study of the Dacian-Romanian {Pliocene - 5.3-1.8 Ma} coal
bearing deposits in the western side of the Dacic Basin (Oltenia) suggests the existence
of a maximum development of the coal facies in the lower part of the Romanian (3.2
Ma). This maximum has been considered the opposite of the climatic minimum that
corresponds to the Quaternary glaciation (Riss Alpine phase) and leads to the con-
clusion of the existence of a climatic cycle {named by us "the Valach cycle”) with
a period of about 4.1 Ma. The cooling period preceeding the Quaternary ones is near
the Dacian/Pontian limit. The period of the climatic maximum before the Pliocene
one is to be found inside the Pontian (Portaferrian) in which there is (the Lugo] Basin]
a coal facies similar to the Pliocene one. Considering the period of these climatic cy-
cles, it 1s easy Lo clearly determine at least e moments of maximum heating during’
the Neogene. So, at the end of the Oligocene the next maximum heating periods
can be distinguished, that are marked by the existence of coal facies: Chattian- Lower
Aquitanian, Burdigalian, Badenian {Upper Langhian-Kosovian), Sarmatian, Forta-
ferrian and Pliocene. Natural transgressiont correspond to these climatic maximum
moments and vegressions correspond to the opposite moments (the cold ones). The
same sequential study has emphasized that the effective generation of the coal beds,
inside the Valach cycle is determined by other climatic cycles with a period of about
100,000 years {the short cycles of the orbital eccentricily) that can easily explain the
glacial and the mterglacial Quaternary phases. Evidently associated transgressions
and regressions accompany these cycles, too.

1. Introduction

Studies regarding the Pliocene and Miocene coal facies of the Romanian coal generating basins have led
to the problems related to the distinguished cycles temporal content. Such observations, linked with the
Pliocene coal complex, have been extended to the other Miocene and Pliocene coal complexes developed in
Romania or other neighbouring countries {Serbia, Bulgaria}, with coal generating basins; this pointed out
interesting results, which can be supported by studies on the Western Europe Neogene coal facies but also
on Neogene coal deposits from other continents [Asia, South America, etc.).

Tt is to note that the first evaluations of the laws regularities, which controlled the occurrence and the
development of the coal facies, have allowed to distinguish both a cycle (named ”Valach cycle”) a relative
period of 4.1 Ma, which seems to be a global climatic cycle, and the essential role played by the 100.000
years period cycles and the occurrence of the Neogene coal layers.

In addition, the explorations finding for the Quaternary glaciations appearance and evolution, opened
the perspective of middle term global climatic prognosis (one million vears).

Obviously, these preliminary results require a thorough study of this kind of research in all imposed
directions.
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Fig. 1 - Pliccene {Dacian-Romanian) coal complex in the western side of the Dacic Basin {Oltenia).
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2. The sequential study of Pliocene coal complex (Dacian-Romanian) in Oltenia.
The Valach cycle (4.1 Ma)

The Pliocene coal facies, very occurring in the Dacic Basin (up to 27-28 lignite seams), has been re-
searched, especially in the last years, in the western side of this basin in Oltenia, where it has a spectacular
development.

The lignite beds occur since the end of the Lower Dacian, then they are represented in the Upper Dacian
and the Lower Romanian and after that they become thinner in the Middle and Upper Romanian.

The various coal complexes distinguished in this stratigraphic level represent in fact the subcomplex of
one unitary genetical coal complex of Pliocene age [Dacian-Romanian), the last term of one series that covers
the entire Neogene.

The sequential study of these Pliocene coal deposits in Oltenia has mainly emphasized two important
realities:

a) The existence of a maximum development for the coal deposits - at the beginning of Lower Roma-
nian - given by the development of some thicker and larger seams {Fig. 1).

b} The possibility that the main lignite beds may result from the astronomic and climatic cyclic succession
with a periodicity of 100,000 years (the short cycles of the orbital eccentricity).

Obviously, the mentioned maximum supposes the existence of cne proper climatic maximum characterized
by a warm and wet climate able to provide the vegetation growth for generating the coal beds. We can also
suppose the existence in the past of some similar periodical maximums, but also of some climatic minimums,
realities that can easily be researched.

We can easily observe that, at least for the Neogene period, the coal facies occurrence depends on certain
stratigraphic levels, separated either by other barren intervals or by very thin coal lenses intercalations.

These facts allowed us to presume the existence of one climatic cycle, with its period of about 4.1 Ma,
which we called ”Valach cycle”.

We also observed the following situation: the Pliocene climatic maximum follows the climatic minimum
of the Quaternary glacial phase, corresponding to the Alpine Riss phase (Scandinavian Saale phase) (Fig.
2-2').

The former minimum before the Quaternary one is shown by the pregnant coocling period near the
Dacian/Pontian boundary, which led to the Mediterranean Sea isolation, being correlated to the ” Messinian
Salinity Crisis”. On the other hand, the climatic Pliocene phase is followed by the climatic maximum of the
Middle Pontian.

The last four important moments of this cycle are, at least, clear enough and we can use them for
“restricted extrapolations” in the geological history and in the future. Before the Portaferrian period it
is possible to mention the development of Miocene coal facies, at least for the maximum moments of the
"Valach cycle”, which can be followed throughout the Neogene area.

3. The Neogene (Mio-Pliocene) coal complexes in Romania

From a stratigraphical point of view, the coal complexes from the coal bearing deposits of Romania
have relatively clear characteristics, which allow us to consider them as belonging to the following stages and
substages: Chattian-Lower Aquitanian (Chattian-Egerian), Burdigalian (Eggenburgian-Ottnangian), Middle
and Upper Badenian, Middle and Upper Sarmatian (Bessarabian-Kersonian), Middle Pontian (Portaferrian)
and Dacian-Romanian (Fig. 3).

3.1. The Chattian- Aguitanian (Chatliun-Egerian) coal complex

Stratigraphically, this complex corresponds to the Upper Oligocene and to the Lower Aquitanian and
1t can include the entire Egerian stage. The Chattian-Aquitanian coal complex, most representative in the
Petrogani Basin (Fig. 4}, is the "horizon 2 (lower producing horizon)” of Chattian-Lower Egerian age
including 22 seams (numbered from 0 to 21), in which the most important (considering the thickness and
area extent) are 3, 5, 13 and 18. In the next horizon ("horizon 37, Upper Egerian) there are very rare coaly
shale or thin coal beds. In this basin there are bituminous coal and cocking bituminous coal.
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North of the Petrosani Basin the same coal complex {Chattian-Aquitanian) is to be found in the Hateg
Basin, where it is represented only by coal intercalation in the lower and middle complex, and north of the
Hateg Basin, in the Almag-Agrij Basin, by the upper (gritty coaly) horizon of the Sinmihai Beds (Upper
Egerian). In this last basin the quality of the coal is weaker {(brown coal).

3.2. The Burdigalian (Upper Eggenburgian-Ottnangian) coal complex

It is the most non-obvious Mio-Pliocene coal complex in this country., Inside this stratigraphical level
(Eggenburgian-Ottnangian} there are coaly clays in the Vad-Borod Basin and an "upper producing hori-
zon” (horizon 4) of Upper Egerian-Eggenburgian age in the Petrogani Basin, but this can be considered
as a younger coal complex. In this "upper producing horizon” of the Petrogsant Basin there are about 7-9
thin coal intercalations.
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Fig. 4 — The Lower and Middle Miocene deposits and the Mio-Pliocene coal-generating basins in Romania.

AAB - AlmasAgrij Basin; PB - Petrogani Basin; TB - Tebea-Brad exploitation; CB - Coménesti Basin;
CSB - Caransebes Basin; LB - Lugoj Basin; FB - Fidget Basin; OB - Oravita Basin; MB - Meha-
dia Basin; BNB - Bozovici-Nera Basin; BOB - Bahna-Orsova Basin; HB - Hateg Basin; SB - Sichevita
Basin; OVB - Carasova Basin; VBB - Vad-Borod Basin; SMB - Simleu Basin; BMB - Baia Mare
Basin; OSB - Oag Basin; RO - Rosiori-Oradea exploitation; TBB - Tara Barsei Basin; BSB - Beiug
Basin; SG - Sfantu Gheorghe exploitation; BB - Boteni Basin.  (DB) Dacic Basin, (PNB) Pannonian

Basin.

3.3. The Badenian coal complex

This complex is present in several coal basins in the western part of the country. In the Caransebesg
Basin there is a lower coal complex of Lower Badenian age, which is not important from the economic point
of view. The upper one, which is economically important, is Upper Badenian in age. This basin contains
ecarthy lignite and woody lignite. Close to this. in the Mehadia Basin, there is a marly-sandy horizon with
coal, Lower Kossovian in age. There are coals of the same age in the Bozovici-Nera Basin, too. To the
north, in the Lugoj Basin, the deposits contain clayey coals and Lower Badenian (Upper Langhian) volcanic
tuffite. In the Bahna-Orsova Basin there are Lower Badenian coal deposits too, and in the Sichevita

" Basin there is a clayey-tuffitic coal complex, Badenian in age. North of these, in the Hateg ‘Basin, there

are coal (lignite) intercalations in the lower complex of the Badenian and further north, in the lower part of
the Tebea-Brad deposits, beds A, I and II could be Upper Badenian in age.

South of the Danube, in Serbia, there are Badenian coal facies in Golubac and Donji Milanovac.

3.4. The Sarmatian (Middle and Upper) coal complez
This complex is obvious in the Coménesti Basin in the East Carpathians, where the coal bearing
formations, Middle and Upper Sarmatian in age (Bessarabian-Kersonian), includes up to 10 brown coal
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seams. In the Hateg Basin there are up to 20 coal levels (xylitic lignite) in the Sarmatian coal deposits.
In the Vad-Borod Basin the deposits that include exploitable coal beds or only coaly clays are Lower
Sarmatian in age. In the Faget and Oravita Basins, there are coal seams or lenses of Lower Bessarabian
age. The formation with brown coal in the Tebea-Brad deposits is considered Sarmatian in age (beginning
with layer III).

In Serbia, Sarmatian coal-bearing deposits occur in Kupusiste and Mihajlovac. The coal from Poljana
and Bozevac (considered Pannonian) could probably be Upper Bessarabian-IKersonian in age.

3.5. The Pontian (Middle) coal complex

It 1s obvious in the Lugoj Basin in Romania. In this basin there are 27 seams, grouped in 3 coal
complexes (subcomplexes in fact). The most important layers are 3, 9 and 24. 27 coal seams also occur in
the Sarmasag deposits (the Simleu Basin), where the 16th layer is the most important and the last 3
layers are found in the lower part of the Upper Pontian. In the rest of the Simleu Basin there are beds [-X
of Lower Pontian age. Pontian lignite beds are to be found in the Oag Basin and the Baia Mare area, too.
To the west, the coal bearing deposits of Roglori-Oradea are Upper Pontian in age. In the Beiug Basin
corresponding to the Pontian there are 7 lignite beds. In the Tara BArsei Basin, in the Pontian producing
complex, there are coal beds [-IV.

In the southwestern part of the country, in Banat, in the Figet Basin corresponding to Pontian, there
are thin coal lenses and in Carasova Basin there are coaly shales and a lignite bed.

The same coal complex is present in Serbia too, in Smederevo-Kovin-Novi-Kostolac area.

During the Pontian, in the Dacic Basin in Oltenia, between the rivers Olt and Jiu, there are coaly clays
and 3 thin lignite layers. Between the rivers Olt and Dambovita, corresponding to the Middle Pontian, there
are coal beds in the Boteni Basin, which are exploitable in the Schitu-Golesti deposit, where there are four
lignite beds (0-1I1) of which bed I is the most important. East of these Pontian coal beds and coaly clays
occur between the rivers Buzdu and Trotus.

This coal complex began its development at the end of the Lower Pontian (Odessian), it developed very
clearly in the Middle Pontian (Portaferrian) and ended at the beginning of the Upper Pontian {Bosphorian).

3.6. The Dacian-Romanian (Pliocene) coal compler

This coal complex is well represented in the Dacic Basin, mainly to the west of the river Olt. Thin coal
layers were developed since the Lower Daclan. The seams are characterized by large extension and great
thickness during the Upper Dacian and Lower Romanian and by smaller and smaller areas beginning with
the Middle Romanian. This complex is also present in the southwestern part of the Dacic Basin, in Bulgaria
(Lom Basin).

To the east, it is present in the Subearpathian Hills too, mainly developed during the Upper Dacian and
Lower Romanian; it appears even north of the Buzdu Valley. In many areas of Oltenia and the Subcarpathian
Hills exploiting units, both mines and quarries were developed for the lignite seams. Between the rivers
Provita and Prahova, up to 28 lignite seams (between 0.1 and 6.1 m thick) were explored of which the first
five ones are considered Dacian and the rest Romanian in age.

This coal complex can also be found in the depression areas in the East Carpathians. In the Sf. Gheorghe
deposit in the Tara Bérsei Basin beds VI-VII and VIII-X are considered Dacian-Romanian in age. In the
eastern part of the Pannonian Basin, inside the Rosgiori-Oradea deposits, a coal facies is developed which is
Dacian-Romanian in age, too.

4. Neogene coal facies of Europe and of Earth

The Neogene (Mio-Pliocene) coal bearing formations are known both in Europe and in the Parathetys
area as well as in different regions of the Earth. This fact entitles us to admit that the climatic cycle
(named ”Valach cycle”) could be recognized on a global scale, and in this case the causes which determine
its existence should also have a global character. So, it is necessary to carry out a survey in the occurrence

zones of such formations.

4.1. The Parathetys Neogene coal facies
In this arca, coal bearing deposits occur even in the Bohem Massif, south of the Metaliferi Mountains
on the Carpathian edge, in the East Slovakia brackish facies of clays with coals. In the middle Rhine
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region (southern) of the sea domain, coast peat deposits are developed {in Miocene), which determined the
appearance of the 100 m thick coal bed known in this zone. On the southern edge of the Pannonian Basin,
along the Dinaric Mountains, Middle Miocene lacusirine limnic deposits, often with coals, occur.

In the Pontian s.s. a sandy limnic deposit with coals is also known, and in the Hessa-Hanover branch of
the Rhine graben, in the Miocene, lacustrine coal facies (the Wetterau Basin) accumulate, which continue
even in the Pliocene,

Obviously, we may talk about the Neogene coal complexes of Romania, which belong either to the
Pannonian basin, or to the Dacic Basin, or to some intra-Carpathians basins (chapter 3).

4.2. The Neogene coal factes in Western Europe

The lacustrine deposits, sometimes with Miocene coals, occur in some basins situated in the northern
extension of the Albanian-Tessalian depression and in Eubeea (Kumi Basin), while the lacustrine coal forma-
tions should belong to the Upper Miocene. In Toscana region, marls with lignites in a Tortonian lacustrine
facies (probably Upper Miocene) are known, possibly of the same age as the End Miocene marls with lignites
in the north-Bethic depression. Between the Elbe and the Vistula, the estuary formation with sands and
coals {Braunkohlensande) should be of a Middle-Upper Miocene age.

In this European zone Pliocene coal deposits are also known, such as the lower gray clays with lig-
nites series in the intermontane Apennine Basin (the lacustrine lignite deposits at the edge of the Rhone
Depression-Bresse Basin, north of Lyons). :

4.3. The Neogene coal facies from Earth

On the Asian continent, coal continental accumulations are known in the Neogene in some small basins.
That is the case of the Baikal Lake or of the Sakhalin Island, where the detrital series with coal intercalations
should belong to the first part of the Neogene (Miocene).

In the geosyncline Anadir-Kamchatka-Japan-Philippines zone, sea lagoon and continental detrital coal
complexes with lava develop in the Neogene. A some of them could be Pliocene in age because the upper
part of the Sakhalin Neogene series (probably Pliocene) continues in the Kamchatka and Anadir.

Also, in Asia, in the Sumatra and Java, the Upper Miocene-Pliocene Palembang beds contain lignite
seams.

The Neogene coal bearing deposits are also known in South America where, along the Pacific coast of
Chile, a Miocene with coal is developed.

5. The main Neogene coal beds developed as an effect of the climatic cycles within a
100.000-year period

The sequential study of the Neogene coal bearing deposits in the western side of the Dacic Basin led us
to the conclusion that the main lignite seams of the Dacian-Romanian coal complex follow one ancther after
equal time intervals that can be associated with the astronomical cycles with a period of 100,000 years (the
short cycles of the orbital eccentricity).

If we consider the stratigraphical position of each coal subcomplex, the absolute time values corresponding
to the limits of the stages and substages and the total number of the main seams of a certain complex, it is
easy to deduce that the climatic variations that have determined the generation of these seams cannot be
connected to other known cycles besides the above mentioned ones. This hypothesis led us to the conclusion
that the generation of about 24 main lignite seains lasted 2.4 Ma, the time difference between two consecutive
seams being of 0.1 Ma.

The brief analysis of the other Neogene coal complexes shows that to time intervals between 2 and 3
Ma about 22-23 up to 27-28 distinct coal seams correspond, which underlines the influence of the above
mentioned climatic cycles of the coal accumulations. It is remarkable that the amplitude of the climatic
cycle generated by the short cycles of orbital eccentricity is greater than that generated by the superior cycle
(the Valach cycle}, so that the development of the coal seams is very clear at least near the climatic optimum
moments of the Valach cycle.

Each eycle with 0.1 Ma period includes two different climatic moments: one warm and wet, and the
other cold. The first moment, accompanied by a trausgression, is favorable to the development of vegetation
that can lead to the generation of a coal bed, and the second moment of the cycle, the cold one, is not favorable
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to the coal generation. This second moment is accompanied by regression, and admits the accumulation of
coarse material (sands and gravel), because of the intensification of erosional process, which was caused by
the regression of the shores. This succession is present in the cold moments of the Valach cycle too, at least
in the Quaternary, when the cold moments of the 0.1 Ma cycle correspond to the glacial stages, and the
warm ones to the interglacial stages. For the last million of years 10 warm moments and 9 cold moments
detectable in the Quaternary of the German Plain can be distinguished (according to the data of Eissmann
et al., 1994} (Fig. 5).

The Dutch researchers (1996) assumed that the sedimentation cycles, which led to the generation of
the coal seams in the coal-bearing lacustrine deposits from Ptolemais (northwest Greece) could be of the
precessional origin so that they could be caused by cycles with a period of about four times shorter than the
ones caused by the orbital eccentricity (about 26,000 years).

The lacustrine succession from Ptolemais, dated by Argon 40 and Argon 39 method about 4.19 Ma,
corresponds to the lower part of the Pliocene coal complex, probably at the Lower/Upper Dacian boundary
in the Dacic Basin,
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The effect of the precessional cyclicity is only acceptable for the seams that accompany the main ones
from the Pliocene coal complex usually considered as lower or upper, and rarely as independent coal beds
or benches of some main layer, which are rarely represented by a single coal level (beds VIIT and X in the
west of the Dacic Basin).

It can be assumed that the time intervals corresponding to the presessional year are more obvious in the
lithological successions that are rich in coal levels. These coal seams correspond to the climatic optimum of
the cycle with 4.1 Ma period (the climatic optimum of the Valach cycle).

It is also possible to distinguish some much shorter cycle of about 1000 years period that are characteristic
of the " precessional miniglaciations” by a fine observation of the interval structure of the coal layers, especially
of the most interbedded ones, those that contain many thin clay intercalations. So, one can distinguish
periods of about 500 years that are favorable to the vegetal mass accumulation in alternance with the same
length time intervals favorable to sterile (it means clay) accumulation.

This kind of analyses can point to another method for the estimation of the necessary time period for
lignite layers accumulation. We can also mention the attempts of estimation of the period of lignite seams
forming taking into account the accumulation rate and the thickness of the lignite beds. So, for layer V from
the western part of the Dacic Basin, with a thickness of 7 m and an initial thickness of 21 m, an accumulation
time period for the vegetal mass of 21,000 years was determined (Pauliuc, Barus, 1982).

Furthermore, it is likely to identify some longer time periods that separate the most important coal
seams, which might correspond to the long cycles of orbital eccentricity, any of which being equal to four
cycle of about 100,000 years, namely 413,000 vears.

It is obvious that the interference of the above-mentioned cycle, characterized by very different time
periods, can increase the effect of the warm and wet climate favorable to the coal generation, as well ~ the
effect of the cold climate in other time periods. This fact makes more difficult the investigations carried out
in order to establish the temporal content of the older Neogene coal-generating cycles.

6. Conclusions

The first important result of this study is the highlighting of a climatic cycle with a relatively large
periad of time (about 4.1 Ma), named "Valach cycle” (=Wallachian climatic cycle), that might determine
the periodic presence of the coal facies at least throughout the Neogene. This cycle also explains the
Quaternary glaciations and the Mio-Pliocene transgressions and regressions.

In addition to this, it seems possible to present the hypothesis that the main coal beds of the Neogene
coal facies were generated by the climatic cycle. the result of the short eycles of the orbital eccentricity with
a 100,000 year period, which also caused the repeated transgressions and regressions.

These cycles have also determined the succession of the glacial phases. It was also possible to determine
the effects of the precessional cycles with a 26,000 year period and of some other cycles with known period.

All the above-mentioned conclusions allow the reconsideration of the known points of view regarding the
geological evolution of the continental and marine sedimentary basin during the Neogene but also before the
Neogene, highlighting the important role played by the climatic factor. Of course, we are searching now to
an explanation for the Valach cycle, which we consider for now as an effect of some possible pulsation of the
Solar system.

All these observations led us to a better correlation of the Neogene and pre-Neogene deposits with or
without coal and also to the initiation of a theory based on the cyclicity of the geological phenomena.

1t is also necessary for us to mention that we intend to research thoroughly the Neogene and pre-Neogene
coal facies in Europe and all over the world and especially the effect of the climatic cycles on them.

It is interesting to remark here the possibility of the prediction of the geological evolution of the terrestrial
globe in the next millions of years considering the cyclicity of the researched phenomena.
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