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VIRFURILE NEGOIU SI TATARU

lon BALINTONL, Dinu PANA

Institutul de Geologie si Geofizica. Str. Caransebeg |, 78344 Buenresti 32.
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morplism, Nappes. Tectogenesis. South Carpathians - Getic and Supragetic Crystalline

[Momain - Figirag Mountains.

Abstract: Geology of the Figiiras Mountaing Crest Avca belween the Negoiu and Tétaru
Peaks. The Figirag Mts crest area between the Negoiu and T&laru peaks is made up
of the following Austrian overthrust nappes (from down upwards): the Arges nappe;
the Pirinl Moaga nappe; the Moldoveanu nappe. By a Mediterranean retrooverlapping
the front part of the Arges nappe is raised above the Moldoveanu one. The Mediter-
ranean tectogenesis also gencrated more kilometre-long amiforms and synforms, aver-
turned northwards. Within the three Austrian overthrust nappes the following infor- -
mal lithostratigraphical entities were described: the Cump#na lthogroup in the Arges
nappe; the Moaga lithogroup in the Piriul Moaga nappe: the Figiras lithogroup in the
Moldoveanu nappe. All these sequences represent Proterozeic polymetamorphites, first
metamorphosed in the slaurolite and for kyanite and that were first retromorphosed in the
Variscan orogenesis. Between the meutioned thermo-tectonic events (M, Mz) one can
distinguish a Ms event. correlated to the presence of sillimanite in the Moasa lithogroup
rocks, as well as the regional migmatizations which affected the Cumpina lithogroup

rocks.

INTRODUCERE

Nota de fatd descrie o zoni amplasati pe ainbii
versan{i al crestel Fagiragului, intre virfurile Negoiu
la est §i Tataru la vest (Pl 1, 11). Din cildarile
glaciare de pe versantul sudic izvorise riurile Topolog
g1 Boia, iar din cele de pe chmin nordicd riurile Moaga
Sehegului, Riul Mare al Aviigulot en afluentul pe
stinga, Pirtul Moasa, s1 Riul Mare al Porumbacului
cu afluentul pe stinga, Porumbicelul, Ca reliel si cli-
mat este o arie de maximi dilicultate a Carpatilor
romanesgti. Dinlre cel care au publicat lucriiri refe-
ritoare la perimetrul in discuiic citdm pe Reinhard
(1911), Ghika-Budesti (1940), Dimofte (1967), Chivu
(1985), Balintoni et al. (1986), Pana (1989). Lucrari
esentiale penttu intelegerea evolutiel metamorle a u-
nora dintre secventele ce alciituiese muntii Figirag se
datoresc lui Arion, Ignat (19703, Balintoni (1973) si
Giused et al. (1977).

O problema de principiu pe care o abordiumn alel este
aceea a divizarii litostratigrafice a terenurilor meta-
morfe carpatice, in special a celor proterozoice. De la
publicarea in 1976 de catre Sub-comisia internationali
de clasificare stratigraficd (Comisia de stratigrafie a

TUGS) a Ghidului stratigrafic inlernefionalsub directia
tui Hedberg. s-au fAcut diverse tentative de clasifi-
care formald a metamorfitelor din Carpatii roméanesti.
O asemenea clasificare, pentru ansamblul metamor-
fitelor precambriene, este aceea a lni Krautner (1980),
lar pentru masival eristalin al Carpatilor Meridio-
nali de la est de Olt sau a unor parii din el, sint
de mentionat incerciirile lui Balintoni et al. (1986),
Gheuca (1988), Pand (1989). O revizuire critici
a informatitlor disponibile ne-a convins, insi, i o
clasificare formald, in spivitul Ghidului amintit, a
metamorfitelor carpatice s, in mod special, a celor
polimetamorle precambricne, desi de dorit, este in
lajoritatea cazurilor prematurd.  Astfel, daci se
poate accepta cd unele seevente indeplinese conditiile
pentru a {i individualizate ca forma{runi, nu existi
secvente care si poatd fi reunite in grupuri sau super-
grapuri. Clagificarile menglonate mai sus nu respecld
riguros indicatiile generale ale Ghidului referitoare la
clasificdrile stratigrafice, nu corespund modalititilor
de identificare si descriere ale unitidgilor litostrati-
grafice formale g1, ceca ce este regretabil, s-au delimi-
tat formafiuni ale cdror pirti componente s-a dovedit
curind a fi separate prin plane de saria) ari succesiunea



entititilor litostratigrafice elementare a avea polaritate
inversi. Aceste aspecte se pol consltata atit in aria
descrisi in prezenta notd, cit §i pentru partea supe-
rioard a grupului Sebes-Lotru, sensu Kraulner (1980).
De aceea pentru majoritatea metamorfitelor polimeta-
morfe precambriene considerdm de actualitate pro-
movarea unei clasificiri litostratigrafice informale, care
sia se transforme treptat, pe misura imbunititirii
cunoasterii, intr-una formeld. Este de necontestat ci
stivele de metamorfite pat {i divizate in entititi lito-
logice elementare, care sd se grupeze apol In asociatii
de rang superior, pe baza unor criterli litologice de
unificare. Dar, o entitate litologici elementard poate
sa reprezinte, frecvent, un diferentiat metameorf, succe-
siunea de jos in sus si se insirule in ordine cronologicd
inversii, aceecagi entitate litologicd elementard poate
si se repete pe un profil de mai multe or, datoritd
transpozitiel prin cutare ete. Aceasta fard a ne referi
la secventele intens migmatizate m care s-au modifi-
cat pind la disparitie relatiile initiale dintre strate saun
la cele in care s-au deseris eclogite, metaultrabazite,
granulite, si care pot reuni secvente din cruste de tipuri
diferite. Concluzia care relese din cele expuse este ca.
in prezent, not operim diviziri in metamorfite utihzind
in principal aspecte lito-geometrice i, numal in sub-
sidiar, litostratigrafice. De aceea, ca faza tranzitorle in
preocupaérile de acest gen propunem urmatoarea clasi-
ficare litostratigraficd informald pentru metamorfitele
precambriene din masival Fagiras, care ar putea fi ex-
tinsd si in alte zone.

Unitatea litostratigraficd informalid fundamentali
este litozona definitd in Ghidul Hedberg (1976) astfel:
"o unitate litostratigraficd informali, utilizatd pentru
a indica o grupare de strate care au in comun anumite
caracteristici litologice generale” (p. 41, pgf. 2, Ed.
Doin, 1979, Pans).
geografic daca se considerd vecesar. Avind n vedere
cd terenurile metamorfe carpatice sint constituite din
pinze de saria), pentru suma litozonelor presupuse
de aceeasgi virstd (ne referim la virsta metamorfitelor)
dintr-o anumiti unitate tectonic, vom utiliza numele
de Litogrup. Termenul de litagrup ar corespunde celui
de seric intrebuingat in literatura romani de speciali-
tate. Ghidul Hedberg specifica insa cd acesta din urmi
este un lermen cronostratigrafic corespunzitor epocii
gi nu trebuic utilizat in alt mod. Ghidul Hedberg ac-
ceptd ca subdiviziuni informale ale litozonei: membrul,
stratul, orwzontul, nivelul, scrise farf majuscula, chiar
dach primesec un nume geografic. Opindm ci, aseme-
nea limbii engleze, termenii litostratigrafici formali ar
trebui scrigl cu majusculd g1 in limba romani, aceasta

Lilozona poate primi un nume

permitind utilizarca aceluiast termen in doud sensuri,
adicd g1 formal i inforimal. Deoarece recunoasterea sau
chiar existenta stratului sub forma in care se prezinti
el in stivele sedimentare este o problema fard solutii in
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cazul metamorfitelor precambriene, sugeram evitarea
acestul termen. Ca termen subordonat lilezoner, care
sa descrie entitili litologice cu compozitie complexi ale
ciror componente nu pot fi separate cartografic, chiar
la sciri foarte mari, il vom folosi pe cel de membru.
Cu termenul de orizond desemn@m unititile litologice
caracterizate prin predominarea neld a unel anumite
litologii, incluzind intercalain minore g1 putin frecvente
de alte specil de roci, separabile cartografic la sciri
mari. In fine, nivelul sau ltonuw! urmeazd sd desem-
neze unititile litologice elementare omogene macfo-
scopie sau cu rol de marcker.

Dupid opinia lui Balintoni et al. (1886), suma
secvenielor de metamorfite presupuse de aceeasi virsti,
adicd generate de acelagl eveniment metamorf, care
prezinta aseminari litofaciale, i pentru care existi
indicatii ¢ provin dintr-un acelasi tip de crusta, ar
putea constitui un meialilofacics, notiune absolut in-
formala, care sa primeascid un nume geografic. In fine,
totalitatca metalitofaciesurilor presupuse de aceeasi
virstd ar putea fi inmanunchiate in stiva varisticd, stiva
caledonicd, stiva cadomiand cie., dupa caz. Ca termen
informal intermediar intre cel de litogrup g1 cel de me-
talilofacies s-ar pulea utiliza cel de multililogrup. Pe
aceasti cale s-ar putea evita in clasificarile informale
prefixele sub gi supra.

1. PINZE DE SARIAJ

In aria cartati sint prezente trei uniti3ti tectonice
cu rang de pinze de gariaj, i anume: pinza de Arges
(Balintont el al., 1986) 1 pozitie inifiald inferioari, dar
adusd ulterior prin cutare-deversare spre nord si forfe-
care pe o relroincalecare, in pozifle superioard (partea
el frontald); pinza de Moldoveanu (Balintoni et al.,
1986), in Fagiragul de est, situatd imediat deasupra
celel de Arges; pinza de Piriul Moaga. individualizati
de Pand (1989), interpusd In zona crestel intre pinza
de Moldoveanu si prababil cea de Arges. Relatia tee-
tonica initiald dintre pinzele de Argeg si de Moldoveanu
este vizibila in Fagaragul de est, unde intre ele se afld
o serie sedimentard mezozoici. Relafiile tectonice din-
tre pinzele de Moldoveanu g1 de Piriul Moasga sint ar-
gumentate prin trei tipuri de observatii: prezenta la
contactul dintre unitagi a unui nivel continun de roci
milenitizate, remarcat deja de Reinhard in 1911, care
si figureazd o falie intre Saua Negoiului gi Capra, de-
numitd falie crested, si urmdirit apoi pe mare distantii
de Pand (1989); disparitia in lungul planului de sariaj
a unor nivele, memhri sau chiar litozone din amhbele
litogrupuri care alciituiese cele doud pinze de sariaj. ori
aliturarea mereu a unor al{i termeni de-a lungul planu-
lui; apari(ia cu totul neregulati a portiunii retromarfe
din litogrupul Moeaga sub planul de sariaj al pinzet de
Moldoveanu, precum si contactul in lungul planului de
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sariaj al unor secvente cu grad de retromorlism diferit,

ceea ce echivaleazi cu o discordantd de metamorfism.

II. LITOSTRATIGRAFIA

In conformitate cu Balintoni et al. (1986) masivul
Fagarag este format in intregime din metamorfite pre-
cambriene. Litogrupul Cumpéna, care compune pinza
de Arges, neficind obiectul prezentei note, ne vomn
ocupa in continuare de litogrupurile care alcatuicsc
pinzele de Pirtul Moasa si de Moldoveanu.

1. Litogrupul Moaga

Acest litogrup constituie corpul pinzei de Pinwul
Moaga. Numele provine de la cele doud piraie Moaga
Sebesului gi Moaga Avrigului, care il intretaie transver-
sal pe clina nordici. Continuitatea litogrupului pe cel
dot versanii este intrerupti de o sinforma in care se
conserva o secven{i a litogrupulii Figiras din pinza
de Moldoveanu. Litogrupul Monga corespunde in parte
cu formatiunca de Pirml Moagel conturatda de Pand
(1989). Acest litogrup poate fi divizat pe criterii lito-
logice in doud litozone: litozona Scara, foarte probabil
in pozitie inferioard litostratigrafic si litozona Serbota,
in pozitie superioard. Superpozitia este apreciat,
printre altele, pe admiterea cresterii intensitdgii retro-
morfismului regional varistic spre partea superioari a
secventel — in momentul producerii lui - situatie mo-
dificatd ulterior, dup# cumn se va vedea in all capitol.

1.1. Lilozona Seara. S-a denumit aga dupi virful cu
acelasi nume, unde se inchide spre est antiforma in al
cdrei ax aceasta alloreazii. Morfologia ariel acoperite
de litozona Scara impune alegerea de profile tip in
jurul virfului Scara. Accesul este ugural, totust, de
cirarile turistice care trec de la cabana Bircaciu prin
Saua Sciirii spre Topolog sau spre trascele de creasta.
Dinspre sud drumul forestier urcd spre riul Topolog
pini la confluenta piraielor Negoin i Scara. [n jurul
virfului Scara, litozona cu acelagi nume, este alcituitd
de jos in sus din urimiloarcle patru subdiviziuni: o-
rizontul micasisturilor gi paragnaiselor cu staurolit gi
disten predominant microblastice, dar uneori gi [anero-
blastice: orizantul rocilor carhonatice, reprezentat prin
unul sau doud nivele de roci carbonatice discontinue;
orizontul amfiboelitelor, i general cu o continuitate
mai marcatii decit cel al rocilor earbonatice; mem-
brul cuartitic-grafitos rosu, care incheie succesiunea
litozonei. Membrul rosu are o compozitie complexd
si caracteristicA: paragnaise microblastice negre, u-
neari foarte bogate in plagioclazi; cuartile grafitoase
microblastice; sisturi cuartitice; sisturi amfibolice si
amfibolite, tolul impregnat in general cu piritd foarte
find, care prin oxidare di o culoare ruginie-rogcatd

specifici. 'Irecerea la litozona Serbota, care incepe

cu paragnaise faneroblastice cu staurolit gi disten este
aproape intotdeauna netd, limita punindu-se relativ
usor in aflorimente. Ca in orice secventd metamor-
fozatdl, aceste separatil au grosimi variabile ingrogindu-
se sau chiar efilindu-se pe directie. Baza litozonei nu
este deschisa, motiv pentru care nu s-a putut crea o
unitate litostratigrafici formald, adicd o formatiune.
Cu cit se merge mai spre vest succesiunea subdi-
viziunilor notatd mai sus isi pierde stabilitatea; in
special amfibolitele se destrami in mai multe nivele
care alterneazi cu paragnaise, rocile carbonatice devin
mai subtiri 1 mai discontinue, iar membrul rogu se
mai recuncagte doar pe flancul nordic al anliformet,
uneori cu dificultate.  Totugl, asocialia ca atare igi
péstreazi caracterele, iar limita cu litozona Serbota
rdmine mereu neti, aceasla incepimd cu acelasgi orizont
al paragnaiselor faneroblastice cu disten i staurolit.
In antiforma de pe versantul sudic, litozona Scara nu
mai este aga de bine exprimati, parind a aflora doar
orizontul inferior si tranzitia spre acesta.

1.2, Litozone Serbota. Numele siu provine de la
muntele Serbota, unde orizontul paragnaiselor fane-
roblastice cu staurolit gi disten alloreazd impresionant
si a fost utilizal initial de Ghika-Budesti (1940) spre
a desemna zona paragnaiselor cu granet de Serbola
in sens de zond metamorff,  Un profil complet si
accesihil din aceastid litozond incepe de la cabana
Poiana Neamtului, pe ciirarca spre cabana Bircaciu gi
in continuare, apoi fie spre saua Scara peste muntele
Bircaciu, fie spre piriul Aurigtea, pe cirarea spre lacul
Avrig. Litorona Serbota este alcituitd predominant
din paragnaisc sl micagisturl, are o mare grosime
aparenti pe flancul nordic al autiformei Scara, poseda
intercalatii subtiri i discontinue de amfibolite gi roci
carhonatice, iar in cadrul sdu pot fi deosebite net doud
arizonturi. In pozitic inferioard se separd un orizent
alefituil. din paragnaise faneroblastice cu slaurolit si
disten, iar in pozitie superioard un orizont compus din
roci micacee predoniinant microblastice, in care stau-
rolitul s distenul dispar. Deoarece aceste doud as-
pecte se datoresc probabil, dear in parte, compozitiei
initiale, orizontul superior fiind wn realitate o secventd
puternic retromorfozati, limita dintre cele doud unitat
litologice nu este netd, ci trapzitorie. Separarea lor
se justificd totusi, pentru cit ele potl I individualizate
cartografic relativ usor i sinl importante pentru dezle-
garea structurii arici m disculie gi descifrarea istoriei
metamorfe a litogrupului Moaga. Dacd grosimea ori-
zontului inferior, desi variabili, este totusl méasurabild,
nu acelagi lucru se poate spune despre orizontul su-
perior ce pare a alcdtui in parte o sinforma dever-
sald spre nord. Deocamdatd nicl litozona Serbota nu
indeplineste conditiile spre a fi clasificati formal ca
farmatiune, deoarece la partea superioard este limitata
tectonic de planul de sariaj al pinzei de Moldoveanu.



In timp ce litozona Scara este bine reprezentali pe am-
hele flancuri ale antiformel cu acelagi nume, litozana
Serbota se ingustenzit rapid pe flancul sudic al aceleiasi
antiforme, elilindu-se dineolo de izvorul Riul Mare al
Avrigulu.

2. Litogrupul Fagirag

Litogrupul Fagirag constituie corplil pinzei de
Moldoveanu. Degi el ocupa o intindere apreciabilit la
scara masivului, m perimetrul cartat alloreasd doar
partea sa inferioari, adicd ldozonae Sury, Consideriin
A este cazul s facen o scurld cursiune i istaricul
acestel denumirl,

Pentru prima datd zena calcarelor cristaline gi a
paracinfibolidclor de Sure a fost separatd de Ghika-
Budegti (1940) m sensul de zondi de metamorlism, desi
tenta mai curind de asocialic petrogralici particulari
a aceslel seevente reiese din denumire. In acceptia lui
Ghika-Budesli, zona calearelor eristaline si a paraan-
fiholitelor de Suru includea intreaga succesiune de roci
cu compozitia respectiva care ocupd virlul Saru s
poalele acestuia, ce coboari spre nord pind la conlac-
Lul en zona paragnaiselor cu granal de Serbote. Cu
alte cuvinte gzona de Suru, m sensul lui Ghika-Budesti
(1940), acoperca litozona Scara a litogrupulni Moeasa,
litozona Suru a litogrupului Fagirag si, de aseme-
nea, litozona Serbota din zona crestei.  Dimilrescu
{1963) inglobeazi zona de Suru la rona micasisturilor
de Vemegoaia a lui Ghika-Budesti (1940), echivalind-
o apoi pe aceasta din urmd cu zona micagisturilor
de Valea Safului-Porcesti a aceluiagi autor. La Di-
mofte (1967) apare numele de zona Suru- Virful Bowlui.
Dimitrescu (1976) individualizeazi mtre metamorfitele
masivilui Pigirag un etaj struetural mediu, assY -
tic, care la rindul s ar fi format m partea mediani
din complewu! de Tezer-Serbola citre a edrui parte su-
1978, Di-
mitreseu revine cu alld clasificare a metamorfitelor ma-
sivulul Fagirag, i care seria de Cumpdna s-ar ter-
mina pe flancul nordic cu complexul de Serbota, con-
stituit la rindul sin dintr-un erizont inferior de Suru
g1 unul superior metapelitic. Tn 1980 Kritutner agazit
seria de Fagirag in grupul Aluta, la partea inferioari
a acestel seril g1 In continuitate stratigrafici peste se-
ria_de Cumpana allindu-se formatiunea carbonatici
"Cp 57", adicil a cincea formatiune carbonatici a su-
pergrupului carpian. Balintoni et al. (1986} vorbesc
de grupul Fagirag i a cirui parte mediani, dea-
supra formatiunii de Serbota gi dedesubtul formatiunii
de Valea Rea, agazd formatiunea carbonat-amliibolicd
de Suru.  In 1988 Dimitrescu vorbeste de grupul
Figdrag si formafiunca de Suru ca diferite de grupul
Cumpina, flancul nordic al Fagirasului fiind flor-
mat diu formafivnea de Swrw si din formafiunea
de Cirfisoara, fird si fie clar daci formafmunca de

perioard s-ar situa orizeniul de Suru.  In
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Cirlisoare apartine grupulul Fagiarag sau nu, mal ales
e la baza formafienii de Cirlisoera se presupune un
plan tectonic. Krautner et al. (1988) individualizeaza
totust un grap Fdgdras compus din formatiunea Suru
la partea inferioara si formatiunea Cirgigoara la partea
superioard, urmind peste grupul Cumpina. Pani
(1989) recunoaste aproximativ in sensul Balintoni et
al. (198G) grupul Fiagiirag, in care separd la partea
wmlericard formapivnea de Pirind Moeaged, urmatd de
formatiunile de Suru, de Albota si de Simb&ta. Me-
ritul deosebit al acestui autor este ¢d pune un plan .
tectonic ntre formatiunea de Piiul Moagel (litozona
Serbota - in prezenta notii) si formatiunea de Suru
(litogona Suru -~ in prezenta not).  Observatiile pe
care le facem la aceastd succinti® trecere in revistd a
secventel amfibolit-carbonatice Suru sint urmitoarele:
de la incepul se poate remarca o inconsecventd a termi-
nologici, explicabila doar prin lipsa de informatii sufi-
clente; utilizarea clasificaril litostratigralfice formale se
dovedegte, agn cum am specificat 1 introducere, pre-
maturd si lipsitd de fundament; la toti autorii citati
sceventa amfibolit-carbonatici din muntele Suru a fost,
considerati unitard, asertiune care s-a dovedit a fi ne-
siguri.

Litozona Suru se aseamind, din punct de vedere
litologic, cu litozona Scara, numai ci ea cste in
mod evident superioari geometric litogrupului Moaga,
Aspectele carlogralice sugercazi ¢d  lilozona Suru
alcituiegte pe o distantd considerabild o sinformi
strinsd, asemdiniitoare - din acesl punct de vedere —
cu antifortna Scara.
referinlii, e se pot recunoasle pe piraicle Scara gi Ne-
golu, expun ccle doud flancuri ale sinformei deversate

[n aceastii sitnatic prolilele de

spre nord, cu repetitiile de rigoare. cel putin i parte.
Pe Naneul sudie, litezona Surn ineepe cu un orizont
de paragnaise i peneral variabil ca grosime si une-
ori absent din motive tectonice. In Valea Topologu-
lui orizontul admite intercatii subtiri de amfibolite si
ticagisturi cu granati mari. Urmeazd apoi un orizoot
de amfibolite remarcabil i ccea ce priveste continui-
taten, care pe directie admite mdintri cu roci gnaisice
foarte biotitice, cu aspect caracteristic. De la amfi-
bolite, spre axul sinformei urncazii o secventd groasi
de paragnaise cuartitice cu granati. Pe {lancul nordic
al sinformei, aproape pe Loatd lungimea cartats, lito-
zoha Suru meepe cu un membru rogn aseminitor din
toatle punctele de vedere eu membrul rosu din litozona
Scara. Acesta este un excelent reper recunoscul inci
de Reinhard (1911}, care a observat si intensa miloni-
tizare la care a fost supus, planul de sariaj al pinzei de
Moldoveanu aflindu-se in regiunea de care ne ocupim
in baza hii. Membrul rosu este urmat de orizontul am-
fibolitelor si apoi de orizontul paragneiselor cuartitice
cu granati. Am lasat la urmi problema rocilor car-
bouatice, deoarece ele nu sint. continue dezvoltindu-se
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neuniform. In aria cartati rocile carbonatice apar de
reguld in apropierea orizontului amfibolitclor, fie dea-
supra, fie dedesubtul lui, dar predominant deasupra
{in sens stratigrafic), cit gi in interiorul lui. Pot [i una
sau mai multe lentile suprapuse, cpm arata situatia
din izvorul Budislavului si din muntele Ciortea. Spre
est rocile carbonatice se dezvoltd pind la substituirea
in intregime a orizontului paragnaiselor cuartitice cu
granati (situatia din valea Buda). Tectonica extrem
de complicatd nc opreste, deocamdati, si ne referim
mai pe larg la perimetre din afara celui reprezentat pe
hartd. In iuteriorul orizontului paragnaiselor cuartitice
se mai intilnesc nivele subtiri de amfibolite. Cu to-
tul uimitoare este constania orizontului amfibolitelor
care spre vest inbracd antiforma Cocoriciu, pe de o
parte, iar pe de alla este pensat in sinforma care separa
cele doui antiforme constituite din roci ale litogrupu-
lui Moaga., Alte detalii in ce priveste litostratigrafia
ariei cartate se pot vedea pe harta si profilele ane-
xate. Litogrupurile Moaga g1 Fagarag apartin mela-
litofaciesului Negoi, dupi Balintoni et al. (1986). Desi
litozonele Secara g1 Suru se aseamanii mull i cecea ce
priveste continutul litologic, ordinea diverselor entitii
litologice ce le aleituiesc nu este aceeagl, motiv pentru
care ele nu pot fi paralelizate m mod direct. Refe-
ritor la rigoarea cu care a fost individualizat anterior
grupul Figaras gi, n cadrul lui, formatiunea de Sury.
considerim de prisos comentariile fAcute prin prisma
informagiilor cuprinse in prezeuta noti.

II1. CUTE §1 FALIL ALPINE

Structurile sinmetamorfe nu  constituie obiectul
notei.  Ele cer siudii speciale care, In general, nu
pot fi réalizate decit cu totul sporadic in cadrul
cartiirii pentru foile hartii geologice a Romaniel, scara
1:50000. Desigur, ne-am straduit s facem si aseine-
nea observatii, indispensabile mtelegerii istoriel geo-
logice a unei stive metamorfe, dar o opinic m dome-
niul respectiv este mult mai greu de formulal decit
pare la prima vedere. Despre cel mai pregnant ele-
ment structural metamorf, foliatia, putem alirma cu
sigirantd ¢ smt mai ruwlte seturi, cel predominant
i aria cercetatd fiind probabil setul 5u. Intr-un sens
larg foliatia S» pare a fi paraleld en limitele corpurilor
petrografice gi poate fi folositd m constructia hiirgin.
Totusi, nu se poate admite decit o sigurantd relativi
in rezultatele utilizirii oliatiel respective, care freevenl
poate fi confundatd cu [oliatii ulterioare. De aceea
harta s-a construil exclusiv prin urmirirea unitatilor
litologice pe directic.  Credeni ¢d structurile plica-
tive pe carc lo vom descric m coutinuare st alpine.
pentru ¢ ele afecteazi seeveniele deja retromorforzate
regional m orogeneza varisticd, precum g1 plancle de
sariaj care milonitizeaza retromorfitele respective, [ard

a fi insotite de o neomineralizatie semnificativi. Pe
hartid sint conturate trei cute: antiformele Cocoriein
gt Scara g1 sinforma Sura,
tudini masurabile depigind 1000 de metri g1 lungimi
de undi neperiodice de ordinul a 3-4 km, degl aceste

Cele trei cute an ampl-

noliuni sint utilizate cu totul relativ, cutele nefiind si-
metrice g1 periodice,  Descrierea lor in continuare o
facem conform tratatului lui Turner gi Weiss (1963).
Din punct de vedere geometric st cute nonplane si
noncilindrice, adicid suprafetele lor axiale sint cutate
si pe directie gi pe inclinare. Din punctul de vedere
al orientarii sint cute longitudinale, pargial in egalon,
iar cele doud antiforme prezintd plon) axial estic. An-
tiforma Cocoriciu se inchide deflinitiv in pictorul su-
dic al Budislavului, o timp ce antiforma Scara, cu Lot
plonjul estic marcat de peste 30 de grade in zona de
disparitie a litozonel cu acelagt nurne, se continud spre
esl in ceea ce s-ar putea nwni antiforma crestei pin
dincolo de valea Dejani. Din punctul de vedere al stilu-
lui cele trei cute sint cule strinse izoclinale, trasatura
e deasebire vizibili la antiforma Scara gi sinforma
Suru, care se mentin mai mult pe directie. Un as-
pect mai greu de apreciat, degi foarte important, este
dacd aceste cute sint concentrice sau similare. Forma
rotunjilii a garnierei antiforme Scara ar fi un indiciu
de cutd concentricd, dar, dupi cum se gtie, asemenea
cute au dezvoltare limitaid pe mmelinare, presupunind
un plan de decolare m bazit ca si se poald forma. Pe
de altd parte, pozitia foliatiilor m zona de creastd a
Figiragului, spre est de virful Scara, indicd o garniera
asculitii, ceea ce dezviluie in realilate o culd de tip
sintilar. Despre antiforma Cocoricin se poate alirma
e este astietricd, despre celelalle doudl cute nu se
poate spune acclagi lucrn cu certitudine. Toate cele
trei cule sinl. deversate spre nord pe toald lungiea
sain numai in parte, trasaturd ce intrit in acord gi cu
deversarca gi retroieiilecarca spre nord a litogrupului
Cumpiina. Proprietitile comune ale cutelor ne permit
sit sustinein ¢i aparkin aceleingi generatil gl mentinem
parerca lui Balintoni et al. (1980) cd se pot datora tec-
togenezel mediteraneene, dat fiind cd afecteazi un e-
dificiu de pinze constituit i teclogeneza austricd, dupi
cum se poate vedea m Fagirasul de est. Primul carve
a bitnuil existenta moaccasti arie o unor cute dever-
sate spre nord a fost Ghika-Budegti (1940), idee re-
luatid de Dimitrescu (1963, 1978), dar dezvoltatd la
semnificatia el majorii de Balintoni et al.  (19806).
Consecinta de mare msenmnilate a aspectelor tectonice
deserise mai sus este transpozitia, prin cutare alpind
deei, a entitililor metamorfe din care este format ma-

sivul Fagir
de Suru”, in acceptia antorilor comentati mai inainte,
nu reprezinti un moncelin cu polaritate normala, ci
se reparlizeazd la dond unitigl tectoniee diferite si se
repeti de doud ori, o dati o sinforma Suru gi o dald in

ag. Alel spus, nu numat ¢d Tformatiunea



antiforma Scara. Prin urmare am fi in prezenta a pa-
tru formafiuni de Suru, ceea ce nu este cazul. Atragem
incid o datd alenfia asupra dificultatilor itimpinate
de clasificarea formali a metamorlitelor precambriene
carpalice, la ora actuali. In ceca ce priveste tectonica
disjunctivid alpind, este de relinul [alia majord care
Intrerupe spre vest pinza de Piriul Moasa.

V. METAMORTISM

Giuged et al.  (1977) au constatat ci, pe pro-
filul soselei transffgirigene, tatalitaten metamarfitelor
intilnite denotd un metamorfisim mai vechi. la nivelul
stabilititii termodinamice a staurolitulul st disteuu-
lui, urmat de un retromorfism in conditiile termo-
dinamice caracteristice pentru zona cloritului. Pe
toatd portiunea, de la contactul tectonic cu litogrupul
Cumpana si pind la limita depresinnii Transilvaniel,
soseaua Lrans[Agariiseana wtrelaie litogrupul Fagaras.
Balintoni (1975) a ardtal ¢d in cadrul litogrupului
Cumpana se pot deosebi doud metamorfisme de grad
ridicat, prevaristice, celui de al doilea datorindu-i-se
migmatizarea intensid.  Observatiile noastre, ficute
de-a lungul mai multor ani, indicid Taptul ¢ partile
neretromorfozate ale litogrupurilor Moaga g1 Fagaras,
cum ar fi, de exemplu, orizontul inferior al para-
gnaiselor fanernblastice cu staurolit si disten al lito-
zonei Serbota, denotd o reorganizare structurali ac-
centuata, in timpul formirii foliatiel Su, care alecteazd
mecanic staurolitul & distenul si poslerior carela
cristalizeazd in unele locuri sillimanit pe disten (Ste-
lea, date nepubl.). Transpozitia foliaticl &) cste gene-
rald, vizualizatd de omniprezenta cutelor intrafoliale
dezrddicinate (semsu Tuener, Weiss, 1963). Cartarea
electuata de uoi a pus in evidentd, in cadrul litogrupu-
lui Moasa, relatiile spatiale ale secventel puternic
retromorfozate varistic cu partile sale neretromer-
{ozate. Dacd desfagurim antiforma alpinid Scara se
poate remarca, fara dubi, ¢d mtensitatea retromor-
fismului scade de sus i jos, pimi la o suprafati apro-
xtmativ pland m pozitia sa initiali, care intretaie oblic
litarea g1, deci, unitdtile litostratigrafice.  In piriul
Moaga Avrigului este bine deschisii, extinzindu-se pe
cileva sule de metri zona de lranzilie de la partea infe-
rioard neretromorl(a la partea superioarii intens retro-
morfa a litogrupului Moasa. Zona de tranzitie se ca-
racterizeazi prin apari(ia, abia perceptibili la inceput,
unei not foliatii (53),
trativd, precum si prin calaclazarea asociatiilor mi-
nerale preexistente, msolilte de transformiirt mineralo-

care va deveni repede pene-

gice parfiale, de aga manierd cil roca ia uneori aspect
de cataclazit dintr-o zond de falie. Mergind mosus
litogrup (stratigrafic) se ajunge la raci cu aspect fi-
litie, In care stauralitul si distepul dispar. doar rareari
mal persistind granat cloritizal. Deversarca nordied a

1. BALINTONI, D. PANA

antiformet Scara a plasat zona retromortiiin pozitie ge-
ometricd inferioar comparativ cu zona neretromorfa,
situalie ce l-a determinat pe Chivu (1985) s pund un
contacl de saria) intre cele doud orizonturi ale lito-
zonel Serbola. Acest autor a inclus orizontul inferior
al paragnaisclor faneroblastice la seria de Cumpdna,
mezozonald, iar orizontul microblastic superior la se-
ria de Poiane Neamfului epizonala. Se poate aprecia
cd partea retromorfd a litozonel Serbola — separati
de noi ca orizontul superior microblastic - formeazi o
sinforma prin intermedinl cdrela se trece spre nord,
in apropierea contactulul cu sedimentele depresiunii
Transilvaniel, Bazindu-ne
gl pe cercetirile noastre din alte regiunl, considerdm
cd pirtile retromorlozate I orogeneza varisticd ale
stivelor precambriene pot fi utilizate m raport cu struc-
turile alpine ca un indice al polarititii litajului.

la o antiformi normali.
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PALEOMAGNETISM OF THE UPPER CRETACEOUS ROCKS AND ITS
BEARING ON THE ORIGIN OF THE ROMANIAN CARPATHIAN ARC
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. Abstract: Studies carried ont in the Bend Area of the Romanian Carpathians show that

the Upper Cretaceous paleomagnelic directions are related with several tens of degrees
clock-wise with relation to the Eurasian relerence declination which is about NE-15° in
this region. This stresses oul that thie bent chain is not of primary but of secondary

generation.

Introduction

The large loop-like Carpathian Arc is one of the
most promineni features within the Alpine Fold Belt
whose origin has leug been debated.
several authors accepted that this structure was pri-
mary and the tectonic zonation of the Carpathians
has been formed in silu. Such a conception is still
worked on (e.g. Cech and Zeman, 1982). Most au-
thors now favour the sccondary origin of the arc, bul

In the past,

there is no agreement concerning ils age and dynam-
ies. Some stress out mostly the Cretaceous age of
the arc genesis {Beer, 1980; Biju-Duval et al., 1978;
Dercourt et al., 1986; KNovacs, [082), while others
hypothesize Neogene or Neogene-Quaternary bending
(Balla, 1982; Bocealelti ot al., 1974; Horvath et al.,
1981). There are also opinions that the actual beut
shape of the Carpathians is the result of Cretaceous
and Ncogene prograded and partly concentric beud-
ings (Sandulescu, 1980, 1084).

In order to answer such questions paleomagnetic
studies were carried out within the Academic cooper-
ation. Paleomagnelic investigations ol the Upper Cre-
taceous rocks in the West Carpathians as well as in the
Bast Ukrainian Carpathians showed that the northern
part of the arc is secondary (Bazhcnov et al., 1980;

Bazhenov and Burtman, 1980). The lLere supposed
horizontal displacements {Sanduleseu, 1975) were con-
firmed (Burtman, 1984, 1986).

The only pre-Neogene paleomagnetic result reported
so [ar {from the Romanian Carpathians Bend Zone is
that of Patrageu (1970) [rom the Persani Mountains
(Fig. 1), based on four samples of Neocomian age.

Geological Setting and Sampling

The important salient bending area of the Roma-
nian Carpathians represents the junction zone of the
tectonic units known in the East and South Carpathi-
ans (I'ig. 1). There may be recognized (Sandulescu,
1980, 1984) mid-Cretaceous, end-Cretaceous and Neo-
gene deformed units, namely nappes.  The inner
nappes (Transylvanides and Median Dacides) of mid-
by an Upper Creta-
ceous and Palcogence post-tectogenetic (post-nappe)
sedimentary cover (neoautochthionous).  The end-
Cretaceous and Neogene nappes group together within
the East Carpathians Flysch Zone. One of the umpor-
tant end-Cretaceous nappes of the inner part of the
Flysch Zone is the Ceahliu Nappe (Tithonlan, Lower
Cretaceons and Upper Crelaceous up to Senonian sed-
imentary rocks). Its [rontal part s covered by the Up-

Cretaceous age arc covered
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Iig. 1 PPaleomagnetic sampling localities.

legened:

M. BAZHENQV et al.

OPLOESTI

I, Transylvanian nappes; 243, Median Dacides (2, Supragetic, Bucovinian and Sub-bucavinian nappes; 3,

‘Getie Nappe); 4-6, External Dacides (4, Baraolt Nappe; 5, Ceahldn Nappe; 6, Bobu Nappe); 7, Maldavides; 8, Post-
tectogenetic cover of mid-Crelaceous units; 9, Post-tectogenetic cover of end-Cretaccous unils; 10, nappe contoury 11,

fault; 12, medialed declination.

per Senaonian-Paleogene post-nappe sedimentary cover
which starts with the Gura Beliei Marls. External with
respect to the Ceahlau Nappe, also of end-Cretaceous
age, there develops the Bobu Nappe, built up by Lower
and Upper Cretaceous sedimentary formations. Con-

comitantly with the end-Cretaceous overthrusting of

the Ceahlau and Bobu nappes, deformations (fold-
ings, thrustings, retrothrustings) ol the more inner
Median Dacides and of their Upper Crelaceous posi-
tectogenetic cover took place, but with different. inten-
sities following different sectors separated by transvers-
al normal and strike-slip faults (i.c.. Dealu Mare or
Bran laults).

Sixty-five hand samples were Laken at five localities
(Fig. 1) (sce also Table for sampling details). At lo-
cality 1 near the Telin village, east of the Bragov town,
light and dark-grey marls of Campanian-Maastrichtian
age, belonging to the youngest formations of the Bobu

Nappe, crop oul. I'wo sites have been sampled. At
the site 1-A the strata dip to the west at an angle of
15°-0% At the site 1-B Upper Cretaceous rocks of the
upper limb of a lying fold are in overturned position
and dip gently to the soutli-west,

Locality 2 1s situated on both banks of the Pra-
hova River, close to ils tributary, the Gura Beliei
Brook, south of the Comarnic town. Gura Beliei Maas-
trichtian marls overlie here the frontal part of the
Ceahldu Nappe. At the site 2-A on the left river-bank
red marls dip steeply nortlhwards. Site 2-1 on the other
bank is about 30 m higher stratigraphically and the
ENE-striking strata ol alternating red and light-grey
marls are subvertical.

At locality 3 light-grey, pink-tinted
Campanian-Maastrichtian marls crop out an the left
slope of the Dimboviga River Valley, upstream the
Laical village. These_ rocks dip south-castwards al an

sometines



PALEOMAGNETISM OF THE ROMANIAN

'ARPATHIAN ARC

11

Table

Upper Cretaceous Palcomagnetic Results

Loc. | Site | A7 a2 T n Before tilt-correction Alter tilt-correction
a | b DY IV [ k [alpha95” [ DY [ T" [ k [ alpha-85°
1 1-A 285 25 40 9 7 GR 4 15 134 64 25 21 11.6
1-B 55 155 5} 4 1° 227 0 72 30
Mean for locality 8 T2 5 3 28.9 65 26 24 10.2
2 2-A a 4 i5 9 8 126 16 57 G.G 83 42 90 52
2-B 20 85 30 5 q 170 11 9 23.5 100 59 17 17.1
Mean for locality 12 140 15 10 13.1 30 48 27 7.8
3 3 136 25 13 12 3 Bh3 T3 16 15.8 98 73 20 I4.0
4 4-A 335 10 3 1 3 120 29 14 22.0 115 37 13 23.0
4-B 150 40 Bh 11 i 61 62 11 16.3 111 42 13 14.6
Mean [or locality 1a 87 56 6 17.9 12 41 14 11.7
5 5-A 135 15 3 3 T3 72 6l 91 35
! 5-B 150 15 10 6 1 125 50 131 36
Mean for locality (samples) 3 93 59 16 20.2 108 51 13 22.3
Mean for locality (speciniens) 8 111 49 3 17.6
Overall nean: N = 5(2-A, 2-B, 4-A, 4-B, 5) 124 40 4.8 29.1 104 47 44 9.4

Footnates:

AY - mean dip direction; d® - mean angle of dip; TH - true thickness studied, meters;

n - number of-samples: a, taken; b, accepted; DI, mean declination and inclination; k,

concentralion parameter; alplia-95, radius of confidence circle; N, number ol niean vectors

used for CPR-test.

angle of 20°-30°. They are in the same tectonic posi-
tion as those of locality 2, bul in a more internal area.

Locality 4 is on the right bank of the Ghimbav
River, south of the Rignov town. Medium- to fine-
grained sandstones (10 samples) and marls (5 samples)
of Turonian-Campanian age were taken on both limbs
of a WSW striking synelinal fold. The strata dip at
an angle of 10°-15Y on the southern limb (site 4-A)
and steeper, from 30° to 50° on the northem one (site
4-B).

Locality 5 is situated in the valley of the Ciciulata
River, right tributary of the Olt River north of
the Cilimanesti town.  Campanian-Lower Maas-
trichtian sandstones and marls overlying the Getic and
Supragetic nappes are exposed along the south-west
dipping homocline where angles of dip range from 10Y
to 20 'The two sites studied are about 250 m apart
stratigraphically,

Paleomagnetic Investigations

Four specimens were cut [rom cach hand-sample in
the laboratory. T'wo specimens per sample were sub-
jected to stepwise thermal cleaning up to 400"C in
a furnace shield with two ye-metal layers and placed
within three-pair system of lelmbholts coils; due to fur-
nace design the collection could not be heated ahove
this temperature. I the within-sample scatter of
paleomagnetic vectors was high, an additional speci-
men was heated. Mutnal orientation of specimens was
changed after cach step of cleaning in order o detect
and evaluate laboratary-induced magnetizations, All

measurements were made with Czechoslovakian JIR-4
spinner magnetometer placed within large Helmholts
coils in order to diminish viscous magnetization in the
ambient field. Results of thermal cleaning were ana-
lyzed with sterconets. Besides, storage tusts were car-
ried oul on weakly magnetized marls from localities
1 and 3 by placing two specimens per sample into p-
metal shield for thirty days. ‘These resulls were used
only for qualitative evaluations of natural magnetiza-
tion (NRM) stability.

The rocks studied are characterized by NRM inten-
sities from 2 to 28.107°% emu per cem in redbeds (loc.
2), of about 1.107% emn per cem in grey sandstone
(loc. 4 and 5) and as low as 0.1-0.9.107% emu per cem
in light- and dark-grey, sometimes pink-tinted marls
(loc. 1,3 and 4).

Thermal demagnetization of redbeds at 200°C re-
sulted in two or three-fold drop of remanence and
considerable shift of paleomagnetic directions. After-
wards, magnetization intensity decreased much slower
and vectors were stable within 2°-3Y limits. Three
samples of relatively strongly magnetized grey-marls
(rom this locality yielded magnelization dircctions sim-
ilar to those of redbeds at 200°C and 250°C but at
300°C within-sample scatter grew drastically and re-
manences dropped near to noise-level of the magne-
tometer.

Magnetization values in grey sandstone often difler
by factor two or three within a sample. About half
of this collection is characterized by very high within-
sample seatter of paleomagnetic vectors and according
Lo randomness eriteria set forth by Irving (1964) such
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samples were omitted. However, other sandstone sam-
ples revealed moderate to low scatter and correspond-
ing sample-ineans are rather well grouped (see table)
and directionally stable within-sample scatter in these
rather coarse-grained rocks is mainly due to generally
poar arientation of ferromagnetic particles.

After storage, grey marls showed marked changes
botk in intensity and direction of NRM thus testify-
ing to considerable imprint, most prohably of viscous
origin. These rocks were heated from 100° to 3009
in five steps and the main part of this collection he-
came unmeasurable within this range. Many samples
revealed very high or even chaotic scatter of specimen
directions partly due to the low magnetization of the
marls, Only those samples had been taken into consid-
eration, which had been measurable at or above 200°C!
and passed the randommness criteria. To our astonish-
ment, these sample-means are rather clustered (see ta-
ble). However, the mean vector for locality 3 beflore
correction for tilt nearly coincides with the modern
dipole of this region. A very recent age of magnetiza-
tion was suspected here and this result was omitted.

From the very beginning, both true thickness and
number of samples studied al each site and locahty

were inadequate for reliable averaging of all kinds of

paleomagnetie noise, including secular variations. Be-
sides, many samples were rejected. There seems to be
no reason to believe that site-means should be parallel
to each other even if magnetization of the rocks under
study is the single-coinponent prelolding one. Thus an
application of fold test as suggested by McFadden and
Jones (1981) did not seem justified for this data set
and we had o use much less rigorous concentration
parameter ratio (CPR) test (McElhindy, 1964). This
test gave no definite results at site level as bedding
attitudes are almost uniform at each site. At locality
level, this test was positive for localilies 1 and 2 and
marginally so for locality 4. However, this test is crit-
1wcally dependent on a single accepted sample from site
1-B. Further on the CPR. test was applied at site-mean
level. The mean for locality 5 was used as a single en-
try here, as bedding attitudes are very similar at sites
5-A and 5-B and only three samples yielded accept-
able results. The Carpathians structures trend nearly
north-south only at locality 1, while they arc sublat-
itudinal at the other ones, and we preferred to carry
out this test anly for the latter group (see table). The
ratio of concentralion parameters for these five means,
after and before tilt-correction, is 9.2, while the critical
value at 95 % confidence level is F(8.8) = 3.44. The
test is clearly positive. Thus 1t can le concluded that
prefolding magnetization prevails in aur collection for
loeality 3.

All the Upper Cretaceous rocks revealed normal po-
larity except for two reversedly miagnetized samples.

M. BAZHENQY et al.

These two directions are nearly antiparallel to the nor-
mal ones, but it is clearly not enough for conclusive
reversal test,

OQur results (Fig. 2) differ greatly from any Meso-
zoic and Cenozoic paleomagnetic directions reported
so far for the Eurasian and African plates. On the
contrary, they are similar to those hy Pitrageu (1970}
from the Persani Moumtains: [ = 2529, 1 = -19°, or
after reversal B = 7291 = 19V,

N

S

Fig. 2 - Stereoplots of Upper Cretaceous paleomag-
netic data,

A: Site- and  locality-means  (dots) tilt-
correction. Full eirele denotes the present dipole field
direction. Caonficlence circle is shown only for mean
veclor for locality 3; B: Site- and locality-means af-
ter tilt-correction together with their cordfidence circles
{mean for locality 3 is omitted). Siles and localities
are munbered aceording to the text and Figure 1. All
data are projected to lower hemisphere.

before

It seems reasonable {o conclude thal iectonics is
the only plausible explanation of the anomalous pa-
lecomagnetic directions from the bend area of the Ro-
manian Carpathians. However, these data are clearly
of preliminary character because of uncomplete clean-
ing, rather small statistics ete. “Thus they are unfit
for quantitative estimations of displacements andfor
rotations and can be used only for qualitative inter-
pretations,

Interpretations and Conclusions

The Upper Cretaceous paleomagnetic directions
from the Romanian Carpathians are clearly rotated
with several tens degrees clockwise with relation to the
Burasian reference declination which is about NE-15°
in this region.

Al the same time it is to stress out that the paleo-
magnetic data show Lhat the bent chaln is not primary
but of secondary generation. '
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Taking into account the paleomagnetic results as
well as the mutual refations between the different ma-
Jor tectonic units of the area, it is possible to show
a model of the Senonian paleotectonics (palinspastics)
(Fig. 3). On it the results of the mid-Cretaceous de-
formations are cumulated but not yet those of the end-
Cretaceous overthrustings and loldings.

In a more detailed analysis of the relations be-
tween the paleomagnelic directions and the tectonie
elements, 14 is necessary Lo take into consideration the
[olowing situations:

|

Medion
Dccides

Maldavides

Inner
| Dacides

Fig. ! Palinspastic sketel of  the Homaman

Carpathians during the Lowermost Senonian time.
Ng, actual north crientation; Ne, Cretaceous north ari-
entation.

— Localities 1, 2 and 4 are situated north of the In-
tramoesian Fault which, at the end of the Cretaceous,
developed as right-lateral strike slip, while locality 5
is west of the fault. The dextral character of the lault
allowed a more important displaceinent of the western
block of the Moesian Platform (with respect lo the
Intramoesian Fault), generating the South Carpathi-
ans recess bending in its preseut form. North of the
Intramoesian Fault the bendings may be both end-
Cretaccous and Lower/Middle Miocene.

- Some differences between the paleomagnetic direc-
tions in localities 4 and 5 with respeet to those in the
localities L and 2 could be explained as a result of ad-
ditional local clockwise rotations due to the existence
in their vicinity of left-lateral strike-slip faults, namely
the Dealu Mare fault for the locality 4 and the north
Caciulata Fault for locality 5. These additional local
rotations of small blocks may be of Miocene age.
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PALEOMAGNETISME DES SERIES SEDIMENTATIRES MESOZOIQUES DE
L’UNITE DE BIHOR (MONTS APUSENI SEPTENTRIONAUX,
ROUMANIE); CONSEQUENCES PALEOTECTONIQUES
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Mircea SANDULESCU

Institutul de Geologie 51 Geofizicd, Str.

Caransebes L, 78 344 Bucuresti.

Key words: Sedimentary cover. Triassic. Jurassic. Cretaceous. Paleomagnetism. Mag-
netization. Thermal demagnetization. Remagnetization. Apuseni Mountains — Northern
Apuseni Mountains - Pidurea Craiului Mountains.

Abstract: Paleomagnelism of the Mesozoic Sedimentary Scries of the Bihor Unait (North-
ern Apuseni Mountains, Romania). Paleotectonic Consequences. Paleomagnetic studies
were carried out in Pdurea Craiului Mts on Triassic, Jurassic and Crelaceous sedimen-
tary formations belonging to the Bilior Unit. A number of 292 specimens were analyscd
by thermic demagnetisation. Tt is Lo stress out that all the values measured correspond
to an event younger than the Turonian, connected with the regional heating determined
by the banatitic intrusions at the end of the Senoniau and/or in the Palr*ocene After and
partly during the remagnetisation the Apuseni Mts rotated clockwise al 60° in respect of

the stable Furope.

The rotation should start at the end of the Senonian and continued

during the Paleocene and possibly during the Lower Miocene.

Introduction

Dans la partie septentrionale des monts Apusent,
situés en Rowmanie, affleure une unité structurale
particuliere, P'unité de Bihor (Fig. 1), qui est in-
terprétée comme un autochtone relatifl sur lequel a
été charrié durant le Turonien un systéme de nappes
de caractére austro-alpin (Saudulescu, 1975; Bleahu,
1976 b). La position de cette unilé & Pintérieur
de Parc carpathique pose d’itnportants problemes de
reconstitution paléogéographique.  Son origine est
4 elle seule l'objel de controverses. En ellet, cer-
tains auteurs (Kovacs, 1982; Dercourt et al., 1985)
considérent que durant le Jurassique et le Crétace
inférieur, I'unité de Bihor était située sur la marge
nord de la Néotéthys, alors que d’autres (Sindulescu,
1984; Debelmas, Sindulescu, 1987) préferent au con-
traire la situer sur la marge sud et en font un élément
du promonioire apulien.

On ignore par ailleurs si, durant les déformations
alpines, cettc unité est restée solidaire de Pune ou
Pautre de ces marges ou si au contraive elle s’est com-
portée comme une unité tectonique distincte avec ses
propres déplacements. D’autres autcurs (Boccaletti
et al, 1974; Bleahu, 1976 a; Kozur, 1984; Balla,
1986) proposent en effet pour le domaine carpatho-
pannonien des reconstitutions paléotectoniques dans
lesquelles ils font subir & Punité de Bihor et aux monts
Apuseni en général, une votation parfois importante
mais dont ie sens, fante de données suflfisantes, n’est
pas clairement établi et varie selon les interprétations.
méthode la

Le paléomagnétisme est la mieux

adaptée pour détecter de tels déplacements et en
évaluer  amplitude. La connaissance de ceux-

comprendre la morphologie
actuelle de la chaine carpathique. Nous avons donc
choisi d’échantilloner les formations sédimentaires
mésozoiques de Punité de Bihor, afin d’apporter des
informations paléomagnétiques inédites sur cetle unité
et d’essayer de reconstituer en partie son évolution
cinématique. '

¢l est capitale pour
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Carte structurale simplifice des Carpathes ('apres Sdnduleseu. 19s1).

1, dépressions molassiques el couverture post-tectonique; 2, volcanisme néogine; 3, voleanisme crétacé supérieur;
4, Moldavides; 5, flysch <le Migura; 8, Piénides; 7, Dacides marginales; 8, Dacides externes: 9, Dacides médianes
(orientales et méridionales); 10, Transylvanides, nappes transylvaines et Vardar; 11, Dacides internes; 12, unité de

Bihor (Dacides internes) et sectenr d'étude (encadré).

Nous présentons dans cet article les résuliats
paléomagnétiques que nous avous obtenus sur les séries
triasiques, jurassiques el crétacées des monts Padurea
Craiului, situés dans la partie NW des monts Apuseni
(49.9°N; 22.5"E), et dans lesquels affleure la couverture
sédimentaire de P'unité de Bihor.

Présentation des faciés

La couverture sédimentaire des monts Pidurea

Craitului comprend un Trias d’environ 800 4 1000 m
de puissance (Fig. 2), mais qui n’est bien développé
que dans sa partie inférieure et moyenne. Il repose
en discordance sur les grés rouges et les conglomérats
attribués au Permien. Les dépots triasiques débutent
par un ensemble gréso-quartzitique rouge attribué au
Werfénien, aucquel succéde un complexe carbonaté
massif d’age anisien comprenant des calcaires noiratres
vermiculés (caleaires de Bucea) et des calcaires som-
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Fig. 2 Colomne lithestratigraphique svothéGogoe dis acries tesozorgques de Taniee de Bihor

{(aprés Patealius, 1976).

bres (calcaires de Vida), sépards par des niveaux
dolomitiques massils. Le Ladinien est représenté par
des caleaires récilaux massifs et clairs & Diplopores
(calcaires de Wetterstein), alors que le Trias supdrieur,
pratiquement inexistant, ne comporte que des argilites
et des sills noirs attribuds au Rhétien.

Le Jurassique des monts Padorea Crainlui a une
puissance plus réduite (environ 500 m). et débute par
un Lias inférvieur continental & lacics de Gresten com-
portant des conglomérats el grés A intereallations de
charbons. La sédimentation iarine jurassique débute
au Sincmurien inféricur. Les dépots dn Lias supéricnr
comportent entre autres au Phensbachion des ealeaires
gréseux el au Toarcien des marno-caleaires souibres &
nodules de phosphate. Le Dogger est intégralement
développé el se caractérise par une séric marno-caleaire
fortement condensée qui excéde rarement une dixaie
de métres, Le Malm est également caleaire ot devient
massif au Tithonique.

Les dépats erétacés, denviron 2000 m de puissanee,
débutent an Néocomien par des bauxites déposdes
toit du Malm. Le Barrémicn comprend des caleaires
organcgenes  (caleaires  inféricurs & Pachyodontes)
PAptien des marnes et caleaires (couches d'Eeleja ot
caleaires moyens 4 Pachyodontes) et PAibien une série
marno-détritique glanconieuse dgalenient a intercalla-
tions de caleaires 4 Pachyodontes. Le Cénomanien et
le Turonien inléricur sont ceprésentds par des schistes

bigards ot des gros. La série mésozoique s'achive au
Sénonien par la formation de Gosau, post-tectonique,
qui recouvre en discordance les terrains plus anciens.

Echantillon nage

[échantillonnage a ¢ réalisé au moyen d'un carol.-
tier & moteur, permeitant de [orer des caroties de
25 m de dimmeire, Celles-ei ont &6 ultéricurement
deébitées en plusicurs dehantillons evlindriques de di-
mensions slandard,

Nous niavons retenn pour Udchantillonnage ol
PFanalyse magnétique que Jes Tacies bien litds o1 de
preférenee marins et carbonaldés, Les njveaux mios-
sifs ou rdeilanx. done sans stratification visible on pan-
vres en oxydes magnétiques ont ¢¢ systématiguenent
fearteés dans notre choix.

Les formations échantillonnées sont pour le ‘Irias,
les quarizites ronges du Werlénien (site Q. Fig. 3),
ot les caleaires anisiens de Bucen (sites B1. BM ot
BS5) ot de Vida (sites VI el AA des vallées de Vida
et d’Alhearaj. Pour le Jurassique, deux seeteurs prin-
cipaux d'échantillonnage oni $té choisis en raison de la
boune qualité des aflleurements: Je seeteur de Galigeni
(site G'I panr Ie Toareien et sites G et GO'S pour le
Bathonten-Callovien terminal) et e secteur de Vadu
Crisului (site VI pour le Plienshacluen ot VOD pour

le Bathonien-Callovien supéricur). Lo Crétaceé a &6
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Carte geologique simplilice des monts Padorea Craindui (Fapres fes fenilles Yeee Hatare e Remeti au

Les dtoiles indigquent Ia localisation des sites d "échantillonnage. Priss e la localité de Boeea, (Q) désigne les quartzites
du Werléniens (B1). (BM) et (BS). respectivement. les parties inférienre, moyenne s supérieure des calcaires de
Bueea (Anisien).  Les caleaives de Vida également anisiens ont ¢16 cehantillonnds dans les vallées de Vida (V1)
ot d'Abioara (AA} Prés de la localitd de Vadu Crisalui, (VP) désigne le Plicnsbachien et (VCD) les facies du
Bathonien-Callovien terminal. Pris de Galdseni. (GT) désigne le Toarcien, (GD) e Bathonien-Callovien inférieur
et (GCS) le Callovien supérieur. Les sites (VA (1503) et (DAY correspondent anx couches d'Beleja dage aptien
el sont situdes respectivement dans les vallées de Migura (Bédoulien), de Vasii (Gargasien) et de Dabresti. Le site

(BCY correspond aux pélites et gres du Cénomanicn de la vallée de Vasii,

échantillonné dans la parlie occrdentale des monts
Piadurea Crainlui, non loin du front de la nappe
d’Ariegeni. I s’agit principalement. des couches
d’Beleja age Aptien (site DA, Aptien de Dobresti;
site BG, Gargasien de la vallée de Vasii et site VM,

Bédoulien de la vallée de Magura). Le Cénomanicn

a été également échantillonnd dans la vallée de Vasii

{site BCY; nous y avons distingué une partie gréseuse
(BCD dPune partie pélitique rouge (13072).

Nous avons analysé au total 292 spécimens dont
81 sont d'age triasique, 131 d’age jurassique el 80
ont
Pinductometre a rotation continue de type JR-1 (Ge-
olysica. Birno) du Laboratoire de Géomagnétisine du
Yare Saint Maur.

dlage crétacé.  Les mesures e réalisées sur

Analyse de Ia mindralogic magndétique

Plusicurs échantillons témaoins ont été sélectionnés
en chague site alin de préciser la nature des minéraux
gquils conticnnent, B raison de la taille réduite de

cos minéraux el de leur faible concentration dans les

sédiments, nous avons choist d'utiliser les méthodes
de détermination indirecte gqui utilisent les propriélés
magnéliques des ininéraux (Lowrie, Heller, 1982).

Ces techniques  consistent d’une part & tracer
les courbes Cacquisition de Pabmantation rémanente
isotherme (ARD. cn sommettant les échantillons au
champ continn croissant d'un électro-aimant jusqu'a
la saturation ot. dlautre part, & tracer les courbes de
désaimantation thermigue de PARD A saturation. On
détermine amsi pour chague spéeimen les spectres de
champs de hlocage el les points de Curie des mindraux
magnétiques.

Les dchantillons triasiques (3M, BS ot AA), ceux
dn Toarcien de Giligeni (G'T) et de "Aplien de
Dobresti (DA), onl une ARID qui croit rapidement
Jusqua 02T (Fig.  4da).
s'infléchissent et présentent une croissance plus faible.

Au dela, les courhes
Ces échantillens comportent. done principalement des
minéraux magnéliques a [aibles champs de blocage.
du type titanomagnétite. La saturation incomplete a
1.6 T indique ¢qu’une autre phase minérale plus discréte
et & champs de blocage élevés est dgalement présente.
[l s’agit probablement d'hématite. Ce dernier minéral
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jurassiques (VP, G'LL GD et GUS) et erttaces (VAL DA e BOZ)

est. le porteur principal e Paumantation
échantillons pélitiques rouges du Cénomanien (B(C2)
el des échantillons du Dogger de Galaseni (GD). 11
prédomine également dans le Plienshachien de Vadu
Crigului (VP) et esl présent en quantilé nnportante,
associé & des titanomagnétites, dans le Callovien
supérienr de Galageni (GCS).

Lars de la désaimantation thenmique de PARL des
échantillons (Pig. 4b),
détermine diflérents points de Curie qui s ¢chelonnent
enlre 500 et 380YC. ponr les titancmagnéliles ot
atteignent 700°C pour hématite. Dautres points de
Curie peuvent etre déduits a partir des tangentes aux
différents points d'inflexion des courhes. Par exemple,
la chute brutale de PARI des échantillons du Bédoulien
de la vallée de Magura (VM) permet dlidentilier par
extrapolation un point de Curie voisin de 100C qui ca-
acterise la goethite, laguelle se transforme en hédmatite
a hante température,

D'une
pélitiques rouges du Cénomanien qui renferment essen-

Pannudation de la rémanence

Ll

maniere géndrale, hormis les échantillons

tiellemment de Phématite, tous les autres échantillons
possédent une minéralogie magnétique multiple avec
comme indiquent les ondulations des
plusicurs générations de

certainement,
courbes de désaimantation,
minéraux magnéticues.

des

Analyse palé¢omagudtigue

Méthode ~

Les éehantillons onl été laissés au mininmu un mois
dans une enceinle en champ nul alin d’¢liminer la pat-
tie principale de Paimantation visgueuse acquise in situ
par les éeliantillons ainsi qu'entre le moment de leur
preéfevement et lear préparation an laboratoire,

Tous les spécimens onl éL6 Ltotalement désaimantés
avec  un
minimum
cetle opération,
175 ou 2007C se
réparlissent généralement autonr de la direction du
(CMTA)
respoudent a la composante visquense deTaimantation
rémanente naturelle (ARNY, (g, Sa. b, ¢). Au dela
il est fréquent d'observer une

par des chanlles  progressives  effecluées
pas de 25 ou H0"(
et 700°CY au maximun,

les aimantations dlimindes

Jusgquta 40070 an
Durant
Jusqu'a

champ magnétique terrestre actuel cor-

de cos températiures.,
évolution de faible waplitude mais continue de la di-
reclion de Pabmantation restante. Celle-ei se traduit
avee plus on moins de netletd sar les projections de
Zijderveid (Fig. 5 d,
conrbes

e, [) par des branches légérement

mais qui convergenl pratiquement (oujours

vers origine. Lexistence d'une telle évolution indique
que certaing échantillons comportent, en phis d’une
composante visqueuse récenle, an moins deux com-

posantes daimantation anciennes de directions trés

proches qui sont les symiptomes d une réaimantation.
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Fig. 5 ylhauty Stertoprammes (i by o oexemples dvolunions des divections daimantation. obseryvées
durant a désamantation thermique de trois échantillons age triasique (a), jurassigue (b) ot erétacé (¢},
Tons les vecteurs sont diriges vers le bas. Les ronds velids entre cnx représentent les directions successives de
Paimantation restante au fur o & mesure de la désaimantation. Les triangles représentent les aimantations
éliminées avee lews fempératures correspondantes (en °C). CMTA: champ magnétique terrestre actuel. NG:
Naord géographigue.

(Bas) - Diagrammes de Zijderveld (d, e, [} des mémes échantillons: les symboles pleins et les symboles vides
correspondent respectivement. & la projection du vecteur aimantation dans le plan horizantal et dans le plan
vertical. Toutes les figures sont sans corrections lectoniques.
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Nous avons choist de couserver comme direction ca-
ractéristique de chaque échantillon, Ia direction de la
composaile d’aimantation & températures de hlocage
élevées, délinie par le groupement final des différences
vectorielles. Pour chaque site, nous avous caleulé Ja
moyenne des directions caractéristiques de tous les
échantiltons, avee et sans correction du pendage des
cottehes, en utilisant la statistique de Fisher (Tableau).

de ces formations sont assez mal groupées en Pabsence
de corrections tectonigues (Fig. 6¢). Illes sont & peine
moins dispersées apres corrections (g, G}, mais ecr-
taines formations d’ages comparables, comme le Toar-
cien de Géligeni (G'T) ot e Pliensbachien de Vadu
Crigului (V1), ont des directions caractéristiques qui
different de pros de 353" eninclinaison.

Tableau
ARN Dircctions caractéristicques
Sites N [AMomenten DOy ") A9 Sans correclion Avee correclion
0~ Afm D™ MY " Aos(™M | DM (MY A9s(™)

Q 1 20.0 06.8  56.3 99,9 57.5 2.0 62.7

Bl 8 1003 65.4  73.2 3.4 77.2 71.9 33 -3.8 604 1R
BM 13 137.7 R3.T  A8.1 2.8 845 45.1 24 35.3 T9.1 2.9
3S 23 180.9 120.9  59.6 0.5 127.7 Bh2 S - MG . 8.4
V1 13 7.6 159 61.1 6.4 1.5 62,1 Bl 2.1 L 5 K.l
AA 23 46.2 62,2  62.8 1.7 90.1 581 2 3.8 ;0.0 2.1
vP 38 12.2 6.4 TL.6 2.4 79.2 (9.0 35 43T 434 3.5
GT 13 7.0 -25.7  83.0 2.6 ~62.9 819 2.9 T2.9 7.0 2.9
GD 19 26.1 3Ny 753 D 7.5 T7.2 2.5 T0.1 57.5 2.5
(@185 L7 114.9 -06.2  8§0.8 3.0 -G1.6 80.9 3.2 79.0 T1.8 3.2
VO ']4\‘ 10.6 63.0 1.5 71.3 66.4 1.5

) 85.0 16.4  64.0 5.2 (

Vi 11 ~111.1 59.1 J.u 834 42,0 3.4
VM 18 8.0 44.1 63.0 203 60.8 59.4 2.4 n2T ht.2 24
G 23 3438 17.2 603 1.7 55.8 GOL5 oL 52.9 81.5 2
DA 14 T7.4 ni.d H2.8 2.8 67.9 S0 3.4 uy.h Au.0 3.3
1’BC ¥} 17.5 9.1 624 3.0 Sl s 623 St 1095 T8 30
13¢:2 14 361.7 63.4  67.1 1332 (8.8 6.8 1.5 LAt 65.7 15

Analyse des résulfals

Nous partirons pour Panalyse deés résultats, des for-
mations les plus réeentes d’age crétacé pour terminer
par les plus anciennes d’age Lriasique.

Résullats des sites crélacés

Les directions caractéristiques moyennes, calculées
sur les différents siles crétacés, ont 616 reportées sur
la figure 6. ‘Toutes ces directions ont des inclinaisons
positives ¢’est-a-dire dirigées vers le bas, Sans correc-
tions tectoniques (Fig.
bien groupées alors yu'elles se retrouvent dispersées
aprés application des carrections de pendage (g, Ga).
Ce test du pli négatif montre done que les sites dage
réaimantation

Ga), ces direclions sont tres

crétacéd ont néeessatrement subloune

postérieurement anx déforinations tectoniques ou & la

fin de celles-ci, el ont Lous enregistré la meme direelion
daimantation de coordonnées moyennes: 1 = 60.8%; 1
= B8 AT =86,

Résulluis des stles jurassigpues

Plusicurs observations attestent que les formations
jurassiques ont égaloment subi des réaimantations.

D7me part, les directions moyenies caracléristigues

D’autee part, le Lias of le Dogger soutl des périodes
durant lesquelles le chimnp magnétique terrestre s'est
inversé a de nombreuges reprises.  Or, nous n’avons
décelé auvcune inversion de polarité sur fes différentes
formations jurassiques étudides.  Les aimantations &
températures de blocage éevées, mesurdes sur ces for-
mations, onl en cffet toutes des inclinaisons positives.

Eonfin, le cas particulier du Dogger de Vadu Crigului
apporte certainement Fargunient le plus convaingant.
La plupart des échantillons de ce site présentent une
seule composante daimantation d’inclinaison positive
Ta).
Quelques échantillons prélevis dans la base de la for-

el a températures de blocage élevées (Fig.

mation comportent, en plus de cette composante di-
recte, une composante sccondaire inverse (notées VO
inv. sur les figures G6e et 6d) & Taibles températures
de blocage mais de direction asser différente (Fig.
7h). Cette derniere esl éliminée aux alentours de 150
200°C. En Uabsence de correction tectonique (g, 7o),
lacomposante A temperatures de bloeage élevées, bien
gue située i proximité de Indirectios du CMTA, ne
peul étre une composante de nature visqueuse. Ilen
esl de meme de la composante a faibles températures
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de blocage dont la direction est trés différente de celle
du champ actuel. Corrigées tectoniquement (Pig. 7d)
ou non corrigées (Fig. 7e), ces denx composantes ne
sont jamais en disposition antipodale. 1] s’agit done
bien de denx camposantes anciennes de dircetions et
d’ages differents. St o applique la correction tLee-
tonique seulement a la composante & tempdératures de
Blocvage dlevdes, qui est certainement a plus ancienne,
les directions moyennes de ces deux composantes devi-
enent pratiquenent antipodales (Fig. Te). Enserbe
elles détermment une direction moyvenne (D = 708"
= GLY™: MG =
obtenues sur les formations crétacées réaimantées. La

1.5), qui est proche des direction-

composanle & tempdératures de blocage dlevées an
rait. done ¢ acquise avanl les délormalions on au
début de celles-ci, tandis que la composante i faibles
températures de blocage aurait été cnregistrée seule-

ment par quelques celiantillans, apres les déformations

CMTA
@ €yVCo
GD - f Gp
GCS @ V{Egmv. Y
_]_'Q vCD VP
6cs @

VP
VGD{S\L a'l_

Fag. Dections caractévistigques moyennes s
dilférents sites ertlacés (a, D), jurassiques (¢, d) et
triasiques (e, [). Les lgures de gauche (a, ¢ ¢) soni
sans correction de pendage. Les ligures de droite {b,
d, [} sont avee corvection de pendage. Les vecteurs
dirigés vers le bas el ceux dirigés vers le liant sont
représentés respectiverment par des figurés pleins el des
figurés vicles.

ftésullats des sites Iriasigues
Les divections caractéristiques des formations tri-
Aslques sont en oyenie nHenx groupdes apros cor-

rection des pendages (Fig. 6. Toutes ont des

S. BORDEA et al.

inclinaisons positives et pour la plupart proches de
GOV, Liinelinaison du site BM -atteint néanmains 809,
I est certain que toutes ces inclinaisons sont i,roﬁ
clevées pour des aimantations d’age triasique inférienr
et moyen et que ces formations ont été réaimantécs an
weme titre que les formations jurassiques et crétacées.
En absence de corrections tectoniques (Fig. Ge), les
directions caractérvistignes abtenves sur les sites Q)
BS, VI et AA pourraient fort bien étre d’age crétaeé
SUPCEen T sl el ednazotgie.

E/Haut

Ef!’Hau:
T

VCD-16c

e TC)

b

b (a. b): Zijclerveld
(~ans correction tectonicque) des éeliantillons du Dog-

IH;IHI-I.IIIHI!“."\' (Il'

wor des Vadu Criyulul, comportant nne seole con-
posante d’aimantation caractéristigue (a), el coni-
portant deux composantes caractéristiques (b)) dont |
e dlinclinaison négative a Taibles températures de
blucage, Mémes conventions que pour la fligure 5,
o e)r Stéréogrammes des direclions caractérisliques
i cleux composantes précédentes lorsqu’ancune cor-
rection tectonique west appligquée (¢}, lorsque la cor-
rection tectonigue est appliquée aux deux-composantes
(1), et loesqu’elle n'est appliquée qu'a la composante
a températures de blocage dlevées (). Mémes conven-
tions que pour la figure 6.

Conséquences paléomagudtiques

Les considérations préeddentes nous ameénent, a la
conclusion que toutes les séries sédimentaires éludides,
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dont l'age s’é¢tend depuis le Trias inléricur jusqu’an
Crétacé moyen, ont perdu leur aiinantalion primaire a
la suite d'une ou plusieurs phases de réaimantation.

Aucune des aimantations obtenues n'a donc Page

stratigraphique de la roche qui la porte. Nous avons
également vu que pour harmoniser les résultats, il con-
venalt d’appliquer la correction tectonique a certaines
directions, de ne pas Dappliquer a4 d’autres ou en-
core de n’appliquer qu’une correction tectonique par-
tielle. La réaimantation a done certainement affecté
des séries sédimentalres déja en partic basculées lors

des déformations intra-turoniennes et d’autres faible- .

ment déformées, mais qui subiront les déformations ul-
titmes de la fin du Sénonien et du début du Paléoceéne.

Afin de verifier cette hypothese, nous avons cherché
a déterminer si en effectuant seulement des corrections
tectoniques partielles, il était possible de faire con-
verger les directions des alimantations caractéristiques
des différentes formations vers une direction
mune. Cette derniére représenterait ainsi la direction
moyenne du champ magnétique terrestre qui régnait

COT-

durant la principale phase de réaimantation. Pour
celd, nous avons tracé sur le stéréogramnme de la fignee
8 les portions de petits cercles qui relient les directions
d’aimantation caractéristiques, corrigées et non cor
rigées, de chaque site. La plupart de ces petits cereles
se recoupent effectivernent. autour dune meme dire

tion de coordonnées 1 = 70.8% [ = 66,99
triasiques BS et VI n'ont pas été pris en compte dans

[Les sites

ce ralsonnement. En effet, le petit cercle associd au =it
BS s’écarte du lien des interscctions des antres pelits
cercles, certainement parce que les déformations qui
ont aflecté ce sile sont plus complexes que les madele
simple de carrection tectonique appliqué e, Le petit
cercle associé au site VI est au contraive Lres proche
du lieu des intersections des aulres pebits cercles, mais
les directions caractéristiques de ce sile, avant comne
Le site VI sern-
ble done avoir éué réaimanté plus récenmneni gue les

apres correction, en sont éloignées,

autres sites.

" La direction déterminde au moyen de Uintersection
des petits cercles est par ailleurs trés proche des diree-
tions caractéristiques du Dogger de Vadu Crigului et de
celles des différents sites erétacés, De plus, des travaux
paléomagudétiques déja anciens, réalisés par Phitragen
ot al. (19G4) et par Patragen (1970) sur le Werfénien
de Bucea et de Vintere ainsi que sor différentes for-
mations permiennes des nappes de Codru, ont dound
des directions d aimaniations tres voisines de la direce-
tion que nous avons caleulé et qui sont & I'évidence
également des réannantations,

L unité de Bihor a done subi en partie pendant ef
surtoul aprés la réaimantation, une rotation dans le
sens horaire d amplitude importante. Cette conelusion
souleve plusieurs problémes qui concernent dune part,

25

Porigine et 'age de la réanmantation et d’autre parl,
la durée, Pamplitude et 'ige du début de la rotation.

Hypothoses sur Porigine de la réaimantation

La réaimantation st vraisemblablement.
un phénomeéne consécutif au réchauffement géndral de
la couverture sédimentaire des monts Padurea Cradu-
lui, postérieurernent a la teclogenese mtra-turonienne.
Trois hypothéses peuvent ctre proposées pour expli-
quer un tel réchaullement.

Reptésentation dans Uhémisphire inférieur de

ig. 8
la projection des portions de petils cereles (en traits
gras) Joignant les divections caractéristiques corrigées
ot non corrigées de chagque site {roneds noirs), [éloile
inclique la direction moyenne d’intersection de taus ces
petits cercles, caleulée sans Lenir comple des sites BS
et VI (en painlillés),
tion movenne duccliump magnéique de PRurope stable

L carré vide indique la diree-

rapportée au site, ala limite Crétacé-Tertiaire.
La premiere hypothese est tectonmque. Blle sup-

pose un réchauffement modéré e la converture
sédimentaire de Punité de Bihor, durant un faps de
Letps important, & lsuite de son enfoulssement. sons
le systome des nappes de Codro-Ariesent. Cette hy-

pothese se heurte d deux inconnues. O ignore toul,

~d’abord st les nappes, dont le front est actuellement

an sid des monts Padurea Crasulul, ont effectivenment
recouvert la totahitd de eette région. On ignore ensuite
si la pile dhunitds chariée sur Ponite de Bihor avait
ane épssenr sullisante (yuelgques ki) ponr permettre
Venfomssement sonhaite. e plus, cos nappes ont snbhi
durant leur mise en place, entie le Turonten moven et
fa base du Sénonien, une drosion intense. La forma-
tion post-tectonigne de Gosau qui débute an Conta-
cien recouvre on effet corlaines parties des nappes de
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Codru ainsi que les diflérents termes de la couverture
sédimentaire des monts Padurea Craiulut.

La scconde hypothese fait interveniv Pélévation du
gradieni géothermique consérutive a 'aceélération de
la.distention dans le bassin pannouien et & la formation
d’un diapivr mantellique au coeur de celui-ci (Stegena et
al., 1975; Adam el al.,, 1977). Le véchauflement daus ce
cas serait d’age néogéne done largement postlérieur aux
derniéres déformations qui datent de la in du Sénonien
ou du début du Paléocene. De plus, les monts Apuseni
sont situds seulement en bordure de aire de distention,
done loin de la source de clhaleur.

La troisieme hypothése, qui est de loin la plus satis-

faisante, [ait intervenir un céchaufTement général de la

région des monts Apuseni lors de la mise en place des
intrusions banatitigues durant la {in du Sénonien et
le début du Paléocene. Ces banatites allleurent large-
ment & la périphdrie de la zone déchantillonnage. dans
des régions intensément allectées par Pérosion. 11 est
également tres vraisemblable que des corps intrusils
analogues existent sous la couverture sédimentaire des
monts Padurca Crainlui. La réaimantation serait dans
ce cas contemporaine de la nnse en place de ces ba-
natites. L'amphiude totale de la rotation horaire qui
lui a succédée est done denviron 60° par rapport
A la position quioccupait 'Enrope stable &
Crétacéd-Tertiarre {(Westphal el al.; 1986).

la hoate

Précisions sur dge de la rotation et
conséquences paléotectoniques

La réatmantation plus tardive du site VI par rap-
port aux aulres sites, indigue que la rotation adéhulée
avant que la réaimantation soit totalement achevée
clesl-i-dire des la lin du Sénonien ou des le débat du
Paléoctne. Celte rotation sest probablement réalisée
en phisicurs élapes successives dont les deux prinei-
pales seratent les suivantes:

- Une
Apusent seuls, a pu se produire durant les dereres

premiere Mape de o rotation des  monts
déformations laramiennes grace aux jeux'sénestres des
failles nord et sud-transylvaines, et des failles en relais
gui limitent a PEst et i FOuest les monts Apuseni.
L'expansion =W des grabens situés dans la dépression
pannonicnne {Royvden ot al., 1982 Bergerat, 1083)
a pu oaccentuer eette rotation par un déplacement
supplémentaire des monts Apuseni vers 'E-NE. Ce
déplacement n’a pas entrame de déformations impor-
tantes au niveau des Carpathes Orientales. mais a pu
exagérer la courbure de Uare carpathique an nivean de
la jonction entre les Dacides ortentales et méridionales
{Bazhenov et al., sous presse). 1 aurait été consonmme
grace au sous-charriage vers st du bloe des Apnseni
seplentrionaux sous les nappes ophialitiques des Tran-
sylvanides, obductdes vers PW-NAY,

Cerdlactes
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- Une seconde élape de rolalion a pu intervenir
au Miocéne inférieur {Burdigalien) lors de la seconde
structuration des Piénides, & la faveur du déplacement
vers le NI du bloc situé au nord de la faille nord-
transylvaine.  Elle a, nécessgirement
immplique en bloc les monts Apuseni et les Dacides
orienlales mais, contrairemnent au nodéle proposé
récemment par Balla (1986, 1987), sans enlrainer de
déformations importantes entre ces deux domaines,
Les monts Apuseni et les Dacides orientales possédent
en effet une couverture sédimentaire commune, non
déformeée, d’age eocene el miocene imférieur.

dans ce cas,

Conclusions

Les analyses  paléomagnéliques que nous avons

réalisées sur les  séries  Lriasiques,  Jurassigues ot

des monts Padurea Craiulni, ont permis

de montrer gne la converture sédimentaire de cette

region. qui est solidaire de son sncle, a certainement éé
réaimantée apres los déformations tecloniques autrichi-
ennes. Cette réaimantation s’est vraisemblablement
produite dourant la fin do Sénonien et le débul du
Yaléacene, lors de la mise en place des introsions ha-
nalitiques.
Aprés ety en partic, durant cette réannantation,
Vanite de Bihor et les monts Apuseni, cu geéneéral,
ont =ubi une rotation dans le sens horaire d'envivon
60"
SUCCORSIVES,

Celle-ei a pu ose réaliser en plusicurs éapes
notamment durant le Paléocéne et le
Miocene mférienr, grace a intervention de plusieurs
éviénements lectomiques tels que le déplacement vers
MEst des unités situdes an nord de la faille nord transyl-
vaine et lonverture -3V des grabens de la dépression
pannonienne conjuguée i la poussée vers 'Quest de la
Maésie (Arner, 1932).

[T est certain que des doundes paléomagnéliques
supplémentaives sur les intrusions banatitiques olles-
memes, accompagnées de datations radiométrigues fi-
ables, permettraient de micux détailler fe déroulement
de cette rotation, & condition que ces hbanatites n’aient
pas élé trop altérées. Clos denndes permettraient
fgalement de compléter les donrédes paléamagnétiques
incdites  de Patragen (1975) sur les monts Bilor
et Viddeasa et les quelques données jmprécises de
Romanescu (1970) sur les magmatites des Apuseni
méridionanx,  Ces donuédes serablaiont déja indiquer
des rotations dans le sens horaire, mais elles onl ét¢
souveni mal interprétées pir d'autres auteurs ou sim-
plement gnordes.

Romerceements, Cevravarl a é06 réalise dans le cadre
i Gronpement. Scientilique 'Féchys™ ) dont Pobjectil
est établisscment de cartes paléogéographiques dy
domaine 1éthysien pour la périnde s'étendant dy

Trias a Uactuel  Nous tenons particulicrement a re-
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mercier Mr. Lucien Daly, direccteur du Laboratoire
de Géomagnétisme dir Pare Saint Maur, qui a suivi le
déroulement de ce travail jusgu’a son terme el apporté
ses critiques constructives lors de la rédaction de la
partie paléomagnétique.
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THE STRUCTURE AND METAMORPHIC HISTORY OF THE GETIC
CRYSTALLINE IN THE NW AREA OF THE GODEANU AND TARCU

MOUNTAINS

Mihai CONOVICT, Cavril SABAU

Institute of Geology and Geophysics. Carausebes Str. 1, 78 344 Bucuregti 32.

Key words: Meclamorphic rocks, Precambrian. Polymetamorphism. Polyphase pro-
cesses. Tectogenesis. P-T" conditions. South Carpathians - Getic and Supragetic crys-
talline domains — Godeanu Mountains.

Abstract: In the Godeann and Tarcu Mts succesion of Gelic metamorphites two tec-
tonically placed units have been separated. Relict mineralogical parageneses pointed out
the polyevelic and palydelormational character of the crystalline schists: metamorphites
with high degree and medium degree, medinm to high pressure parageneses, partially

reaclapted in low pressure conditions. The propesed tectonic and metamorphic evolution

is perlectly compatible with the

Introduction

Filly years have just passed since the publication of

the doctoral thesis by Gherasi (1937), a paper which
contains a detailed petrographic study of the north-
ern Godeanu and Tarcu Mountains, Providing, among
other topics, a great deal of mineralogical data, it is
the anly minute study regarding the zone under discus-
sion, en which all subsequent regional and review con-
tsibulions are based (e.g. Comitetnl Geologic, 1959,
Codarcea et al., 19G8).

It was only during the survey of the Godeann sheet
of the 1:50,000 seale national geological miap that the
authors of the present paper resumed the field activ-

ity within the area, some new opinions resulting from

fhe interpretation of the available stouetural, tectonice,
petrographic and mineralogic data.

Bereia et al. (1980, 1984) consider the Getie Crys-
talline in the central and southern Godeanu massif to
belong to an aren subjected to a polycyelic metunor-
i)hism in which at least two basic lypes participated:
a medinm-pressure and a low-pressure intermediate
one. The low-pressure arca is generally restricted 1o
the eastern and south-castern parts of the Godeann
oullier.

A subdivision of the metamorphic pile was con-
ducted by Bereia (1975), by distinguishing three com-
plexes with fithostratigraphic value, which are partly
recognizable in the arca dealt with in the present pa-
per.

"plate tectonics” paltern.

Lithology

The highest crests ol the nissil are constituted by a
forimation made up mainly of mica-rich rocks. such as
sillimanite bearing tvo-tica gneisses and micaschists
containing thin line-grained amphiboelites as intercala-
tions. The above-deseribed association was separated
by us under the name of the "mica-paragneisses subfor-
mation” (MPS) and correlated with the Gy s complex
{Bercia, 1975). .

A different lithologic association of banded gneisses
and amphibolites underlies the mica-rich rocks along
the valleys cutting deep into the Boriscu erosion plat-
form (Mitului, Cirnea, Scirigoara and Hideg Valleys).
The bands are made up of hiotite-plagioclase gneisses
and biotite schists alternating with amphibolites and
amphibole gneisses.. The layers. enriched i either
dark or lencocratic minerals, exhibit variable thick-
ness, ranging [rom a few centimetres to decimetres, sel-
dom to metres. A pecoliar feature of these is the con-
stanl occurrence of two amphiboles disposed i con-
trasting fabric palterns: a finer-grained connnon horn-
blende. which coexists with diopside pyroxene and is
strongly oriented taking an important part in the rock
banding and a more randomiy grown younger ampli-
bole which parallels the axial plane of Tolds which post-
date the banding, or grows statieally in lath-shaped or
irpcgular nests and garben struetures,

As agunst the background made np by banded
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gneisses  and  amphibolites, some  lithons of pe-
culiar  constitution 1may  occur. e plagio-
clase, Dbiotite pearl gneisses,  sillimanite-nodules-

bearing biolite gueisses, cquigranular biotile gneisses
which contain  anthophylhiite,  sillimanite  or
cordierite, cale-silicate gneisses with plagioclase, cal-
cite, diopsidetphlogopited forsteritedpyrrhotite (er-
lan gneisses) or coarse-grained marbies. On the lzvorul
Gugului Brook and in the Cirnea Valley garnet amphi-
bolites appear, in which a plagioclase 4+ biotite and/or
cummingtonite reaction corona appears round the gar-

may

net.

This hthologic assemblage constitutes a continu-
ous level with a considerable thickness. It was in-
cluded in the Gy_) complex (Bercia, 1975) or n the
biotite-gneisses and banded amphibolites sublorma-
tion (BGAS) (Conoviel, Sabiau, in Conoviel et al,
1988). The above-mentioned association is remarkably
akin to the leptynitic complexes in Scandinavia (I%s-
kola, 1939; Paras, 1950; Papuneu, 1986) or Lo banded
gneisses deseribed in various other Precambrian ter-
ratns (Dietrich, 1963).
resemblance of the BGAS with a leplyno-amphibolic

It is worth noting a certain

complex which is extensive in the Getie Realin, There
is no direct correlation between these two rock units as
the latter, deseribed under the name ol the Gy complex
by Bereta (1870).

Numerous plagioclase-rich pegimatite bodies are en-
closed 1 the BGAS, some of which have consider-
able extension. “Uhese pegmatites often contain large-
sized garnet (Moraro Peak), cordierite (Micusa Pealk),
kyanite and silhimanite (Scérigoara Peak, Hideg Val-
ley} erystals. Migmatic rocks belonging to the BGAS
are usnally plagioclase-rich and include various texto-
ral types. The most widespread are Lhe nodular and
lenticular varieties with a biotite-rich paleosome and
a pegmatold neosoma. Along the footpath descending
from the Bordscu Mare swomil polymigmatic strue-
tures appear too, in which migmatie rocks helonging
to an carly generation, intensely folded and Mattened,
are cncloscd noa randomly oriented quartz-feldspar
matrix, yielding o wildimigmatite fabrie {Berthelsen,
1962).

Along the bzvornl Gugulul Brook. in the Roseol sum-
mit gone, line-grained amphibole-beariug plagioclase
gneisses willi aplitic texture evop out. These rocks con-
tain a few guartz, saussuritized oligoelase, amphiboles
and trace amonnts of biotite. This rock type indicates
it te be an old metamorphosed tonalitie hody.

In the the Borascu Mare
Dosnd the sl

usual rock tvpes appear such as gneisses and (elses

area ]}(‘t“.\'(‘f‘[l Sthn-

il Borasenhn and Branu un-

very rich i sillimanite, garnet and cordierite with
little  biotite (kinzigite),
oligoclase Leordierite Tels, bytownile-relict Py roNene-

and  plagioclase arnet-

M. CONOVICL G. SABAU

amphibole gneisses, cummingtonite-garnel-spinel ul-
trabasic rocks.  These lithons, outcropping on sev-
eral metres up Lo a few wmetres, are cnelosed i the
BGAS matrix, being surronnded by retrograde alter-
alion haloes of banded or augen gneisses, mainly of
plagioclase, biotite or plagioclase-wphibole compo-
sition.  The latter still contain garnet relics more or
less replaced by a plagioclase-biotite/cummingtonite
assemblage. Sometimes the initial outline of the gar-
net phantoms is preserved, or the plagioclase-biotite
intergrowths form fMlattened augen enclosed in a schis-
tose plagioclase-amphibole matrix.

In the ultrabasie rocks on the Bordscu summil gar-
net is also altered Lo plagioclase, while decimeter-long
magnesian amphiboles, subsequently replaced by talc,
Brucite
tine forun as a late retrograde assemblage. This rock

build up a garben structure. and serpen-
complex conlains a mineral asseimblage (cordierite, sil-
limanite, garnet) which makes evidence of a higher
metamorphic grade. 1t significantly differs frony all
the formations ol the Lotrn Series deseribed also in

other parts of the South Carpathians as regards their

hthology, cliemical and mineral composition. In our
opinion, it was Tenclaved™ in the Lotru Series lorma-
tions during the second metamorphic event (see Dbe-
low) and underwent significant mineral readjustments
and neolormation towards hydrous minerals (amphi-
boles, micas) and more sodie plagioclase as a response
to Ldling metiunorphic conditions.

Some thin blastomylonite layers cut through the
BOGAS, especially at the borders and inside the kinzig-
ites and related rocks. These blastomylonitic zones
along the Branu- Gugn erest frequently contain chlori-
toid porphyroblasts, lirst mentioned by Gherasi (1937)
(PLOIV, Fig. 5).

Along the right side of the Branu Valley, on the lower
water-course of Lthe Seurtele and Mitului Brooks, in-
tensely sheared muscovite-gneisses and sehists appear.
They belong to the Boridscu Unit (see below) and ex-
hilsit an obvious Getie allinity. The tichologic assem-
blage s very similar to the nppermost complex Gy
{Bereia, 1975) which extends aleng the main south-
erir range of the massil between the Olanu and Viaseu
Peaks (ibid.). Muscovite-rich gneisses and schists are
the prevailing hithologic terms. and relicl staunrolite,
kyimite and garnet are connnen in these rock Lypes.

Structural Outline

[n the arca under diseussion, Precambrian metamor-
Paleozoic and
Mesozoie cover extend; they are involved in Alpine

phic formations as well as an Upper

thrust tectonies.

The Godeanu Outlier of the Getie Nappe is built up
by two tectonic anits. A the botlom lies the Borfsen
Unig. which is composed of aylonitized rocks of the
Lot Series aund the Paleozoie and Mesozoic forma-

-
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tions of the Soarbele zone (Gherasi, 1938). 1t is over-
lain by the Godeanu Unit, constituted only by the Pre-
cambrian baseruent rocks.

" The Bordscu Unit is made up by the upper mica-
schists formation (UMI) of the Lotru Series, defined
by Berein (1975) as the Ga complex, and the Sturu,
Izvoru Paltinei and Soarbele Formations (Gherasi et
al., 1986).

It extends over the mylouitic zone traced by Gherasi
(1937) in the northernmost part of the Godeanu Moun-
tains and was first separated as such by Berza et al.
(1982). A detailed description is given in Gherasi et
al. (1986).

Qur investigalions in the Branu Valley - Tarcu Suimn-
mit - [hideg Valley zone resulted in the outlining of its
west- and southward prolongation.

Beyond the Branu Valley the sedimentary cover is
absent, but highly sheared muscovite-schists can be
followed between the Branu and Roscol summits, The
thrust plane appears again in the western siude of the
flideg Valiey, at the Mlcugina Glade, where the sedi-
mentary cover of the Soarbele zone ig also involved,

The Godeanu Unil (Conoviel, Sabiu in Conovict et
al., 1988) consists of a thick metamorphic pile which
extends over the remainder ol the Godeanu Outher.
The metamorphic rocks are polyeyelie and perlectly
preserve the pro-Alpine structural elements,

As a result of a chronological structural analysis,
in the North Godeanu Mountains four deformational
stages have been recognized. The carly Fyoand Fay
events are strongly transposing and have a non-coaxial
strain régime (Fig. 3). An intimate mterference pal-
tern results with flattened, tight- to isoclinal folds and
bowdins (PL I, Figs. 1, 2). These carly events
are hoth synmetamorphic and associate with distinet
schistosities. The older S, folintion 1 manifest in
bandings, compositional segregations and melagsomatic
structures. As affected by younger strain, it may often
persist as iniralolial structires or disintegrated folded
patterns in the rooi zone of major younger folds (Pl
1, Fig. I; L IT, Fig. 2).

The Syo schistosity is obvicusly connected in the
BGAS with tight folds which transpose the banding
and determine a penctrative axial-plane cleavage, visi-
ble at both macro- and microscopic scales (P, Figs.
1, 2). Intense neomineralization and even composi-
tional banding may b present. Old bandings lormed
during M; survive, bui are strongly transposed along
the limbs of the iseclinal 1y [olds,

In the MPS the incompetent pelitic rocks Tacilitate
the almost complete effacement of the ald IFy struce-
tures.

The Fy deformation results mainly i open lolds
that affect the Ss planes (P11 Fig. 3) and locally
promate occasional crenulation cleavages in the hinge

zones (Fig. 1),

On the diseriminating projection dingrams of the lin-
ear elentents oune can notice for the ') mineral lin-
cations a marked dispersion, although o faint EB-W
trend exists; the s elements (mineral ineations, mi-
crofold hinges) formn givdles; and two synnmetrie max-
ma with a NE-SW array appear lor the Iy oovent,
the clements of which tend to concentrate in the cen-
tral zone of the diagram. These results, the detailed
mapping of contrasting lithons in a well-exposed zone
backing vegelation and a perfect panoramic view up to
1,000 1t in the glacial circuses on the left side of the
Mitului Valley (Fig. 2) allowed us Lo estimate thal
the major structure 1w the NW Godeanu and Tarcu
Mountains is a large-seale disharmonic diapirie Fq an-
tiform, overturned both towards NN and S5W, as
also the superposed Iy linear elements, indieate by
their dip. This coustruction would explain away why
at higher crests the folintion is fayer-parallel and [fat-
lying, while in the deeply eroded zones bandings are
1soclinally folded and schistosity is upright. Fa folds,
with no associated penclrative cleavage, are generally
drag lolds formed at shallower structural levels,

As to the stralu-crystallization relationships, one
can state that the high grade inclusions have lost much
of their imitial structural style during the retrograde
path and iniense hydration that characterize their up-
lift. Kinzingitic rocks sometimes segregate in alternat-
ing dark andsilica + alnmina-rich layers or ophtalinitic
structures, Tht Tollowing steps of evalntion as a result
ol uplift av higher structural levels go through partial
melting (at grain boundaries and in quartz-feldspar
rieh Bands). The external mobility of ¢quartz played
an tmpartant role jn textural reorganization.

The material of initial basic composition which plays
an important part i the BGIAS, geochemically akin
to the granulitic inclusions (ricl in AL Fe, Mg, Ca),
experienced similar changes (mineral reactions which
resulted 1 textural alterations! bimelasomatic ex-
changes between Jeucocrate and melanocrate rocks, in-
cipient elting and compositional banding). The S,
schistosity is thus formed i conpection with the ald
Iy folding.

Alter a period of uplift and erosion accompanied by
thermal relaxation, another deformational event oc-
curs in different conditions (sillimanite zone) and re-
sults in a thorougl structural and paragenetic alter-
alion,

In the MPS the older structures are almost cutirely
obliterated, while in the BGAS they are refolded as
the new Fou folds and S0 schistosity Torm during this
thermo-tectonie event. From this moment on the pile
follows its retrograde path towards the surface without
deformational episodes which could have nflluenced
the rock fabric. Randomly oriented textures may oc-



Fig. | -

M. CONOVICI, . SABAU

Branu Mjc

Profile interpreting the geological steoneture of the NW Godeanu Mountains (interpretation

after a panoramic sketch of the outcrops from the g}éu'i;ﬂ civenses on the lefl side of the Nigului

Valley). Gr, kinzigiles and related rocks.

cur as a result of neomineralization, caused by thermal
exchanges between the still-hot high grade inclusions
and the hast rock. "

Later on, shear zones develop, that are recorded as
tabular bodies ol chloritoid-bearing blastomylonites.
Mineralogic and textural readjustiments focus only on
narrow lamination planes. )

Fa folds have no atcompanying mineral neoforma-
tion. The alpine events malerialize in thrust structures
and bring about intense mylonitization in the Boriscu
Unit. They generally are poorly-felt inside the rock
pile.

Metamorphisin

The polymetamerphic character ol the Getic Crys-
talline i1s nowadays a well-documented fact as both
mineralogic-petrologic (Hartopanu, 1978) and strue-
tural {Tancu, 1983) evidence claims for.

Nevertheless, the present knowledge ol the two Pre-
cambrian metamorphic eveuts is rather limited. Pre-
viously imlimated metamorphic zonalities in different
areas of the Lotru Series (Semenic Mountains - Savu,
1970; Godeanu Mountains — Bercia, 1975) account for
a Barrovian type. but unfortunately the mentioned
authors postulate u single metamorphic event. As a
result. frequent situations occur when mineral assern-
blages {ypical of ather thermobaric conditions appear
inside a given zone or "overpopulated parageneses™ de-
velop (Martepanu, 1986).

Some reliet assemblages (Hartopanu, eral conumuni-
cation) seem to indicate different baric régimes for the
two superposed Precambrian events.

In the northern Godeanu Mountains melamorphic
associations show a particular intricacy, providing a
greal deal of information regarding the metamorphic
history ol the rocls,

The overprint of the younger metamorphic event is
exceedingly strong, the main features specific {for the
study area being the scarcity of relict assemblages, the
homogeneousness of parageneses and implicitly that
of the physical conditions which prevailed during the
sccond metamorphic event, and the local appearance
of younger overprints. '

Mineral assemblages

The main petrographic types of the BGAS are
biolile gneisses possessing various lextural aspects,
banded awmphibolites and amphibole gneisses, mar-
bles aud calesilicate rocks.  The MPS contains
predeminantly  biotite-schists  and  gneisses. Lo-
cally lenticular hodies of ligh-grade rocks appear,
such as: metaultrabasites (Bordsen, Tucila), garnet-
plagioclase-fels  (Boriscu) the
Branu-Gugu crest) as well as their retrograde equiv-
alents.

kinzigites  (Boriiseu,

We shall further tackle ounly features relevant
to metamorphic  conditions. The quartz-biotite-
plagioclase assemblage is prevalent in biotite gneisses.
Frequently prismatic, fibrolitic or nodular sillinanite
K-feldspar seldom occurs (Seurtele), when
sillimanite is lacking. Cummingtonite is associated
but may lead lo graded transitions towards amphibale-
gueisses or amphibolites (Micusa Summit). Muscovite

appears,

is absent in any biolite-gneiss variety.
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I,
aned areu Mountains,

2 Nelective tectonograms ol the linear elemengs tram the zane of the NW

Cioddeanin

L. Linear cleinents belonging to the I¥p phase, 45 mueasureinents, contours 2 4-6 Yo 2, linear
cletients belonging to the 173 phase, 68 measurements, contours 3.5 12 Y% 3, linear clements
belonging to the Fa phase, 51 mensurements, contours 2-7-10 % .

Garnet often occurs as porphyroclasts and is cor-
roded by the biotite-sillimanite-quartz assemblage. It
frequently includes kyanite and/or staurolite (PL 11,
Fig. 2) besides rutile needles and laths which are more
or less altered Lo ilmenite.
(Gugu Peak) garnet contains spinel grains in apparent
inclusion relationships (PL 1V, Fig. 4).

Staurolite is generally absent in the groundmass, -

nevertheless it appears in places (Godeanu Summit,
Prislop) as relict graius, partly réplaced by biotite and
sillimanite.

Kyanite is a relict phase, preserved as inclusions 1n
garnel or plagioclase (PL Tl Fig. 1). As an ex-
ception, in the Scirigoara sunumit pegmatites, platy
kyanite crystals coexist with sillimanite; microscoplic
relationships indicate even in this case the unstable
character of the [ormer: sillimanite paramorphs, re-

In a single thin section”

placement by sillimanite or plagioclase (PL. T, Figs.
3, 4). _ _

Cordierite scldom ocenrs in the BGAS biotite-
gneisses (Morarn sutnmit, Seurtele). 1t takes part in
disequilibriunt textures that advocate for its cipient
formation on account of biotite. The most frequent
aspecls are helminthic or diablastic intergrowths with
quartz (PL LI Fig. 5). '

In two places (Micuga summil, Mlicugina Glade)
blocks of cordierite-pegmatites occur. The assemblage
consists of quartz, cordierite and plagioclase. These
pegmatites were first mentioned by Gherasi {1937}
the Micuga zone.-

Amphibolites and amphibole goeisses are conspicu-
ous chiefly in the Stina Mare and Gugu-Riul Ses zones.
They generally consist of green hornblende and plagio-
clase, to which biotite and quartz may associate. A wet
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chemical analysis performed on amphibole megacrys-
tals from’ the pegmatoid segregations on the Gugu
Peak yielded a lerroedenitic hornblende with the fol-
lowing crystallochemical formula;

I\g 10 Ndo S} (acll 5 \]0‘1 18 l("y i \l]]() 05 ICG G0 J_Jn 09
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Some amphiboliles contaiu polyerystalline nodules
of plagioclase & biotile flattened along the banding.
These nodules sometimes contain garnet relies, making
evidence of the plagioclase forming garnet breakdown
(PL 1V, Fig. 1).

Some amphibolic rocks in northern Godeanu Moun-
tains display features less common for the Getic
Crystalline.  So in the Silitruc-Rul Ses zone al-
kaline amphiboles with a greenish blue polychiroism
and strong absorption -2V=40" occur. A lithol-
ogy typical of the nortl Mountains
the cummingtonite- and/or anthophyllite-bearing am-
phibolic rocks first mentioned by Clherasi (1937).
The assemblages recorded are: cummingtonite-quartz-
biotite, cummingtonite-quartz-plagioclase,  quartz-
garnet-hiotite-cummingtonite-plagioclase, anthophyl-
Biotite, when present,

Gaotdeann are

lite-biotite-plagioclase-quartz,
is found in small amounts in cunmminglonite-hearing
rocks. Magnesian amphiboles are often randomly ari-
ented within the Sy planes. Anthoplivllite sometimes
undergoes secondary alteratiou, being replaced by tale,
biotite or cordicrite (Gherasi, 1937).

Marbles and cale-silicate rocks contain olivine,
tremalite,

diop-
side, zoisite, phlogopite besides carbonate
and quartz.
products.
Ultramafic rocks
relies, clinopyroxene. |n
Borascu sumnil
persist, garnet and sometinies abundant green spinel

Brucite and chlorite formi as alteralion

contain olivine, orthopyroxene
the wltrabasic lens near the
several disequilibrinm assemblages
are prescrved. Frequently the rock consists of a gra-
noblastic aggregate of pargasitic arnplibole sometinmes
The

random distribution, so

contalning cummingtonite and caleic plagioclase.
dilferent asscmblages have a
that the lens seems to be rather a mélange lacking in-
ternal zonality ar
rocks.

graded transitions towards the host

The Tucila ultrabasite underwent a stronger retro-
grade overprint, containing an olivine, tale, ahundant
anthophyllite and brocite assemblage,

The garnet-plagioclase lelses are almost exclusively
bimineralic, the reduced amounts of sillimanite Crys-
tals and biotite fakes being retrograde on textural
grounds. Garnel is characteristic of high-grade rocks,
having the Iegq cMganCag My composition, and plagio-
clase is, afler a brief optical inspection, andesine.

Kinzigites cropping out a fow tens of metres NIO of
the Borisen Mare sumimit consist of ea 30 % garnet., 40
% cordierite, quartz, plagioclase, sillimanite. ilmenite

M. CONOVICL . SABAL

and magnetite. Cordierite concentrates in layers or
forms a thick polygonal breakdown rim around obvi-
ously corroded and flattencd garnet (PL TV, Iig. 3).
Seldom in the cordierite mass form Liny poikiloblas-
tie laths of staurolite which generally abut upon ore
grains.

Besides typical kinzigites, in the Borasen-Gugu-
Brauu area biotite gneisses containing abundant sillj-
manite occur, which include cordierite-rimmed garnet
porphyroclasts. These rocks, by the spatial associa-
tion and the mineralogy of relict asseblages, are in
lact high-grade rocks strongly overprinted by medium
gracde conditions.

Melomorphic conditions

The mineral assemblages in the study area indi-
calte two groups ol thermobarie conditions: medinm-
the the as against
high-grade ones kinzigites, ultrabasites and probably

grade ones for bulk of rocks
garnet-plagioclase fels

Tl tur,
relict higher-pressure assemblages overprinted by the

medimn-grade rocks, m their contain
biotite-sillimanite paragencses.
On hand, superposed  local low-

pressure efleets are discernible,

the other sONe

as cordierite or even
andalusite growth indicates.

This respectively of
higher-, medinm-, and low-pressure are evident (rom
the textural relationships of the eritical assernblages.

succession ol {hree  events,

‘The most recent medinm grade event Lias a statie char-
acter and superposes upon already existing struetural
We will use further on the My, M., M.y no-
talions respectively

elements,
for the three events,

Hines for an older higher-pressure event are recorded
i all the rock types. So, the blue amphiboles in am-
phibolic rocks in the Salitrue area provide qualitative
information of a previous higher pressure. Also the rel-
formed
i amphibolites on account of garnet state a pressure
drop between the garnet-toriaing My and the Ma event
during which the present schistosity appeared.

In the pelitiec rocks, staurolite, kyanite, quartz and

atively frequent plagioclase 4 biotite nodules

rutile inclusions within garnet make evidence of the
stable coexistence of garuet and rutile in a quarlz-
The equilibrium in-
piving these phases was experimentally investigated
{Bollen et al., 1983):

I"(‘;;J\I'_:f‘:i;;O;"q + 3 Th0y — 3 Iy

3510,

The conditions that characterize the I’ paragen-
esis are plotted in Pigure 3. using the curve of the
above-mentioned reaction and the stability of stauro-
lited-quartz within the kyanile area.

stanrolite milieu (paragenesis 1),

”l‘i();« + '\IJHlOS s

ln our case the

equilibrivm will be shifted 1o lower |:|'£-‘-<*;|:1'vs on ac-
count ol solid solutions in garnet; we prefer, however,
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A, My evene: B My event; OO AL events 12, My eventy B high-grade rocks. Metimaorphic reactions

figured: 1, Alm+1tu—Hm+K,+Q (Bohlen ¢

toal, 1983); 4, Cul4l, —=St+Alm (Rav & Johannes,

1979); 3, S1+Q— Gt As (Rav & Johannes, 1979); 4, stability ficlds of the ALSIOy polymorphs
Holland & Powell, 1835): 5. St—Bi4+Gu4+5il (Thompsan, 19761 6. Mu+Q — RKsp+As+W (Holland
& Powell, 1985): 7, e lo—aAnt (Holland & Powell, 1985); 8, granitic solidus (Luth et al., 19644):
9, St+Ms+Q— As+Bi (Rav & Johanues, 1979 10, Bi+Sill4+Q—Cd+4 Ksp (Holdaway & Lee, 1977);
11, Bit As—Ng-Cd4Ms (Schreyer & Seifert, 1969); 12, St4Q —Ced (Rav & Jobannes, 1979); 13,
Py+Sill+Q+W=Nlg-Cd (Newton & Wood, 1979); T4, AlmSill4+Q+ W —Fe-Cd (Newton & Woad,
1979); 15, Pysg+8ill+Q+W—=Cd (Newton & Wood, 1979); 16, Bit As— Cd+Gr+Rsp {Holdaway &
Lee, 1977).

the curve corresponding to pure almandine as, becanse
ilmenite is present only as a post My phase, the equa-
tion provides minitnum pressure estimates. The con-
ditions resulting for My are 550°C < T < 650°C, P >
0.7 kbar, which correspond to depths m excess of 35
kim.

Pegmaltites formed during this event preserve kyan-
e relics. replaced by various minerals or partly in-
verted o sillimanite.

The Pu parageneses formued during the My event
accomplished i different rocks, some of which have
peculiar chemistry.  Biotite-gneisses do not eontain
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muscovite or K-feldspar as excess phases. Muscovite
is absent in the BGAS; however, the sillimanite-
K-leldspar pair is not stable.  This fact is
countable only il biotite-gueisses formed around the
muscovile-quartz assemblage invariant melting point
at 714°C and 6§ Kbar {Chalterjee, Johanner, 19741).
The absence of staurclite and of the sillimanite-K-
feldspar pair in these rocks as well as the occur-
rence of the biotitessillimanitetquartz rather than
the cordierite4K-feldspar assemblage offer further ar-
guments in Lhis respect (Tig. 3d).

ac-

Some nicaschists (Prislop, Tucila-Godeanu) con-

tain  staurolite and muscovite besides  sillimanite;
for these the luniting conditions are the gran-

ite solidus (migmatization) and the curves stauro-
litemuseovite4+ quartz—sillimanite-+biotite, staurol-
ite—Dbiotite+garnet+sillimanite. The ultrabasic body
of Tucila contains the taledolivine+anthophyllite as-
semblage as the Ms overprint, yielding a temper-
ature of 680°C specific to the almost isothermal
tale+forsterite — anthophyllite equilibrinm, well -
side the G45-700"C temperature range intimated for
the host rocks.

Pressure could take a stand between 4.7 and 7.9
Kbar, but mosi probably ranged between 4.7 and 6
Kbhar as the biotite gueisses indicate. [ is worth men-
tiouing that the cordieritedmuscovite pair is also sta-
ble under these conditions, bul only in very magnesian
rocks.

Mg-amphiboles-bearing rocks do notl provide satis-
factory thermobaric indicalions. The assemblages they
contain cannot be reduced to triangular or tetrahe-
dral compositional diagrams as the system involved is
Ka20-Nay O Ca0-AlQy-FeO-MgO-510, and no ex-
cess phases or compouenis but quartz are presenl.

The absence of the staurolite+quartz
cordieritedgarnel pairs, according to the petrogenctic

and

scheme of James et al. (1978) accounts for medinm-
pressure conditions, at temperatures compatible with
our estimates,

The static My evenl does nol accomplish sigmificant
mineral readjustments; its overprint consists ol the
cordierite-quartz helminthie intergrowths forming on
acconnt of biotile (PL I, Fig. 5). The cordierite-
bearing pegmatites are the only rocks in which an
important neomineralization relaled to this event ac-
curs. Andalusite erystallization in these pegmalites
and staurolite growth in kinzigites, also affected by
My (see helow) indicate 600-650C at ca 3 Kbar for
this event, in the area limited by the following curves:
cordierite—stauralite+quartz, sillimanite— andalusite
and  staurolitet+muscovitequartz—andalusite+biat-
ite (Fig. 3¢). The minor spinel inside the garnet m
biotite gueisscs and retrograded kinzigites is probably
related to this moment.

M. CONOVICI, G. SABAU

The last event accempanied by mineral neoforma-
tion, M, is manifest in the chloritoid-bearing blasto-
mylonites (PLLV, Pig, 5). The thermobaric condi-
tions under which this event took place are not readily
seizable. However, it probably represents a compres-
sional pulse which resulted in erust thickening followed
by a slight pressure increase on abackground of uplift
and cooling of the rock pile. The temperature had to
be under 530 C, which represents the lowest temper-
ature stability limit of staurolite (Fig. 3d).

The high-grade rocks provide information regarding
rather their retrograde path than the initial metamor-
phic conditions. The disequilibrium assemblages of the
Borigeu metabasite indicate the successive crossing of
the garnet-, spinel- and plagioclase-herzolite facles and
make evidence of pressures in excess of 20-25 Kbar
in the early history of the rock that probably took
place within the mantle. Awongst the crustal rocks,
kinzigites recorded a pressure decrease within the Te-
Mg cordierite stability field (Fig. 3), made evident by
garnet alteration Lo cordierite, The cardierite absence
i the more almandine-rich garnel lels is an argument
for initial pressures (much) beyond those correspond-
ing Lo the pyropesy isopleth (some 5.5 Kbar).

The K-devoid chemical composition of kinzigites im-
pedes the use of mineral equilibria nvolving N-rich
phases (biotite, K-leldspar), which could provide bel-
ter thermobarie esthinatles.

The high-grade rocks are marginally overprinted by
the Mo event; the My and My effects are also lo-
cally preserved. The Tucila ultrabasile is mostly re-
equilibrated under the My canditions.

Metamorphic history

The metamorphic conditions recorded 1 the assem-
blages within the sludy area support the interpreta-
tion that two distinet blocks existed with initial sepa-
rale evolution, consisting on the one hand of medium
grade rocks, and on the ather hand of high-grade ones
which ariginated (rom the lower crust and the upper
mantle. The welding of the two blocks was (riggered
during the My event and followed by a common evolu-
tion (Fig. 4).

The path followed by the medium grade rocks be-
tween the My and the My events can be subject 1o
two different inferences, as no inlermediate stage was
recorded in mineral asseinhiages.

The coulrasting parageneses and structural elements
could originate in two phases of a single metamorphic
cycle, the P assembiage corresponding to crust thick-
ening and the Ps one representing the peak conditions
achieved through uplift and thermal relaxation (Fig. 4,
curve A). In this mterpretation the two phases would
be accompanied by two deformational episodes respon-
sible for the two sets of structural elements, Fy and Fs
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respectively.

The alternative interpretation is based on
suming two independent orogenic cycles, the teni
poral sequence being:  erust  thickening—the DT

paragenesis—uplilt and cooling—new compressional

as-

event—uplilt and thermal relaxation— edification of

Py—sfurther uplift and cooling (Fig. 4. eurve B). The
first three stages are rclated to an carly metamorphic
cyele (M) and the remaining ones to an My subse-
quent cycle. The problem boils down to the option:
“The Getie Crystalline: Polyphase Metamorphism or
Polymetamorphism 27 (Hartopanu, 1978),

P Kbar
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Fig, 4 - Metamorplic evolution of the rocks fram
the N Godeanu Mountains.
HGR

agenesis; My, My metamorphic event; Py, miner-

high grade rocks; P, old mineralogical par-
[~ )

alogical paragenesis helonging to the My metamor-
plic moment; Mz, metamorphic moment overlap-
ping My; Py, mineralogical paragenesis belonging
to the Ma metamorphic moment; Ma, Mz mela-
moerphic moment; M, My metamorphic moment;
hatched - surfaces, stability ficlds of the mineralog-
ical parageneses; dashed line, trajectories of retro-
grade evolution of the mineralogical parageneses;
dotted line, alternative wrajectory of evolution of
the sanie mineralogical parageneses: C, D, 15, F,
trajectories of mineralogical and paragenetic read-
justment in the final metamorphic phases,

The homogeneous distribntion of relict inclusions
within the whole mass of garnet and needle-shaped
rutile. which suggests unmixing with falling tempera-
ture, rather advocate the latter hypothesis, which we
prefer, too.

The intense strain during the Ma ceyele made up a
tectonic mélange structure by dismembering and drift-

mg away high-grade rocks nuelet as piercement cores
within the rocks ol the pile in diapiric megafolds.

The degree of wineralogic and structural readjust-
ment of the high-grade inclusions depends on the size
of the fragments. The smaller bodies are completely
overprinted and follow the C path (Fig. 4). The larger-
sized ones preserve excess lieat during uplift, rising the
host rock temiperature (path B, Fig. 4) and leading to a
conspicucus readjustment at the Py paragenesis level,
A similar rise of the geothermal gradient due to di-
apir doming of still-hot high-grade rocks was recorded
in the Cipatina Mountains (Sabitu et al., L987), where
also alow pressure halo develops round the retrograded
high-grade rocks inclusions.

These facts are in good agreement with the assess-
ment of Thompson & England (1984) that purely con-
ductive thermal relaxation cannot account for low-
pressure terrains, which require that a convective path
be involved.

A probable geolectonic setting in which mechanisms
of the afore-mentioned type operate as a sublluence
zone (Behr, 1978), on which high-grade bodies are
diapirically squeerzed upwards mto the incompetent
schists mass, as their marginal hydration creates Ju-
bricant zones which ease their ascension. In this way
the My event is not related to a new orogenic cycle,
but represents a direct consequence of the Ma cyele
progress.

The bulk of the mediunm-grade rocks were not over-
printed by the My event, but continued their evolution
along path B (Mg 4).

Councluding Remarks

The detailed analysis of the crystallization - strain
relationships in the northern part of the Godeanu Out-
Jier allowed the recognition of sowme changes in meta-
morphic grade and intensity of overprints during vari-
ous cpisodes of Precawmibrian tectogenesis. These phe-
nomena account {or a polymetamorphic and polydefor-
mational chinracter of the Getic metamorphics in the
study area and as a whole.

Unlike the crystalline sehists in platforms or shiclds
ol the Central Europe. where the high-grade rocks ex-
tend over large arcas, the Getie Crystalline represents
a "polvorogenic block™ in which the deeper portions,
recrysiallized under high-grade conditions, were dis-
membered and reworked, during a lale Precambrian
evenl, within a gieissic matrix cquilibrated in medium
arade canditions, The refated retrograde alteration s
respousible for products in which cordierite plays an
important. role. "The presence of this mineral suggests
a pressure drop counected with rapid uplilt at higher
crustal levels, as it is an alteration product of pyral-
garuet, which persisis as relics,
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Another significant reliet assemblage was found in
poikilitic garnet which cantains kyanite and rutile al-
tered to ilmenite inclusions. This assemblage indicates
pressures in excess of 9.7 Kbar and temperatures rang-
ing hefween H50-650" C.

Taking into account the local occurrence of blue am-
phiboles we can state that the metamorphic pile has
undergone amedinm- to high-pressure metamaorphisu,
overprinted by an assemblage formed at 650° Cand 5-
6 Khar.

AL variance with previous models, the BGAS rocks
could ariginate v a mixture of sedimentary, plutonic
and ophiclitic rocks subjected to the above-mentioned
conditions during a Precambrian obductive process.
The plate tectonies model provided, in our opin-
ion, a satisfactory explanation of the juxtaposition ol
rocks equilibrated at various temperature and pres-
During continental collision, erustal thinning
may appear and promote intralithospheric thrusting
m the downgoing plate.

SUres.

As a result of such move-
ments high-grade rocks of the lower crust may over-
ride calder piles and initiate an arcal temperature rise
mn complexes containing rocks wilh various thermo-
metamorphic evolutious.

The Ms My succession, responsible for the bulk of
mineral neolormation is explained in this way. Along
late blastomylonile planes a quartz-chiloritoid assen-
blage forms, as the result of a possibly Hereynian My
metamorphic event. Alpime mylonitization promoting
no extensive reerystallization is characteristic of the
Borascu Unit.

The Alpine thrust tectonics linalizes the present as-
pect of the study arca.
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M. CONOVICIL, G. SABAU - GODEANU AND TARCU MTS - GETIC METAMORIHITES

Plate 1T

Fig. 1 = Intrafolial folds belonging of the first [') gencration, Cirnea valley.
Fig. 2 — Folds belonging of the sccond I'z generation affecting the compositional layering.

Fig. 3 — Late folds belonging of the Fz generation affecting the Szo schistosity, Mitu valley.



M. CONOVICI, G. SABAU - GODEANU AND TARCU MTS - GETIC METAMORPHITES

Plate 111

[Fig. 1 - Garnet with kyanite (Ky) and staurolite (5t) inclusions corroded by the biotite+sillimaniletquartz+plagioclase assem-

blage, Gugu Pealk, N 11, 30x.
Fig. 2 = Garnet with rutile (Ru) inclusions, more or less breck-down into ilmenite. corraded by biotite and sillimanite, Mocirliu

Feak, N 1, 30x.
Fig. 3 - Kyanite veplaced by sillimanite. Sillimanite neoformed in the rock mass, Branu-Gugu Crest, N TI, 30x.

Fig. 4 - Sillimanite paramaorphosis after kyanite (Sill p). Kyanite partially replaced by sillimanite, N I, 30x.

Fig. 5 - Vermicular cordierite (Cd) neoformed upon biotile, Moraru Peak, N 11, 30x.



M. CONOVICI, G.SABAU - GODEANU AND TARCU MTS - GETIC METAMORPHITES

Plate IV

Fig. 1 - Garnet relicts {Gt) replaced by plagioclase and biotite in amphibolites, N I1, 30x.
Fig. 2 - Antophyllite (Ant) and biotite (Bi) gneiss, Cimea valley, N 11, 30x.

Fig. 3 — Carroded garnet with cordierite rim, Bordscu Peak, N I, 30x.

Fig. 4 — Garnets with cordierite rim and green spinel inclusion, Bor#scu Mare Peak, N 1II, 30x.

Fig. 5 - Chloritoid blastophyllonite (Ctd) and gamet relicts, Branu-Gugu Crest, N II, 20x.
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ASUPRA UNOR CONCEPTII DESPRE STRUCTURA PARTII DE
NORD-VEST A MUNTILOR HIGHIS

Radu DIMITRESCU
Institutul de Geologie 5i Geofizic. Str. Caransebeg 1, 78344 Bucuresti 32.

Lains.

Key words: Structural geology. Piiuseni formation. Mylonites. Metaconglomerate.
Foliation. Lineation. Protoliths. Apuseni Mountains - North Apuseni — Highis Moun-

Abstract: On cerlain ideas on the struclure of the north-western part of the Highis
Afts, [t is shown that in a recent paper, Pani and Ricman (1988) enorinously exaggerate

the role and ihe intensity of mylonitic processes and make crroneous assumptions on
the protoliths of certain types of rocks.” The Piiugeni Formation represents really a
lithostratigraphic unit and not a ” blastemylonitic shear belt”. )

Recent a apirul o luerare asupra structurii partii
de nord-vest a nmuntilor Highis (Zavand) datorata ge-
ologilor Pani si’ Riciman (1988).  Intemeiatd pe o
carbare amAnuntitd si constiincloasi, completald cu o
solidi documentare in domeniul rocilor cataclastice gi
cu o bogald interpretare, lucrarea — elaboratd dupd o
singurd campanie de teren a autorilor in fundamen-
tul cristalin al Muntilor Apuseni, nou pentru el — di o
imagine de ansamblu foarte diferitis de cea admis pini
in prezent de antecercet@itori siom acelasi timp, dupd
parerea noastra, depirtatd de realitdtile terenulul

Pentru a usura infelegerea consideratiilor ce vor
urma, vom incepe prin a pune m paralel legenda hirtil
ancxate de autorii citati si legenda hartilor geologice
anterioare.

zone de falie mezocretacice; fondul alectat de aceste
procese ar fi format, exclusiv (sau aproape exclu-
siv. 7), din roci magmatice, acide si bazice, iden-
tice cu cele allate ceva mai la sud m chiar masivul
Highisului (complexul ofiolitic gi granitoidele de Highig
g1 Birzava).

Vorn examina, in cele ce urmeazii, o serie de puncte
ce prezintd un deosehit inleres, abordate in lucrare.

l. Baza sceveniei blastowmilonice este consideratd
in text a fi reprezentald printr-un nivel de cataclazite
riolitice; pe hartd, conform legendei, se observi ci,
in zonele respective sint trecute ”granitoide deformate’
casant”. De fapl este vorba de riolitele 1gnimbritice
permiene, puternic laminate. Notiunea de granitoide

Pani, Ricman (1988) i Dimitrescu

(1962, 1967); Giusch {1979); Savn (1962, 1965)

cornecne dioritice 1 gabroice
granitoide
corneene bazaltice
" Fault-rocks™
blastomilonite cu ochi de cuarg
blastomilonite verzi
granitoide deformate casant
granitoide deformate plastic
flomte

dolerite
granitoide -
argilile g cuartite negre

metaconglomerate

gisturi verzi-metatufurl bazice
potlire cuartilere

granitoide

filite

Formulid sintetic, in conceptia aulorilor este
negalii existenia unei unititi litostratigralice, aceea
a formatiunii de Paiugeni, rocile atribuite pima
acum acesteia fiind de fapt, dupd dingil, rezultatul
unor procese dinamice, pelrecute intr-o centurd blas-
tomilonitica de forlecarc, dezvoltatd m lungul unel

se aplicd. jusi, exclusiv phutonitelor cuprinse in gama
granit-diorit cuargifer.
2. In cuprinsul seevengel analizate se afirma cd apar

“enelave” nedigerate de granitolde g de ofiolite sau,
altfel exprimat, nuclee de corpuri relicle granitice, ri-

alitice saw mafice, afectate de o foliatie miloniticd.
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In corpurile de dolerite de la § st SI de Cetatea
Siria au fost puse in evidentii, corespunzittor realititii,
mai multe zone de deformare progresivi cu strucluri
de tranzitie de la coa eruptivd la cea milonitici: -A
granulatie larga: -B, loliatie nepenetrativii; -C, foliaie
penctrativa; -D, roefl ultra-lin foliati. Ca termen fic
nal se ajunge la f(ilite cloritice. Reciproe, se adiite
faptul edi toate filitele cloritoase (£ albit, epidot) din
formatiunea de Pajuseni provin din asemenca dolerile
si ¢d nn ar provenl din tnfurl bazice, aga cum an con-
sideral antecercetitori,

21 micile corpuri de granite ("lentile de roci slab sau
ne-foliate, en structurd eruptivd”) sint considerate a
i nuclee respectate de foliatia milonitic care, in cea
mai mare parte a regiunii, le-ar fi transformat, pina la
dispartiie, in filonite.

Relatiile  dintre  corpurile  eruptive s
inconjurdtoare ale formatiunii de Piiuseni provoaci,
intr-adevar, uncle greutiti de interpretare. Vom ciuta
insd si lamurim ambiguitatile, meepmd prin a descrie

racile

mai multe exemple luate din alte regiuni.

a) Iu partea sa de nord (Rigea), granitul de Muntele
Mare este strabitut de mat mulle zone de miloniti-
zare care il transformd in roci cu aspect guaisic {de
fapt, milonite), care in trecut au fost confundate cu
gisturile eristaline (vezi harta geologicid a Romanici,
scara 1:200.000). Granitul, m multe allorimente ale
sale de la contact, tale discordant loliatia dominanta
S2 a micagisturilor seriei de Somes, pe care le §i meta-
morfozeazi la contact, Dar faliatia milonitici este con-
cordantd cu foliatia S+ a micasisturilor !

) Granitele de Albesti din masivele Tezer si Leaota
stribatl paragnaisele formatiunii de Voinesti, m hazinul
Riugorulul observindu-se frumoase fenomene de can-
tact, ideutice ca aspect cu cele ale corpurilor subvul-
canice de la Toroiaga. Marginal, granitele de Albesti
sint alectate de o foliatic milonitici; aceasta este con-
cordantd cu foliatia dominantd a paragnaiselor.

¢) Granodioritul de Retezat strithate seria de
Dragsanu. |
m aceastd seric are pozitia generald N GOYE/70UNW;
aceeagl pozitic o are o zonit de laminare milonitici
granit.

In partea vordicd a masivului, foliatia

d) Exemplele s-ar putea innlti. Vo mai da unnl
singur. In Dobrogea nordica, m unitatea de Consul,
calcarcle triasice sint afectate de un clivaj de curgere
ablic fala de stratificalie.
cum se poate observa gi pe Valea Laitel, de filoane de
riolite microgranitice sau perlitice, localizate pe asene-

Ble smt strabitute, dupa

nea plance de elivaj; clivajul insi alecteaza si riolitele!

Toate aceste exemple aparent paradoxale, ca gi
cazurile din masivul Highis se pot explica prin jocul
repetal al accloragi suprafete. J. Caron (1973) arali,
pentru o regiune a Penninicului Alpilor Dauphinezi,
cd i al treilea episod de deformare are loc "un

I DIMITRESCU

rejeu d'anciennes surfaces 5o ou meme 5,7 printe-
un mecanism de aluneciivi. Intr-adeviie, adiugim
noi, gistozitatea fiind un element structural niiscut in
bund masurd de migcare, este susceptibild a fi i ul-
terior formdrii ei o cale privilegiald pentrn aceasta
(Twegsain”, dupd Sander, 1948}, putind A rentilizats
in faze tectonice ulterioare.

In concluzie, corpurile bazice sau acide strabitind
lormatiunea de Piiugeni, au avut de la inceput di-
mensiunile reduse pe care le constaldm i astizi si
sl afectate doar marginal de o foliatie milonitici.
A presupune ¢ ele au avut o extindere initiald mult
mal mare ar [i o extrapolare nesprijinitii pe argumente
solide.

3. Autorii luerdirii au remarcal ¢ formaliunea de
Piiugeni este strabiluld, concordant si discordant, de
vine de coart. Ei afirmd ed prin budinarea acestora,
I urma unor migeitri repetate, au luad nastere ochi de
cuarf, prezentind doar aparenta unor elemente rulate,
Se poate astlel deduce ¢d aceste *blastomilonite cu achi
de cuar”, cun le denumese autorii, s-an format tot pe
scama unul fond granitic,

Procese de formnare o unor lentile {ochi) de cuar
mir-un fond granitic-blastomilonitic au loe efectiv. Ele
se pot decela, de exemplu, 1ot m partea nordicil a ma-
sivulut granitic de Muntele Mare, despre care am vor
bit mai sus. Pe valea Finciului, i zonele de milonite
granitice, se dezvolti pe alocuri lentile centimetrice
de cuart semilransparent vinat, cu terminatii ascutite.
Ar i greu s& ne pronuntim dacii ele s-an format
prin budinarea unor filonase sau daci, de la mneeput,
diferenticrea metamorfici a dat nagtere unor mici cor-
puti lenticulare.

Alta este situatia imetaconglomeratelor din formati-
unea de Phiugeni. Ci pot exista conglomerate oligo-
mictice avind galeti aproape exclusiv de cuart nu poale
nega nimeni: de la sistemul proterozaic de Witwater-
stand pini la, iull mai aproape de noi, conglomeratele
werfeniene. Matricea metaconglomeratelor formatiunii
de Paiugeni este un filit sericilos; pe Valea Finein-
luiy lentilele de cuary st dezvoltate dimpotrivit intr-
un fond gnaisic, loarte laminat, dar al cirui protolit
granitic este recognoseibil.  Nu putemn si nu lufim
m considerare gi amploarea fenomenelor.  Lentilele
de cuart, formate m milonitele granitului de Muntele
Mare, se dezvolld de citeva ori, pe grosi de ardinul
metrilor.  Asupra {ormatinnii de Paiuseni, cu extin-
dere m Tunginie de ordinul zecilor de kilometri 51 cu
grosimi de ordinul miilor de metr, uu este nevoie <3 in-
sistam. O analiza chimicd a hlastowilonitelor granitice
vada o compozitie tot granitick. Chiar autor arali,
pe baza analizelor efectuate de dingii, cid, in afara
bilantulur 2O, " transformirile mineralogice au fost
izochiinice™; ori nici analize ale matricel filitoase, nici
analize ale unor roci globale, ineluzind galetii (ochii)
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de enart, nu vor da compozitii incadrindu-se in cimpul
erupliv, i se¢ vor ncadra clar in cimpul sedimentar
detritic. Dacd protolitul ar fi fost magmalic, autorii
ar fi trebuit sid aduci dovezi de ordin chimic. C&
rocile in cauzil sint metaconglomerate rezultd nu nu-
mai din aspectul lor, ¢are n-a ngelat pe niei unul dintre
cercetftorii anteriori, dar si din relatiile de amitnunt cu
intercalatitle filitice sau blastopsamitice.  Sint aflori-
mente in care Sy, stratificatia initiald, se dislinge clar
de Sy, foliatia metamorlica; in lungul lui Sy nu se pro-
duce, oricit efort am depune, nici o desfacere, ceea ce
aralii ¢d acesle supralete nu reprezintd un all sistem
de foliatii, care sa fie niscute tot din migcare. Astiel,
sub dealul Cetatea Batrna, loliatia metamorlicid are
pozitia N 12"W/60YW ; Sy, misurat la limita intre un
bane grosier metapselitic si unul metapelitic are pozitia
N A0YW/G0YSW. Sub Cetatea Siria, foliatia S; este
N 72°W/52YSW, iar Sy este aproape orizontali. Pe
Valca Rea, §) este N 82VE/40YS: 5y este tot aproape
orizontal (inclind cu 2-3% N). Pe valea Silindagului,
foliatia S; are pozitia N 85%1/40%5; Sy are inclinarea
doar 207S.

Axele & (lineatiile de interscetic mire Sy st Sy)
apar gi mai {recvent m reginne. Desigur, mai trebuie
mentionat gi faptul cd i Bihor, m pmza de Bibaria,
am observat ¢d acolo unde fundamentul formatiuni
de Patugeni (constituit «in formatinnea de Biharia)
contine calecare dolonnciee cristaline, acestea apar si
ca galetl mometaconglomerate (Molivig).

Pe de alta parte. coreetitorii Mungilor Apuseni,
care cunosc conglomeratele werlenicne, conglomeratele
laminate ale Permianului inferior (- Carbonilerului sy-
perior) g metaconglomeratele formatiunii de Paiugent,
toale cu aceleast intercalat pelitice uneort violacee,
isi dau seama ¢ roci de tipul celor dintii constituie
protolitul celorlalle. S1 se poate pune mlrebaréa: in
ce fel de roci s-ar putea transforma nigte conglonie-
rate cuartoase, prin metamorfism dinamie, daci nu n
roci de tipul celor i discutic ? Cle caracter nu i se
potriveste oare cu cel al unor metapsefite 7

In vederea unei caracteriziri petrogralice, lector dr.
N. Anastasiu’ a binevoit a examina un numir de
sectiunt subtirl m metaconglomerate ale lormatiuni
de Paiuseni. Toate sint caracterizate drept metaru-
dite pind la metaarenite grosiere medii, avind raportul
masa fundamentald/claste cuprins intre 2/1 51 1/2 51 cu
sortare slaba pind la loarte slabd {o = 2,5-3,5). Mor-
formetria este de multe ort modificati prin presiune, de
la caractern] izometrie lu cel aplatizat. Clastele sint
formate din cuary (uneori cu zone de supracrestere) si
din fragmente litice de cuartite £ muscovil (sericit),
avind extinelil ondulatorii. Aceste litoclaste mai au
uneori conture relicte partial rotungite, partial sparte
angular. Liantul (imasa fundamentali) este forat din

Lefirnia i aducem si pe accasti cale muliumirile noastre

cuary microcristalin, din sericit g1 din oxizi-hidroxizi
de fier (care imprimi rocilor o nuantd violacee); mult
mai rar apar nicl cantitat de epidot, zoizit, calcit
sau minerale accesoris sparte. Pelicule de oxizi de fier
invelese uncort si claslele. Rocile au compozitie mo-

nomicticii pind la oligomictici g1 sint de tipul “ma-
trix supporled”.
aclazdl, cu dezvoltarea unei lolialii mecunice Sy care

Toate rocile prezinti urme de cat-

intersceteaza oblic ritnirile grosier/medin Sg. Re-
cristaliziivile In matrice sint insofite de reorientarea
mineralelor acestela, lar clastele sint ”laminate”.

In concluzie, protolitul acestor roci este un rudit-
arenit, compozitia oligomictict excluzind provenienta
granitica. Pe acest Tond, cataclaza este evidenla.

4. Virsta formatiunu de Paiugeni a fosl stabilitd de
antecercetitori prin date relativ putine, dar nicidecum
contradictorit, cum alirmd autorii. Determinérile pali-
nologice ale Adinei Visarion (1970; 1 [stocescu, 1972)
alestd forme ale Devonianulul superior gi Carbonife-
rului inferior,  Cu acestea se coreleazi perfect virsta
K/Av de 327 m.a. a unor filite (Tanovici et al,, 1969),
care in nici un caz nu poate fi “intineritd” prin pierderi
de Ar, cifra desemnind aproape exact limita Carbonifer
mlerior/Carboniler medin, Cele doud metode au dat,
deci, rezultate perfect concordante,

5. Awtorll luerfirii comentate de noi se mdoiese de
caracterul ignmimbritic al riolitelor de la Galsa (Isto-
cescw, Dintitresew, 1967) alirirund ¢d anumite trasilurl
ale lar s-ar explica prin cataclazi. Dar caracterul ig-
nimbritic al unor roci permienc a lost stahilit de noj
(Dimitreseu,; 19645 Dnnitreseu el al., 1965), ca i de
Stan (1983, 1984a, 1984h) 51 Stan el al. (1086a, 1986b)
nu minal la Galsa, e toalil aria sistemului pinzelor
de Codru, nn Banal, precum si in alte tari, ca de e-
xemplu i Slovacia (Rojkovié, 1969).

G. Ne exprimiam profunda indoialii asupra alirmatiei
ca intercalatiile de caleare cristaline din nivelul infe-
rior al formatiuni de Paiuseni, unele din ele exploatate
1 mici cariere, ar {i diferenliate metamorfice si nu ar
avea protolite sedimentare carbonatice. Sarcina probei
revine autorilor unel asemenea ipoteze si o alirmatie nu
este o dovadi.

7. Citeva consideratii petrotectonice.  Principalul
tip de orientare statisticid a cuariului in milonite este
un puternic maxim (G6-15 %) al axelor cristalogralice
(0001) orientat i directia miscirii e hangul lineatiei
a (Sander, 1948; ‘Turner, Weiss, 1963; Hobbs et al.,
[928).
Péalugend existd totdeauna un singur maxim, nu [oarte
pronuntat, msi, (3,56 %) si care niciodatd nu e
mdreptal paralel cu axa leetonici w i directia miscarii

[n recile blastodetritice ale formatiunii de

principale (L=NW-SE); orientarea sa este aproxina.
LA Dimni-
Deducem din aceste tritsatnr ale dia-

tiv mtre axele a 31 ¢ (Dimitrescu, Bleahy
Lrescu, 1967).
gramelor un caracter moderat wilonite {dinmuometa-
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morfic) al Tormatiunii, in otice caz departe de inlensi-
tatea celui postulat de autori.

8. Ci metamorfismul formatiunii de Palugent nu a
fost pur dinamic (milonitizare) §i ¢ el s-a apropiat
de conditiile faciesului gisturilor verzi a rezultat din
masuratorile geotermomelrice efectuate de Boreog pe
lentilele de cuart sinmetamorfic {Savu et al., 1967}, va-
lorile fiind in jurul a 310°, Galetii de cuart, pe de alli
parte, s-au format in conditii termodinamice diferite
(unii la cca. 3007, alii la 500%). Rexultd, cel putin
pentru unii galeli, o origine diferitd de cea a lentilelor
simelamorfice de cuarg. |

6. Nn am abordat aici problema "formatiunit de
Cladova” cafe lormeazi obiectul altor cerceliiel (Bor-
dea, Bordea): aga-zisele "corneene bazaltice” smt, in
parte roci sedimentare permiene ale lormatiunii gre-
siilor vermiculare {comunicare orali) m parte corpuri
eruplive bazice sernalate de Balintoni (1986).

Concluzii

autorilor
in mod Jjustificat, rolul proceselor milonitice (di-
namometamorfice) 1 partea de NW a masivalui
Highis,
priviti
Dar m
silatea acestor procese giose Tac interpretiinl eronate

o i % &
Lucrarca Pana, Ricman accentucaza,

formatinnea de Paiugent fiind pmé acum
nurnai in cadrul metamorfismuolul epizonal.
lucrare se exapercaza cnorm rolul gi inten-

asupra protolitelor wnor tipuri de roci.
gzardal a se vorbi, Tn aceastd regiune, de o centurd
blastomiloniticd de forfecare, atit mult cu
et definirea blastomilonitizérii incd nu este perfect
identica de la un antor la altul (Belliere, 1971; Hig-
gins, 1971). Comparaliile doar cu microfotografii din

cu mal

publicatii pot uneori duce la concluzil nejustificate,
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ASPECTE NOI PRIVIND STRUCTURA GEOLOGICA SI METALOGENIA
REGIUNII DRAGOIASA-BOLOVANIS (CARPATII ORIENTALI)

Doina FRANCU

Intreprinderea <e Prospectiuni si Exploriini Geologice " Suceava”. Str. 30 Decembrie nr. 2,

Cimpulung Moldovenese, judetul Suceava.

Key words: Metamorphic rocks. Nappes. Volcanic rocks. Sedimentary rocks. Metal-
logeny. East Carpathians - Crystalline-Mesozoic Zone — Bistrita Mountains.

Abstract: New Aspects Concerning the Geological Structure and Metallogeny of the
Dréigoinsa-Boloviinis Area (the Eastern Carpathians). Here are to be mentioned: the
existence of the infrabucovinian nappe in the south of the Dirmoxa fault, made up of
the Bretila group formations, as well as 1le extension of the subbucovinian nappe up to
the south of the area, in the Piltinisului Negrii Brogtenilor area, represented by Tulghes
gronp Formations, the Negrigoara l'ormation and Pietrosu porphyroids. In the subbu-
covinian nappe palches of Triassic sedimentary rocks were identified. The Bucovinian
nappe is made up of formations belonging to the Rebra group, to the Negrisoara Forma-
tion, Pietrosu porphyroid and the Tulghes group. In the south of the area, a subvolcanic
igneous rock generated at Lhe contacl a typically magnesian metasomatogis. At the up-
per part of the subvolcanic body cornified sedimentary rocks were intercepted. Through
drillings it was pointed out that there is a prevolcanic sedimentary basin, probably be-
Jdonging to the Miocene, made up of a crystalline basement. The Neogene igneous rocks
are represented by dacites, andesites and porphyric microdiorites. The useful mineral
substances pointed out in Lhe area are represented by tale, manganese, coal, brocite,

magnesile, hydromagnesite, litnonite and sulphides.

Introduccre

Situatid la cca. 30 km sud de oragul Vatra Dornei,
regiunea Driigoiasa-Bolovinig este limitatd la nord
de catunul Paltinis §i virful Deluganul, la est de
creasta Paltinisul Drigoiesii, crcasta Bursucaria si
virful Paltinigul de Sud, la sud de creasta La Banet,
iar la vest dé un aliniament care traverseazi. izvoarele
Secu, Bolovinis, Adincu, Cremenea sgi lomnatec,
la ecca. 2 km de confluenta lor cu piriul Neagra
Brogtenilor. In partea centralii a arealului luat in con-
siderare se afli localitatea Dragolasa.

Teritoriul pe care-l prezentfim a fost putin cercetat,
in mare fiind cuprins in cadrul unor lucréri sau cartiri
geologice ce se referii la eruptivul neogen sau la cristal-
inul Bistritei. Dintre autorii care s-au ocupat de crup-
tivul neogen, amintim pe Savul (1938), Peltz (1960,
date nepubl.), Cosma, Peltz (1962), Ridulescu et al.
(1964, date nepubl.) si Nitoi (1986). Formatiunile
cristaline au fost studiate printre altii de Stefan (1962,
date nepublicate), Riadulescu et al. (1964, dale
nepubl.), Cosma (1970), Sandulescu (1967), Bereia et

al. (1973, date nepubl.), Avramescu, Avramescu-
Francu (1975, 1976, date nepubl.), Krautner et al
(1976), Balintoni et al. (1978, 1982).

Incadrarca structurali a piartii de nord a regiunii
cercetate se afla in citeva lucriiri de sintezd, dintre
care citiim pe cele elaborate de Bercia et al. {1976),
Krautner et al. (1976), Sandulescu et al. {1981), Ba-
lintoni (1982).

Incepind din 1977, regiunca a fost cercetatd siste-
matic printe-a serie de lucritri de prospectiune g1 explo-
rare geologici (Avramescu-Francu, Francu, 1977, date
nepubl.).

Pentru’ finalizarea aceslel lucrari am
primit indrumiérile colegilor dr. ing. M. Muresan si
dr. geol. Krautner, cdrora le aduc vii mulfumiri.

Regiunea cercetati se situeazit la limita dintre doud
mari unititi structurale ale Carpagilor Orientali: zona
cristalino-mezozoicd a muniilor Bistrifel ta est g1 erup-
tivul neogen al munglor Calinnani la vest.

Arealul ocupat de prima unitale este constituit, pre-
dominant, din sgisturi cristaline gi rocl carbonatice,
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care apar{in mai multor eniitdgi litostratigralice ma-
jore, recunoscule in toati zona cristalino-mezozoicd
a Carpatilor Orientali: grupul Bretila (Proterozoic),
grupul Rebra (Proterozoic), formatiunea de Negrigoara
(Proterozoic), grupul Tulghes {Cambrian), care se allii
in relaii tectonice, apar(inind unor pinze de sariaj
prealpine. Astfel, grupul Bretila alefituieste pinza. de
Rariu, grupul Rebra, unitatea de Rodna, formatiunea
de Negrigoara, pinza de Pietrosul Bistritei, iar grupul
de Tulghes, pinza de Putna (Sandulescu et al., 1981;
Balintoni et al., 1982, date nepubl.).

[n regiunea cercetat, grupul Bretila face parte din
pinza alpind infrabucovinicd de Sarul Dornei, uni-
tatea de Rodna din pinza alpinid bucovinicd, pinzele
de Pietrosul Bistritei si de Putna se intilnesc atit in
pinza alpind subbucovinicd, ¢it g1 in cea bucovinica.
Pinzele alpine mentionate sint de virstd mezocrelacica
(Sandulescu, 1971, date nepubl.; Bercia et al., 1976;
Balintoni, 1982, date nepubl.).

In zona Bursucaria-Ciutac, in cadrul pinzel subbu-

covinice, transgresiv peste metamorfitele grupului Tul-

ghes, se dispun depozite carbonatice triasice ([Francu,
19806).

Eruptivului neogen ii apartin: dacitele de Drigoiasa,
andezitele de tip Calimani, microdiorit-porfirele din
sudul regiuni g1 piroclastitele dacitice si andezitice.

In partea nord-estica a regiunii, [ormatiunile mela-
morfice suporta transgresiv depozilele erelacice g pa-
leogene ale bazinulu sedimentar Glodu.

In partea vestici a regiunii, peste sisturile cristaline,
s-au depus transgresiv in bazinele tertiare formatiuni
sedimentare. Prin lucrarile de [ora) execulale s-a ar-
gumental ideea conform ciireia aceste formatiuni sint
mali vechi decit predusele vuleanismulul neogen, care
in general le acoperd (Francu-Avramescu, 1982, date
nepubl.). Astfel, suly depozitele eruptive, forajele an
interceptal formatiuni sedimentare terfiare sau meta-
morfitele zonel cristalino-mezozoice, fapt care arata
o scufundare compartimentului eruptiv
neogen impreund cu subasmentul sin, fati de sisturile
Aceastd cidere s-a produs de-a

tectonica a

cristaline din est.
lungul wunui important plan ruptural, numit de noi
falia Dragoiasa, care in general desparte cele doui
mari unitili structurale amintite: cristalinul muntilor
Bistrigei, de eruptivul Calimani.  Talia traverscazi
regiunea cercelatd, cu o orientare nord-sud, gi a fost
generati, probabil, anterior punerii in loc a dacitelor.
Este posibil ca insusi acest plan teclonic, Impreuni cu
cel vestic figurat pe hartd, si {i constituit caile de ac-
ces pentru primele erupiil vulcanice care, dupi Savul
(1938), au fost. dacitele de Drigoiasa.

de nu-
meroase fracturi de decrogare 51 basculare, unele rege-
nerate posibil iy faza valahé, cnm ar i falia Drdgolasa.
Un alt plan ruptural nmportant este falia Dirmoxa-

Zona cristalino-mezozoich a fost afectatd

D. FRANCU

Paltiniy din [aza ]JOSLi)LLL‘fJX%S[ﬂ&LIﬁ (Balintoni et al.,

1982, date nepubl.). Miscari de decrogare au existat

si dupd punerea in loc a vulcanitelor neogene (pl.).
La alciituirea geologicd a regiunii, un rol impor-

tant l-au avut si corpurile subvulcanice evidentiate de

noi in zona Dragoiasa (ex.: putul 26a, fig. 2) si in
zona Bolovinig (forajele Ge si Te). Acesta din urmd se
inscrie pe aliniamnentul vest-est Colibita- Dornisoara-
Dumitrelu, al activitigii subvulcanice. Ele prezinti -
macroscopic gi mineralogic — o aseminare evidentd cu
andezitele cu biotit si cuart, tip Pietricelu.

A. Zona cristalino-mezozoica

Dupi cum am prezental, In cadrul zounel cristalino-
mezozoice, n regiune apar trei unitifl tectonice alpine
cu rang de pinze, a ciror succesiune de jos in sus
este urmitoarea: inlrabucovinic, subbucovinica si bu-
COVINIcA.

:
Pinza tnfrabucovinicd

Pe harta Sarul Dornei (Balintoni et al., 1982, date
nepubl.), unititile infrabucovinice se opresc nspre sud
in falia Dirmoxa. Cercelirile noastre au aratat ci
pinza de Sarul Dornei se continud st la sud de ciitunul

Paltinig, pind la nord de Pl lun Mihai,

In cadrul acestei pinze infrabucovinice, am distins
formatiunile mezometamorlice ale prupului Bretila,
constituite din micagisturl si paragnaise, frecvent
retromorfe, datoritid sariajului grupulul Rebra, situat
deasupra. Rocile retromorfe se caracterizeazd prin
lamindr freevente, prin cloritizdri ale granatilor si ale
biotitului, precum si prin sericitizarea feldspatilor.

Pinza subbucovinicd

In regiune, la alcituirea pingel subbucovinice, par-
ticipd formatiunile grupului Negrisoara gi porfiroidele
de Pietrosu (din pinza prealpind de Pictrosul Bistritei).
De ascinenea, acestel pinze 11 mai revin gi sisturile
grupului Tulgheg din pinza prealpind de Putna, Am-

bele entitagl apar numal in zouna piriului Ciutac
(Francu, 1982, 1986).

In zona Bursuedra, {ransgresiv peste grupul Tul-
gheg, din pinza de Putna se dispun pe alocuri de-
pozite triasice, alcituite din caleare grezoase, pe care
le atribuim, la fel, pmzel subbucovinice.

In jumitatea septentrionald o regiunil cercetate,
formatiuni ale grupulul Tulghes din pinza subbu-
covinicil coustitule cileva prezenie izolate. la est de
falia Drigolasa. apirmd de sub curgerile de lava da-
toritd eroziunii si/sau efectului unor holtiri, ca urmare
a unel activitigl subvuleanice.  Aceste {ormatiuni au
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Fig. 2

1, dacite; 2, corpuri subvulcanice dacitice; 3, marne;

Coloane stratigralice prin foraje gi puiul 26a.

4, gresii argiloase; 5, marne grevoase; 6, cirbuni; 7, roci

cornificate; 8, fmnmgmm ale grupului Tulghes; 9, micagisturi ale grupului Rebra; 10, 1lc are dolomitice de

Rebra.



48

fost ntilnite gi in cileva foraje de cercetare (10, 10b,
11b, fig. 1 si 2) executale in preajma localitiitii
Dragoiasa.

In jumitatea meridionali a regiunii, in versan-
tul drept al piriului Neagra Brogtenilor (la sud de

confluenta cu piriul Tomnatec) unitatea subbucovinicd

apare ca o f{igie, limitata la vest de falia Drigoiasa si la
est de planul de gariaj al unitatii Rodna din pinza bu-
covinicd. La sud este intrerupld de corpul de roci an-
dezitice si microdiorit-porfirice din Paltinignl de Sud.
Notim cdin lucrdrile anterioare (Balintoni et al., 1982,
date nepubl.), pinza subbucovinici era figuratd numai
pind la nord de citunul Paltinis.

In cea mai mare parte, pmza subbucovinici este
alcatuila din metamorfitele grupului 'Milghes si anume:
gislurl sericito-cloritoase cuartoase, cuarlile negre
4+ mangan, cuartite carbonatice, gisturi carbonatice
cuartoase, metatufite acide, roci verzi, cuartite albe.
Subordonat se intiluese 51 roci ale formatiunii de Ne-
grigsoara, alcatuite din gisturi biotitice cu magnetit, cu
nivele subtiri de dolomite calcaroase, precum si por-
firoide de Pietrosu.

In zona Bolovinig (la vest de falia D rdgoiasa), fora-
jele Ge gi Tc au interceptal, sub rocile carbonatice ale
grupului Rebra din pinza bucovinica, roci sedimentare
reprezentate prin roci carbonatice g marne rogcate
cornificate, la contactul cu un corp subvuleanic, pro-
babil de naturd dacitici. In cazul m care aceste
rocl sedimentare (care nu seamfnd petrografic cu cele
tertiare prevulcanice) apartin unei succesiuni mezo-
zoice, atunci mtre grupul Rebra, situat deasupra, si
rocile sedimentare mentionate se afla un plan de sariaj.
In aceasti situalle, succesiunea pe care o alribuim,
prezumtiv, mezozoiculul poate apartine pinzei subbu-
covinice,

La izvoarele pinului Racila, formatiuni aparlimnd
grupului Tulgheg din pinza subbucovinicd (sisturi mi-
cacee cuarfoase, cuar(ite negre, cuartite carbonatice)
apar inir-o fereastrd tectonici, de sub formatiunile
grupului Rebra.

Pinza bucovinicd

Aceastd unitale tectonicd ocupd un areal impor-
tant in partea de est a regiunii.
participd: grupul Rebra (din unitatea prealpini de
Rodna), lormatiunea de Negrigoara i porfiroidele de
Pietrosu (ambele din pinza prealpind de Pietrosul
Bistritel} si gropul Tulghes {din piluza prealpinid de
Putna).

Pinza bucovinicd este delimitatii la vest de pinga in-
frabucovinicd gi de falia Drigoiasa, care o desparte
de dacitul tertiar de Driigoiasa. fnspro nord-est este

[.a alcatulrea el

aroperitd de formatinon sedimentare cretacice si pale-
ogene ale bazinului Gladu.

. D. FRANCU

In cadrul pinzel bucovinice, grupul Rebra prezinta
extinderca cea mai mare. Este reprezentat, predo-
minant, prin calcare si dolomite si, subordonat, prin
micagisturi, paragnaise st amiibolite cu magnetit, care
apartin lormatgiunii Bhs.

in zona de dezvoltare a eruptivului neogen, deci
la vest de falia Drigoiasa, atit la suprafatd (sec-
torul Bolovinig), cit si In forajele 3¢, G, 7c si 14b
(zona Boloving-Sec) apar formatiuni ale grapului Re-
bra {roci carbonatice gi micagisturi, in parte trans-
formate metasomatic la contact cu un carp subvul-
canic). Rocile carbonatice din sectorul Bolovinis-vest
st traversate de un (ilon de roci puternic siliciliate,
brecifiate si hemalitizale, pus in loc pe un plan rup-
tural. In coperigul lui se intilnese, local, concentratii
de talc.

In partea centrali a regiunii, la vest de falia
Dragoiasa, fundamentul eristalin se afla la o adincime
mai mare de 300 m, situatie demonstrati de lorajul 41
de pe piral Fundoi, care pmi la adineimea linalf de
360 m a striabatut doar roci dacitice, in parte transfor-
mate hidrotermal.

Formatiunca de Negrigsoara gi porfiroidul de Pie-
trosu, din pmza alpind bucovinica, constituie petece de
gsariaj izolate, la vest de creasta Piltinisul Drigoiesii,
dispuse peste grupul Rebra. Grupul Negrisoara esle
repregentat prin sisturi biotitice cu magnelit, cu nivele
subtiri de dolomite calcaroase. Porfiroidele de Pletrosu
sint adesea laminate i retromorfozaie (biotitul este
cloritizat, 1ar feldspatii sericitizati) datoriti sariajelor
carc limiteazi, la partea inferioard i superioard, pinza
prealpind de Pietrosul Bistritel,

Grupul Tulghes, sarial peste unitatea prealping de
Rodna gl peste pinza prealpind de Pietrosul Bistritei,
este alcdtuit din gisturi sericito-cloritoase cuartoase,
cuartite negre, metatuluri si metatulite acide si bazice.
Un petec foarte mie din grupul Tulghes - ale&Luit din
cuartile negre partial transformate hidroterinal — a fost
intilnit §1 in zona Bolovianis-vest.

se

B. Zona eruptivului neogen

Zona cruptivului neogen cuprinde o gamd largd de
roci vuleanice, care pot [ repartizate atit la comparti-
mentul inferior, it si la cel superior.

Din punctul de vedere al punerii in loc, se remarch
urmitoarea succesiune de tipuri petrografice: dacite
de Drigoiasa, andezite piroxenice cu amfiboli, piro-
clastite andezilice, andezite de tip bazaltoid, mnicrodi-
orite porlirice cu variatii marginale pini la andezite
microcristaline.

Compartimeniunl inferior

Pritnele g1 cele mai estice eruptii din lantul vulcanic
Céalimani av meeput cu dacitul de Dragoiasa (Savul,
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1938). Dintre formatiunile care au succedat in timp au
fost andezitele de tip bazaltoid, atribuite de Ridulescu
acestul compartiment, gi andezitele cu piroxeni si am-
fiboli.

Dacitele! sub formd de curgeri, intruziuni, brecii
g1 tufurt au o dezvoltare liniard la vest de falia
Drigoiasa. In cadrul lor se remarci frecvente trans-
forméri hidrotermale, care au aleciat in special mi-

neralele melanocrate si feldspatii. in final ajungindu-se:

la roci, uneori puternit siliciliate, argilizate, limoni-
tizate, cpidotizate, carbonatate, i care rareori se
mai pot observa structurile relicte ale rocii inigiale,
prezenia biotitului sau a fekdspatilor.

Andezitele cu piroxeni gi amliboli formeazh curgeri
de lave in versantul estic al muntilor Calimani. Aceste
roci se afld in contact tectonic cu dacitele printr-un
important plan ruptaral {pl.), care cohoard comparti-
mentul vestic cu citeva sute de metrl. Aceastd relatie
tectonicd dintre cele doud tipurl de roci a fost clar
evidentintd cu forajele 1b g1 10b,

Andezitele cu piroxeni gi amfliboli st stribitute de
andezite bazalloide {piriul Tommalec), 1w care se ob-
servid separalii columnare,

Compartimentul superior

Atit microdioritele porflirice, it gl succesiunea
intinitd i forajul 10b (fig. 1), la sud de vicful De-
luganul {andezite tip bazaltoid, claustolave andezitice,
andezite piroxenice cu amlfiloli, andezite piroxenice,
silicite, piroclastite andezitice silicifliate cu concentratii

de fier hematitic tip Pietricelu, andezite piroxenice’

cu hornblenda. Unele Llipuri petrografice neputind fi
reprezentate la scara hirtii, le atribuin compartimen-
tului superior, pe baza aseminirii cu succesiunea din
caldera Calimani.

Mai includem in acest cormpartiment si rocile piro-
clastice, reprezentate, 1 principal,
aglomerate andezitice, cu rdspindire pe piriul Tom-
natec i, izolat, in zona de conlluen(i a prewalai Tom-
natec cu prriul Neagra Brogtenilor. Mentiondm, de
asemenea, hombe vuleanice 11 zonele Bolovanis-vest gi
Sec—Tarnifa,

Microdioritele porfirice, microeristaline, cu texturd
fluidald, constituie simburele unui impaortant. corp vul-
canic, la sud de Piltinigul de Sud. Spre nord aceste
roci imbracd forme filoniene, dispuse intre dacitele
de Dragoiasa si rocile carbonatice de Rebra, fard
a se ohserva lenomene deosebite de transformare la
Microdioritele porfirice sint transformate
hidrotermal s contin [recvente cuiburi de tridimit

care sinl

contact.

lamelar, acoperite de patine de oxizi de fier. Marginal,
trec la andezite, in care rar se observa prezenta pirox-
enilor.

L Aparitii izolate de dacite gi tufurd dacilice au lost semnalate
la Dirmoxa si virful Caliminel (Avramesca, 1976, date nepulbil.).

prin-

Aceluiagi tip petrografic ii atribuim si rocile puse
in loc pe plancle falilor consernnate pe harti, la sud
de virful Deluganul, in piriul Drigoiasa (la contactul
dintre dacite si rocile eristaline} §i in versantul drept
al piviulul Tomnatec, la cca. 1 km amonte de varsare.

C. Formatiuni sedimentare

o b 7 . 5 7

Formatiunile sedimentare din regiune au {ost
atribuite maj mmltor cicluri de sedimentare, dupi eum
urmeaza;

Formafiuni cretucice §i palecgene

Aceste formatiuni apartin bazinului Glodu (Muti-
hac, 1959) g1 afloreazd in partea de nordoest a regiunii
cercetate, cuprinzind o micl parte din flancul vestic al
sinclinalului.

Formafruny scdonentare prevulcanice neogene

Formatiunile sedimentare prevuleanice s-au format
pe rama esticd a eruptivulul neogen, la vest de falia
Driagoiasa (Francu, 1982, 1986) i s-au depus in cadrul
unor bazine intramentane inaintea primelor produse
vuleanice din regiune. Fundamenlul acestor bazine
este alcdtuit din roci eristaline apartinind grupului Re-
bra sau grupului Tulghes si au fost inlerceptate cu fora-

jele 126, 13b, Ta, 8a, 9a, 10a, 11a.

Nu este exelus ca acesle bazine si fi comunicat intre
ele. Sedimentele lor au fost acoperite de curgeri de lave

dacitice gt strabitute de corpuri subvulcanice dacitice.

In partea de nord a regiunii. la vest de Paltinigul
Drigoiesii, depozitele sedimentare sint limitate de
doud plane de falii, reprezentind un compartiment ridi-
cat. Nu ar fi exclus ca acest bazin sedimentar si
fi fost legat genctic de cel de la Coverca de virsta
paleogend (Teodoru, 1965, Zah et al., 1970; date
nepubl.}. Formatiunile sedimentare au fost traversate
pe o grosime de 270 m cu forajul Lb, care a inter-
ceptat dacite, misipurl, marne cenugll, presi, marne
carbunoase si cileva nivele milimetrice de carbuni {pl.,
fig. 1).

Intre catunul Piltinig si Driigoiasa, au maj fost in-
terceptate formatiuni sedimentare cu lorajele 7a, 8a,
[1a, 8b, 9b, 12b si cu alte luerari de suprafala.

Forajul 15a (cu reluare la o distantd de cca. 15 m
est, fig. 1), localizat in curba drumului ce coboari din
Paltinig spre Dragolasa, a interceptat, sub o apofizi a
unui corp subvulcanie dacitic, marne pe intervalele de
adincime 28 37 m 51 93-147 m. Dup& metrul 147, fora-

Jul a strapuns roci crisialine din fundament. Acelasi

foraj, reluat, a mtlnt aceleasl roci sedimentare pe
intervalul 105- 114 m. Spre sud-vest depozitele sedi-
mentare au fost traversate de forajul 8b, pe intervalul
de Ia 336 la 352 m, fird a iesi din ele.
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Aceleasi depozite sedimentare afloreazd la 250 m est
de farajul 8b, extinzindu-se spre sud cca. 1 km. lvirea
la suprafatil este electul boltirii lor de un corp subvul-
canic dacitic, situatie demonstrati cu putub 26 (fig.
2), care sub marnele coapte de la suprafatd a intercep-
tat (dupi citiva metri) dacite proaspele.

In acclagi conlext de idei, precizim ci la sud de
zona de allorare, rocile sedimentare au fost intercep-
tate cu forajul 9b (amplasat pe interfluviul piraiclor
Tomnatec-Drigoiasa) pe adincimea de la 57 la 100
m In schimb, forajele 11h si 15b, desi amplasate in

malurile piraielor aintite pind la adincimile de 105 m,

respectiy 101 m, ou au iesit din pAtura de roci dacitice
acoperitoare (fig. 2). £
Referindu-ne la acest sector din versantul drept
al pirtului Driigoiasa, considerim ¢ este posibili
existenta unui singur bazin sedimentar, incepmnd din
zona Paltinig, care se dezvolli spre vest, cu o afundare
mare a partil centrale, bollit in partea marginald de
est, de citre corpuri de dacite. Se poale dovedi, ast-
fel, prezenta unci activitiiti snbvuleanice, dezvoltate pe
nigte aliniamente estice sau centrale anel de raspindire
a dacitclor, posibil de-a lungul unor lracturi (mascate
de lave dacitice) paralele cu falia Dragoiasa (pl.).
Aceste depozite sedimentare sint reprezentale prin
marie cenusii, uncori cu carbuni, marne grezoase, gre-
sii gi local (pe viloaga din dreptul piriului Stinceni)
prin marne rogeate. :
palinologice  mndicd  pentru  aceste
formatiuni virsta meotiania (polen de plante). Apar,
de asemenea, spori remaniati din Cretacie i Paleogen
si chiar polen de Angiosperme, specifice Cretaciculul
superior-Eocenului (Lutd, 1981).  Probele recoltate
din forajele 1b gi 9b indicd o asociatic palinologica
alcatuitd din spori de Cryptogame vasculare, polen
de Gymmosperme gi microfloril maring, atribuite - de
Luti - Senonianufut inferior. Presupunem ¢ prezenia
abundentd a palinomorfelor eretacice se datoreste re-
manierilor in bazinul miocen.

Analizele

Formatiunile sedimentare din malul sting al piriulog
Dragolasa (singurcle cunoscute anterior cercetirilor
noastre) contin strate de carbuni (in cea mai mare
parte exploatali rudimentar, mtre cele doud rizhoaie
mondiale) gi sint dispuse transgresiv pe un [unda-
ment cristalin, intr-o micd cuvetd, orientati nord est-
snd vest. Situatia geologich din aceasti zonk a fost
elucidata cu forajele Ta, 8a, 2b, 3b, &b, 6b si Th.
Formatiunile sint alcatuite din marne cenusii, strate
de carbuni i gresii (fig. 2). i

La est de falia Driagoiasa, in zona eonfluentel piriului
Tomnatec cu pirml Neafra Brostenilor, am identifi-
cat prezenta unel micl cuvele sedimentare alcdtuita
din marne cenusii, ce repauzeazis pe un fundament de
roci carbonatice apartinind formatiunii Rbs (lucrari de
suprafata si forajul 1la).
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La sud de zona de [lexuri a structurii generale
a regiunii, fundamentul cristalin este mult coborit,
pitura de roci dacitice depigind 300 m grosime (fora-
jele 4b, 10a, fig. 2).

Cele mai sudice aparitii de depozite sedimentare
cu cirbuni apar in compartimentul Boloviinig-Sec
(Francu, 1982, 1980). Forajul 14b din piriul 58 a
interceptal sub rocile eruptlive, de la 146 m la 148
m adincime, depozite sedimentarc care ar putea co-
respunde marnelor cenugii cn lentile strat g1 cuibun
micl de cirbuni, deschise pe o grosime de 14 m cu
putul 2lc. In acest sector, fundamentul cristalin este
mull ridicat, fapt datorat probabil, atit intruziunilor
subvuleanice, ¢it si tectonicti digjunclive.

Formalivni scdimentare sinerone gi posiericare
pelivitafic vulcanice

Singurul nivel = [varte subtire - de marne cenusii,
clar evidenyial in cadrul curgerilor de lave dacilice,
afloreazd m versantul stmg al pielul Dragolasa,
amonte de cuveta partial exploatati.

Formatiuni sedimentare $1 vulcanogen sedimentare,
dispuse peste rocile dacitice, au [ost separate in zona
Tomnatee-Neagra (51 traversate de forajul ifa, care
a avansat 320 m printr-un centru de eruptie, si de
ganturile 53a si hda).  Acestea st alchtluite din
roci tufitogene, piroclastite {cu clemente de eruptiv
urme de plante, de Lamelibranhiate
argile si marne m care am semnalal

g1 cristalin), cu
s1 Gasteropode,
prezenta unor concretiuni de fier limonitic, de tip la-
custru.

In versantul sting al piriului Neagra Brostenilor, aval
de afluentul sfu sting, Fundoi, existd doud zone cu
turbarii in formare.

D. Aspecte metalogenctice

in regiunea cercetati am semnalat wai mulle sub-
stanle minerale utile asociate formatiunilor cristaloli-
liene, eruptive g sedimentare (Avramescu-Francu,
Francu, 1976-1988, date nepubl.).

)

Substanf{e minerale utile asociate formafiuntor
erstalofiliene

a) Tviri de sulfuri. Diseminari de blendi, galeni,
piritd 4 calecopiritd au fost identilicale intr-un nivel
de micagisturi, situat in baza principalelor acumuliri
de tale din rocile carbonatice din grupul Rebra, pe
piriul Cirligituri, amonte de Jgheabul R&u. Se pare ¢i
este o mineralizatie tip Valea Blaznei. In acest sens,
semnificaliv este faptul ci atit rocile carbonatice din
acest sector, cit gl cele din zona Bolovinig au un fond
geochimie ridicat in plumb.
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b} Acumuldri melwnorfice de tale. Concentratiile
de tale sint asociate formatiunii carbonatice (Rby) a
grupului Rebra, din pmza bucovinicd. Amintim prin-
cipalele ocurente.

Cea mal impaortanti acumulare este cea din versantii
piviului Dusoi, deschisid prin doud galerii. In extin-
‘dere spre nord si sud mentionin: ivirile din versan-
tul sting al pirfului Drigoiasa (pirial Stinceni si Jghe-
abul lul Mihai); versantul sting al pimdui Tomnatee
(aval de piriul Dusol); versantul drept al piriului Nea-
gra Brogtenilor: zona de izvoare a pirwulul Cirligdturi-
Jgheabul RAu; muntelul Bur-
sucdria. Alte ocurente au fost semnalate la Dirmoxa
(Avramescu-Francu, 1980) si in zona Bolovinis.

versantul nordic al

Asociatia mineralogicd a rocilor cu tale cuprinde:
tale, tremolit, dolomit, caleit L pirvolilit, cuarg, mi-
nerale de titan, oxizi de mangan, cuart, rar muscovil
gl sericil (Manccan, 1932).

¢) Moeraliza{il singenctice de mangan. Roci man-
ganilere asociate nivelelor de cuartite negre, rocilor
carbonatice cuartoase si sisturilor carbonatice din
formatiunea Tga a grupului Tulghes, din pmza sul-
bueovinici, au fost identificate m zona Ciutae-Récila
(Francu, 1987). Apar intr-o structurd anticlinal,
compartimentati de o serie de falii de decrogare
g1 basculare (pl.). In mare parle flancul
tic este mult coborit s acoperit de lave dacitice.
Mineralizatiile manganifere mentionale reprezint ex-
tinderea spre sud a alimamentului central Ulm-Dealul
Rusului-Sihastria (Avramescu, Avramesen, 1976, dale
nepubl.), ntrerupt tectonic - posibil g1 genctic - in
zonha Drigoiasa.

Mineralele manganifere sint reprezentate, In princi-
pal, prin oxizi gi carbonati in mare parte oxidafl su-
perficial.

Ves-

Substanie minerale uitle asociale rocilar sedimenture .

Carbuni. Acumulirile de cirbuni st asoci-
ate depozitelor sedimentare tertiare (prevulcanice),
Mentiondim pe cele din versantul sting al pitiului
Drigoiasa, reprezentale prin lignit gi cirbune brun.
[zolat, sub formi de strate subtiri sau cuiburi an mai
fost intilniti cirbuni gi (n versantul drept al piriului

Driagoiasa i m zona Bolovanig-vest.

Substanfe minerale wlile asociale vulcanisimulu
neagen

a) Acumulirt de brucit, magnezil, hudromagnezit s
tale. Aceste substante minerale utile se recunosce
zona Bolovinig (Francu, 1986) m rocile carbonatice
transformate hidrotermal, ca efect al proceselor meta-
somalice produse la contactul cu un corp subvuleanic
(forajele Ge, Te, fig. 1)

A fost descrisi urmitoarea asociatie mineralogica:
caleit,  brueil, hidromagnesit, artinit,
minerale serpentinice, antofilit, minerale argiloase
(caolonit, montmorillonit, saponit, vermiculit), sepi-
olit, tale, epidot, minerale de mangan (Determinate
de M. Casandra, [. Dinu si 'I'. Minecan, 1987; date
nepubl.).

In zona Boloviinig-vest predominid magnezitul, iar

periclaz,

brucitul apare subordonat. Talcul se concentreaza
preferential in zonele periferice, mai slab transflormate
hidrotermal sau in zonele tectonizale, de exemplu, la
sud de aliniamentul rocilor silicifiate).

b} Filoane de caleit. Apare larg cristalizat pe zone
de lracturl, in rocile carbonatice ale grupulul Rebra.
S-au intinit pe Jgheabul Rau-piriul Cirligaturi, n
apropierea unor acumuliri de tale. Filoancle de cal-
cit pot atinge 0,60 11 grosime gi extindere pe o directie
de cca. 100 m.

c) Mineralizalii de sulfur: si alle minerale uwlile.
Acestea apar sub forma de impregnatii si cuiburi in mai
mmnlte tipuri de roci. Mineralizatii de sulfuri polimeta-
lice se cunose 1 sectorul Bolovinig, in zona marginald
a corpului subvuleanic (forajele Ge, 7e, fig. 1), can-
tonate 1 roci metamorfice terigen-carbonatice slab
transformate hidrotermal, Analizele chimice an indi-
cal prezenta urmitoarelor elemente: Cu pind la 0,28
Y%, Pb si Zn peste | %. Analizele spectrale indicd
prezenta: Ti, Cr, Ni, Co, Ba, Zr.

Iu zona Bolovanig-vest mineralizatiile sint asociate
unui filon de coartite hidrotermale, care traverseaza
racile cacbonatice ale grupului Rebra. Analizele spec-
trale au pus n evidenlii: B (70 ppm); V (110 ppm);
Zr (220 ppm); Ba (1500 ppm). Au, Ag.

In sectorul Sec-Tarnita apar diseminiri de sulfuri
cantonale i dacite transformate hidrotermal, pe o
goni de fracturd, la sud de care a fost pus in loc un
corp de dacite, Analizele spectrale pe probe globale
au indicat: B peste 0,3 %, T1 pind la 5000 ppm, Mn
m jur de 4500 ppm, Ba pind la 800 ppm, Cu pind la
100 ppm, Pb pid la 300 ppm, Zn pind la 900 ppm,
Ni pind la 30 ppm, Ga pind la 26 ppm, Cr pind la 90
ppm.

Substanfe munerale uiile asociale unor plane ruplurale

Mineralizalii de sulfuri. In zona Cirligdturt apare o
mineralizatic plumbo-zincifera, generatd de circulatia
unor solutii hidrotermale pe o zond de {racturd. Cuprul
are valori mici, m schunb Ph gl Zn pot depisi impreuna
2 ()f]

Depuacri de aregout. Depunert de aragonit cua- )
ternare s-au format i zonele breciliate din apropicrea
planclor de sariaj din sectoarcle Paltinisul Drigoiesii
si Bursucaria-Chutac,

Lanonil. Asoclate unor zone de [racluri de pe pinul
Stimcent, apar hrecii limounitice cu concentratii m fier
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pind la 40 %. In adincime s-a observat o crestere a
continutului in zine.

Substan{c nunerale wtile cualernare

Limonit. Concrefiuni limonitice apar in depozite la-
cuslre, rispindite pe un areal din zona de confluenti a
piriulul Tomnatee cu Neagra Brogtenilor.

Turbdrii holocene.  Amintim turbariile din sesul
aluvionar al piriului Neagra Brogtenilor, din zona de
confluentd cu piriul Tomnatee, pind in aval de piriul

Fundoil si izolat in apropierea confluentei cu Piriul

Adincul.

veare minerale

In regiunea cercetati sint tunoscule trei izvoare
minerale, plasate pe zone de [racturi: la izvoarele
piriului Calimanel (cdtunul Paltinig): la cca. 1 km
amonte de confluenta piriulul Tomnatee cu piriul Nea-
gra Broglenilor, tn malul drept, pe piriul Tarnita, la
cca. | kim amonte de conflluenta cu Piriul Sec.

Bibliogratie

Atanasiu [., Lobontiu E. (1926) Comunicare preliminard
asupra geologiet reginnit Borsce st Bilbor. D, 5. Inst.
Geol., IX, 1, p. 2-20, Bucuresti.

Bercia [., Kriutner I., Muregan M. (1976) Pre-Mesoroic
Metamorphites of the East Carpathians. An. Inst
Geal. Geofiz., L, p. 37-T0, Bucuresti.

Cosma St. (1970) Asupra unor mineralizatii de sulfuri
polimetalice din regiunea Coverca-Drigoiasa {(Crista-
linul Bistritei. [Insf. Geol. . S. Com. Stal Geol.,
LIV/4 (1966-1967), p. 51-64, Bucuresli.

— , Peltz 5. (1962) Cerceldri geologice in regiunca
Pillinig-Drigoiasa (Muntii Bistriter). D, 5. Com.
Geol,, XLVII (1959-1960}, p. 33-44, Bucuresti.

Dobretov N. L., Reverdatio V. V., Sobolev V. N., Illestov
V. V. {1977) Faciesurile metamorfismului. Edit. tehn.,
Bucuresti.

Recetved: January 27, 1959
Accepled: January 28, 1989

D. FRANCU

Francu-Avramescu . (1982) Contributii la cunoagterea
gealogiel si a acumuldrilor de tale din regiunea
Drigoiasa (Carpatii Orientali).  D. 5. Inst.  Geol.
Geofiz., LXVIL, 2 (1979-1980), p. 5-27, Bucuresl.

- {1988) Noi iviri de hidromagnesit, magnezit gi brucit
in regiunca Drigoiaza, Carpatii Orientali. Al 11t-lea
Simpozion al LP.E.G. "Ilarghita”, Gheorghieni.

- (1987a) Date geologice asupra continuititii sudice
a complexului median manganifer din grupul Tulghes,
in zona Ciutac-Ricila, regiunea Drigolasa, Carpatii
Orientali. Simpozionul LP.E.G. ”"Suceava”, Cimpu-
lung Moldovenesc. _

- (1987b) Date geologice noi asupra regiunii Drigoiasa.
Simpozionul L.P. .G, ”Suceava”, Cimpulung Moldove-
nesc.

Iliescu V., Muresan M. (1972) Asupra prezentei Cambri-
anului inferior in Carpatii Orientali — seria epimeta-
morfici de Tulghes. . 5. st Geol. Geofiz., TV1I1/4,
Bucuresti.

Krantner ., Kriutner FIL, Tindsescu A., Neacgu V.
{1976) luterpretation des ages radiometriques K/Ar
pour les roches melamorphiques régénérées. Un
exemple: les Carpathes Orientales. An. Inst. Geol
Geofiz., L, p. 167-229, Bucuresti.

(1976) O noud ipotezd privind pinzcle
bucovinice din partea sudicd a zonei cristalino-
mezozoicd a Carpalilor Orientali. £, S. Inst. Geol.
Geofiz., LXI1/5, Bucuresti.

Radulescu 1. (1969) Cristalinul Bistritei.  Stratigrafia
st structura masivului cristalin din partea de nord a
Carpatilor Orientali. St yeol., geofiz., geogr.,
Geol., 14, 1, p. 21-39, Bucuresti.

Savul M. (1938) Le cristallin de Bistrita. La région Dorna-
Brogteni. Ann. Sei. Univ. Jassy, XXIV, [, p. 1-80,
lasi.

Sindulescu M. (1967) La nappe de Highimas, une nou-
velle nappe de decollement dans les Carpathes Orien-

Geéeol. Carp.-Balk., I, p. 179-185, Bel-

Muresan M.

Core.

tales. Assoc.
grad.

-, Krautner H., Balintoni 1., Russo-Sandulescu D.,
Micu M. (1981) The Structure of the East Carpat-
hians Moldavia-Maramures Area. Carp.-Balk. Geol.

Assoc., XIT Congr., Guide to excursion B1, Bucuresti.

Presented at the scientific session of the Instilule of Geology and Geophysics:

May 5, 1989. :
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|

1 ]:| Muwiuni, colovil, deluvil cuaternare

2 Turbdni cuaternore

3 Depozite locustre cuaternars

3 Cretacic superior [Cenamenian - Turonian)
1. ZONA ERUFTIVULLI CAINDZOIC
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HARTA GEOLOGICA A ZONE! DRAGOIASA-BOLOVANIS

[I. MINERALIZATII

LEGENDA

Morne 5 grasii @ efrbuni, mincene

Microdiorite porfirice [intruziuni]

Diorite: fransformate hidratermal

Piroclostte grossere andezitice

Andezite cu piraweni & omfibeli (curgeri de lavel
Brecil pirociostice docitice

Daocite de tip Drdgolasa, o intruziuni

ZONA CRISTALINO-MEZOZOICA

A. Pinza bucovinica lalpind)

1) Pinza de Putna {prealping)

Grupul Tulghes mlglslun sericito-cloritoase =
cugrtite, @ coord

21 Pinza de Pietrosu Bistritei [preclping)
Porfirnide de Fietrose Bistritel-NP

Grupul Megrisaora (sisturi biotitice cuoribose)
o calcore: b, sisturi micaces cu magnefit

3) Unitatea de Rodna (prealpina)
Grupul Rebrr.l [eulccn i dolomitel
0, micasistun gém

Pinza subbucovinich lalping)
taleare dolomitice - [Trigsic)
1) Pinza de Putna (prealping)

Gruput de Tulghes -Tg [gisturi sericito -cloritoose 2 cuarfite]
o cuartie negre cu concenimbh smegelice mangonifere ;

b. cucrtite corbonatice

c. curtite fedspotice

d. metobozi

2|Pinza de Pietrosu Bistritel (prealping)

Parfirtide de Pietasul Blstritel TP

Grupul Megrisooro [gssturi biotitee cuarfoasel

Grupul de Rebra (coicore doomitien si cuartite jo. mecasistur
Pinza infrobucoviica de Saru Dornei falpina)

Grupul Bretila Imicasisturt retromarte |

Tronsformon hidrctermale legote en?mu caingzvic
Iulun argizén, r.ormnntorl. sll.lclll

R g Cirhgatard

Rom | Teebnics, 15

Tprim AT Ine. Geak Teal 7



Rom. J. Tect. & Reg. Geol.,

1993, 75, p. 53-66

THE NEOJURASSIC AND THE CRETACEOUS OF THE DROCEA MTS:
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Abstract: From north te south in the Drocea Mis, the following Alpine structural units
occur: &) the Highis erystalline, representing the southern margin of the Austro- Bihorean
coutinent; b) the Grosi nappe, represented by a Maastrichtian wildflysch formation and
a Maastrichtian-Paleogene llysch one; ¢) the Crig nappe, constituted at its lower part by
a succession of calcareniles, argillites and radiolarian jaspers with ophiglitic rocks inter-
calations, Callovian- Tithonian in age, and, al its upper part, by a Tithonian-Neocomian
flysch formation. This unit is the result of the evolution of a former marginal basin
sitnated between the Austro-Bihorean continent and the Cpiluasg-Techereu magmatic
arc; d) the Capilnag-Techercu nappe, which derives from the homonym magmatic atc.
The whole structural assemblage was made up during the Mesocretaccous and especially

Laramian lectogeneses and is comprised within the Transylvanian arca of the Tethys.

INTRODUCTION

The terrifory whose geological structure is discussed
in this paper is situated in the western part of the
South Apuseni Mts, from the paralle] of the Ususin vil-
lage, south of the Mures river, to the neighbourhood of
Gurahont, on the Crigul Alb river, in the north. This
territory was studied by the authors of this paper, as
follows: M. Lupu and E. Avram mapped the territory
south-west of the Grosii Noi village and the springs
of the Troas Valley, aud north-east of the above men-
tioned locality respectively; 1. Nicolae and M. Lupu
studied the voleanogene formations in connection with
the geotectonic evolution of the region: paleontological
dating of the geological formations was done by E. An-
tonescu, on Lhie basis of palynomorph analysis, by T.
Dumitricii, on the basis of radiolarians, by M. Lupu,
on the basis of microfacial study, by E. Avram, on the
hasis of the ammonoeids collected [rom Neocomian olis-
toliths, and by Denisa Lupu, on the basis of biofacial
study of the Gosau formation; finally a general inter-
pretation of all data and the elaboration of the paper
were done by M. Lupu and E. Avram.

The first detatled geological study of the sedimen-
tary and eruplive lormations of the Drocea Mts was
mwade by V. Papiu (1953). The main conclusions of
the author regarding thiese formations and their tec-
tonics are the Tollowing:

-~ the Jurassic-Neocomian age of the " diabasic” erup-
tions, which are considered to be partly synchronous
with the Neocomian {lysch;

discovery of a Hlysch series, considered to be Neo-
comian in age, with an castern, coarse conglomer-
atic lithofacies at the lower part and a pelitic-marly-
caleareous one at the upper parl, and a western exclu-
sively marly- calearcous litholacies;
the  Grosi
Barremian i age, considered to occur either in the

- discovery  of series,  Neoconian-
core ol some antiwclines under deposits attributed 1o
the Barremiau, or to represent a Barremian sequence
of calcarcous facies within the Bareemiang

- presence ol a gritty, Barremian [lysch series;

- identification of some veins considered to be ha-
natitic, which according Lo the author, never cross the
Neocretaceous formalions:

- identification of the Upper Cretaceous (Turonian-
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Senonian) in the Gosau [acies;

- identification of some Austrian overthrust faults
between the diabases and the Neocomian flysch, be-
tween the latter and the Barremian one, as well as
a Laramian overthrust between the Barremian fysch
and the Neocrelaceous deposits in Gosau facies. This
last overthrust had been already noticed by Macovei
and Atanasiu (1934).

It is to be remarked that the boundaries of the [or-
malions separated by Papiu, as well as the ruplural
dislocations mentioned above, kept their validity to a
greal extent.

The Drocea Mts ophiolites constituted the subject
of Savu’s many investigations (see the bibliography).
In one of his recent papers (198G) he shows that,
upeon an ophiolitic background which crops out along a
faulted anticline between the Saturani valley and Baia,
an Upper Jurassic-Lower Cretaceous [lysch was de-
posited. Here he distinguished two complexes. both
folded during the Austrian tectogenesis, namely: =
reddish volcano-sedimentary lower complex {Ja), con-
stituted of jaspers (radiclarites) and red interstrati-
fled argillites with limestones and tuffaccons elements,
as well as voleanic rocks of island arc type; an up-
per complex (Cry) constituted of marly deposits aller-
nating with limestones. The volecanic rocks represent.
according to the author, products of a bhimodal and
preorogenic volcanism of island are and develop syn-
chronously with the sedimentation of the lower con
plex. The bimodal character is caused by the lack
of aundesitic products and the presence of melano
cratic rocks (including Dbasalts, mctabasalts, spih-
tized rocks and oligophyres) and leucocratic rocks (o
thophyres=paleotrachytes, dacites, felsites, rhyolites
and their albitized lorms, keratophyres and quartz-
keratophyres). This volcanism with petrochemiical lea-
tures dilferent from these of the southern island are 1=
situated mn the Mures valley area, between Zam an
Furegoara and was caused, accarding to the author, by
"the subduction of the Apusent Mts microplate under
the Mures zone and by its mclting at about 400 kny
depth”.

Lupu (1975, 1976} separated in the region
the Drocea-Crig Unit, comstituted of Tithonian-

Neocomian sedimentary formations and rocks belong-
ing to the ophiolitic complex, and the Capilnay
Techereu Nappe, constituted of ophiolitic rocks; fur-
ther on, the author named the former unit Crig Nappe.

On the geological maps Savirsin and Rogia Noud,
scale 1:50.000, Lupu and Avram (in Savu et al., 1979)
distinguished the Grosi Unit, constituted of a wildily-
sch formation atiributed to the Albian and a flysch one
of Upper Senonian age.

As regards the geotectonic interpretation of this ter-
ritory, Lupu (1983, 19841) starting from the interpre-
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tation that the ophiolitic magmatites of the Cépilnas-
Techereu Nappe have been deposited under magmatic
arc conditions (Cioflici et al., 1980; Cioflicd, Nicolae,
1981) cousidered the Cris Nappe as resulting {rom the
evolution of a sedimentary domain of marginal basin
type.

Finally, the Senonian biostratigraphy in the Gosau
facies was studied by Denisa Lupu (1976) who ai-
tributed to this formation a Coniacian-Campanian age.

1. GEQLOGICAL SETTING
1.1 Alpine tectonic model of the Drocea Mts

The model of structural interpretation of the Dro-
cca Mts starts from the following paleogeographical
clements which are considered 1o have existed during
Aliedele-Upper Jorassie (Fig. 1):

Crig
marginal

Austro -bihorean
continent

Transylvamian
oceanic
plate

Capilnas -Techereu
mogmatic arc

LATE JURASSIC

South Transylvanmon
fault

MID CRETACEQUS

Baia de Aries
~pre-Gosau noppe |~
~ ~

EARLY PALEOGENE
UPPERMOST  CRETALCEOUS

= 3 MM EI-

Fig. |

basin.

Development model of the Crig nuu‘y;in.‘d

1, contineutal crustl; 2, magmatic arc; 3, oceanic crust:
4, intrusive magmaltites.

—n the north of the territory, a substratum consist-
g of continental crust belonging 1o Austro-Bihorean
microcontinent (Sandulescu, 1984), the intraTethyan
microplate. cespectively {Lupu, 1954);
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— in the center of the Drocea Mts, a sedimentary
zone which is partly pelagic, associaled here and there
with lavas and ophiolitic tulls characterizing a do-
main of ensialic marginal basin type, namely the Crig
marginal basin; this marginal basin belongs to the
Transylvanides, including here also the units belonging

to the active continental margin of the main Transyl-

vanian branch of the Tetlys; _

— to south-east, a territory with basaltic rocks, which
we consider (as well as Cioflicd et al., 1980; Cioflica,
Nicolae, 1981) as arc tholeiites, marking the base of the
succession of the Capilnag-Techereu magmaltic arc.

The beginning of the sedimentation in the Crig
marginal basin took place during the Callovian, in the
Callovian-Tithonian interval interfingering also, within
the sedimentary succession, tufls and ophiolitic lavas.
The first sedimentation is calcarcous on the nter-
nal flank, being associated with products of ophiolitic
magmatisi, then becomes flyschoid with breceia lev-
els, proving the magmatic arc participation in the sed-
imentation, while to the center of the sedimentation
basin it featured from the beginning a mainly Myschoid
character. The flyschoid sedimentation probably ends
in the Neocomian-Barremian, taking into considera-
tion the existing data on the north of the analysed
territory.

The Mesacrelaccous tectogenesis produced not only
the compression of the Crig basin, creating scales, but
also a probable pushing of the Cipilnag-Techeren mag-
matic arc to north.

There is no evidence for the pre-Senonian Upper
Cretaceous sedimentation processes in the geological
units of the studied territory. Alter the pre-Gosan tec-
togenesis, Senonian transgression takes place, aflect-
ing, according to all probabilities, a large area in the
north, in the shelf zone, where a Gosan facies can be
distinguished, while in south-east, to the center of the
basin, there occurs a wildflysch facies, then a flyschoid
one.

The Laramian tectogenesis - probably Paleocene in
age - causes the overthrust of the magmatic arc to the
north, which becomes Cipilnag-Techereu Nappe. upon
the formation of the Crig marginal basiu, of the latter
(Crig Nappe) upon the Grosi Senonian wildfysch and,
al last, of the last one, upon the Senonian in the Gosau
facies.

In the [ollowing lines, there are presented the geo-
logical data of the model already described (PL D).

1.2 The Cépilnas-Techercu Nappe

It is situated in the eastern and south-castern part
of our territory and is represented especially by a series
of arc tholelites.

Within the South Apuseni Mts, the ophiolitic
rocks have been altributed to three eveolution stages
(Cioflic, 1961; Giuscd et al.,, 1963). The products of
the first two stages are very widely spread in the latter
called Capilnag-Techereu Nappe {Lupu, 1975).

Gleotectonically, these magmatites have been re-
cently considered to be of island arc type and at-
tributed to the tholeiitic series and the chalcoalkaline
series (Ciollici, Nicolae, 1981; Cioflicd et al., 1980;
Nicolae, 1983).

A third stage of evolution (spilitic complex}, which
develops in the east of the Metalileri Mts (Feneg
Nappe) belongs, according to Lupu et al, (1978-1980)
and to the authors quoled above, to a different geotec-
tonic setting, which 1s of active marginal basin type.

The Cipilnag-Techereu Nappe tholeiitic series is
constituted, from petrographical point of view, of
mainly intersertal basalts often in pillow lava facies,
anumesites, dolerites, small gabbroie and seldom peri-
dotitic bodies. Pelrochemical features justify their in-
terpretalion as are tholeiites,

The chaleoalkaline series are constituted of por-
phyric basalts, pyroxenic andesites, pyroxenes and
hornblende andesites,dacites, rhyolites, orthophyres,
oligophyres and at last, intrusive subvolcanic or plu-
tonic Locretaceous bodies {andesites — dacites - rhy-
olites and £ microdiorites - &£ microgranodiorites. re-
spectively).
been preyviously considered as banatitic or even Neo-

Many of the last mentioned rocks have

gene in age, data of isotopic age (Borcog et al., 1980;
Lemmne et al., 1982, 1983; Savu et al., 1984) giving more
precious information concerning their belonging to an
intermediary — acid intrusive - magmatism character-
izing Lhe final stages of a magmatic are.

Based on these reeent data, the authors of this
paper join the idea that the ophiolitic rocks from
the Cipilnasg-Techereu Unit belong to a magmatic arc
type.

1.3 The Crig Nappe

The most part of the Drocea Mts component forma-
tions derives from the evolution of the Crig marginal
basin. They develop within two digitations: an inter-
nal one called Pirnesti digitation and an external one
called Musa digitation.

1.3 The Pirnesti digilelion

‘Within the Pirnesti digitation, Neojurassic and Fo-
cretaceous formations crop out along the northern
boundary of the area in which the ophiolites of the
Capilnag-Techeren Nappe are developed, from north
of the Baia village (on the Slitina valley) to north-
east, Lo the conlluence of the Saturani valley with the
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Zeldig valley, where they disappear under the Neogene
andesitic agglomerates, They are as follows:

- a volcano-sedimentary formation which contains:

a) the Pirnegti valley Member (=pro parte Soimus-
Buceava beds, Papiu, 1953);

b) the Blidar Il Member (=Sinaia beds, Papiu,
1953);

— a wildflysch formation.

1.3.4.1 The voleano-sedimenlary formation

This formation occupies, the whole outcropping fill-
ing of the Pietrele Albe syncline, which is characterized
by the development of volcanic products, partly resed-
imented, within some typically detritic deposits. In
relation with the volcanic material, two main subdi-
visions have been distinguishied within the formation,
namely: the Pirnesti Valley Member and the Blidar
Hill Member.

a) The Pirnegti Valley Member. This lithostrati-
graphical unit ereps out on the flanks of the Pietrele
Albe syncline forming at the surface two strips which
extend from east of Baia village to the conlluence of
the Saturani valley with the Zeldis valley and to north,
from the spring of Vlavu valley to Viadin valley; it
also occurs under the deposits of the Blidar Hill sub-
formation, forming buttonholes in Bucevita, Orhi and
Panugari valleys and at last, in the northern digitation,
between Bucevita and Panusart valleys, In this area,
the main components of the member are: violaceous
argillites and sandstones; violaceous and green silico-
lites (described by Papiu in 1953 as Soimusg-Bueeva
beds); tuffites, basic lavas, voleanic sands and agglom-
erates; calcareniles. Marly limestones are also rarcly
interbedded.

Violaccous argillites and sandstones constantly oc-
cur within the member on its whole outeropping area.
The violaceous argillites are siltic, striped or compact,
forming intercalations from a [ew centimelers (o abaut
one mmeter in thickness; they are often slightly silici-
fied, presenting the typical splinter splitting of silico-
lites. Tuffaccous argillites or siltites or tulls also oc-
cur subordinately. In a few places: Stricoanca valley
down-stream the confluence with Stire valley. the peak
between Péanugari valley and Orbi valley, the argillites
enrich with manganese oxydes lorming lens-like con-
centrations in which reniform and spheroidal forms of
pyrolusite and manganite prevail (Niculescu, 1984; un-
publ. report). _

The sandstones occur in compact beds up to 40 cm
thick and show graded bedding somietimes repeating
the coarse term in the middie of the Led  Often the
sandstanes also oceur as centimetric intercalations in-
side the varicgated argillites; sometimes they are very
friable. with inclusions ol vielaceous argitlites paral-
lel to the stratification. The clements are constituted
mostly of quartz, caught in calcarcous cement. The
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sandstones are more widely in the south-west of the
outcropping zone of the subformation - the spring of
Lupesti creek.

The cherts (Soimug-Buceva beds - Papiu, 1953)
form decimetric intercalations or bed packs a lew me-
ters thick, usually associated to ophiolites and placed
inside some packs of violaceous argillites.  Gener-
ally they are violaceous, compact or finely-stratified
(striped); green striped or black-green cherts also oc-
cur,

The tuflites and the tulls, grey or green coloured, oc-
cur as decimetric intercalations up to 0.5 m thick in the
whole outeropping zone of the subformation. Agglom-
erales are met along the southern outcropping zone of
the sublormation, from Lupesti valley to Vladin valley.
They are [ormed by more or less rounded [ragments of
basic (-’]'ll]‘)l.l\'(‘..[‘()('i-(!i emmbedded in a loose, blackish ce-
ment; the existence of sonie organogeneous limestone
elements of similar size as well as of blocks of hasic
rocks (in Lupesti valley) proves a mixture of reef ma-
terial during the transport.

The calcarenites are more and more frequent inside
the member from SW te NE. In the southern part
of the region (on Stricoanea valley, in the southern
llank of Pietrele Albe syncline and at the spring of the
Lupesti valley, in the northern flank) the ealcarenites
occur in the suceession of the deposits at the same Lime
with green argillites, close to the limit with the Blidar
I subformation. From the origin of the Stricoanea
alley to NI, on the northern flank, and from the east
of the Stricoanca valley to the spring of the Vladin
creek, on the southern flank, they are widely devel-
oped having besides main elements of grey limestone,
also green clements of basic eruptive rocks; calcarenites
also develop especially at the upper boundary of the
sublormation at thie passage to the Blidar Hill Mem-
ber.

The marly Hinestones occur very seldom in this sub-
formation: in fact they were fonnd only at the origin of
Muga and Stricounea valleys: they are grey-whitish in-
colour and oceur in decimetric beds, sometimes with
many ealeite diaclases.

Amoung the lithological components of the member,
there should be also mentioned basaltic lava flows and
wtercalations of tufls, the latter being more frequent in
the north-castern part of the region: on the northern
flank of the syncline - from the origin of the Leurzii
valley and Dilsese brook to NI, through Buceviia val-
ley and Orbi valley, to Panusari valley: on the southern
flank at the origin of the Troag vailey.

The age of the Pirnesti Member was established on
the basis of the radiolarian assemblages extracted from
the cherts. Thus, on the watershied hetween Panugarn
and Troag valleys, an assemblage of Clallovian radiolar-
ians was identified: Fucgrtidellum ptycium, Podobursa
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triacantha, Mirifusus dianae, Higumastra mflata, Tri-
actoma cf.  blakei, Andromeda podbiclensis, Hsuum
‘brevicoslalumn, Stichocapsa cf. convera, Wrangellium
stanleyensis, Podobursa heloetica (P11, Fig. B). On
the southern flank of the syncline, on the Iruja hill
(right of Stricoanca valley) the radiolarian assemblage
suggests an Oxfordian-Kunmeridgian age: Triacloma
blakes, Emiluvia orea, E. sedccimporata, Cinguloturris
carpalica, Mirifusus mediodilatalus, Cenosphacra sp.,
Spongocapsula palmeree, Ristole allissune (PL 11, Fig.
C). At the same time, a radiolarian assemblage of Ox-
[ordian age was identified on the northern flank of the
syncline (namely in the anticline core with ophiolites
in the axle, outcropping the middle course of the Orhbi
valley): Triacloma jonesi, Emiluwa (¢) enlbiqua, E.
orea, Archacospongoprunum imlayi, Parencella mul-
leri, Foremanelle hippoesidericus, Homoeoparanaelln
argolidensis, Tritrabs casmalinensis, Telralrabs zealis,
Angulobracchia purrisimaensis, Ristola altissima, Cin-
gulolurris carpalica, Hsuwum brevicostatum, Spongocap-
sula palmerae, Mirifusus guadalupenss, Eucyriidellum
plyctum and, further on a Knnmeridgian-"Tithonian as-
semblage represented by: Tractoma echiodes, Fore-
manelle wcramphidia, Emduvia pessagnor, Perispyrid-
wm cl.  tamanense, Podobursa spinesa (Pl 1, D),
Finally, on the northern flank of the syneline, in the
Bucevita valley a radiolarian assemblage of Tithonian
age was Identified:  Acceniofyle diaphoregong, Tre-
actoma echiodes, Fmiluvia sedecimporata ordineria,
Podocapsa amphilreptera, Parvicingula boest, Miri-
fusus dvanae (Pl I, Fig. A). It results from these
assemblages that the age of the member is Callovian-
Tithonian.

The type section ol the Pirnegli valley Member is
situated in the southern Mank of the Pictrele Albe
syncline, north of the overthrust line of the Cépilnag-
Techeren Nappe, where Lhe sublormation reaches ils
maximum thickness, presents all lithological types it
contaius (excepting marly limestones) and is obviously
limited from the overlying Blidar hill sublormation.

South of Mureg, the Pinegti valley Member reap-
pears on a simall arca between two NW-SE ariented
faults. lere, calcarenites, blackish and brown argillites
Basalts and
jaspers also occur; the latter ones contain a radiolarian
assemblage constituted oft OQbesacapsula murroncuss,

and rare sandstones could be identified.

Mirifusus dranae, Andromeda podliclensis, Spongocap-
sula palmerae, Protunwma sp., flstola sp.. Treacloma
el jJonest, Amphibrachium sp. A, Paroweelle mul-
lers, Tetralrabs zealis, Mirifusus guadalupensis, which
indicates an Oxfordian age.

by The Blidar hill Member. The succession overly-
ing the Pirnesti valley Member is constituted of fiysch
deposits, built up mainly by an alternance ol calearen-
ites, caleirudites and megabreceins with sandstones

and green clay gritty shales. Among these, especially
at the lower part of the succession, in the south-west
of the subformalion outeropping area, there also oceur
episodic intercalations of argillites and violaceous sili-
colites, sometimes associated with some basalt flows.

Near the Baia village, the calcarenites of the suc-
cession form decimetric nlercalations, seldom 0.5 m
thick, graded bedded (with normal graded bedding),
with elements of grey limestones. They pass rapidly,
al the upper part, to the clay gritty shales or form only
the lower part of some thicker sandstones, in places
even nelric ones.

Cenerally, the sandstones are grey-hlackish, centi-
metrie, seldom decimetric and very rarely of metric
thickness; m the last case, they constitute the upper
part of some beds which at the lower part are coarse
calcareniles; even the thinnest ones:have parallel or
oblique laminations, marked by muieavile agglomera-
tion, they often feature hierogliphs at the lower part.

Argillaceous-gritly shales are groy-green, satinated
or grey blackish-grey and form often the prevailiug
clement of some thicker bed packs in which the clay
component of cach rhytlnn has a 20-25 cm thickness,
in this case, the coarse element being coustiluted es-
pecially of centimetrie smuidstones,

The presence of drag lolds on certain sections (Secas
valley, Valea Mave ete.) and ol white calcite diaclases
wake them sinilar to the Sinala formation of the Fast
Carpathian flysch.

Starting from the Lupesti valley to NE, within the
member, there develop breecias of 1-4 m thickness,
with elements of grey calcite of -3 cm, basic erup-
tive rocks of dark green colour and violaceous silicolites
ete. These breccias become very [requent. on the Stri-
coanea valley and 'Lroag valley and excessively develop
castwards between Pictrele Albe and Zeldis valley-
Saturani valley, where they contain big limestone
blocks (massive and stratified, organogenous calcaren-
ites with Dlack cherts, bedded limestones, micritic
bituminous grey-biackish hmestones, white sparites),
packs of violaccous radiclarian cherts {Panugari val-
ley) or grey-striped radiolarian cherts (Siturani val-
ley), basic voleanic agglomerates (an oligophyre block
in breccias was also found on the V]adin valley), ophio-
lites {in Pietrele Albe), embedded blocks of violaceous
clays (ou the lefl slope of the Saturani valley) whose
abundance in the megabreceias can sometimes lead to
confusions concerning the background deposit of the
SUCCOSSION,

The most mstructive sections in these megabrec-
cias are to be found ai the origin of the Viadin and
Panusari valleys, on the Siturani valley with its tribu-
taries and on the Zeldig valley close to the conlluence
with the Saturani valley: on the last one, at about
200 m upstream the confluence with the Zeldis valley,
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and on this valley at about 300 m upstream (rom the
same confluence, calcareous megabreccias have been
exploited in quarries.

The Bucevita valley upstream its only big tributary
to the right (Pl III) offers ancther suggestive seclion
across thie deposits of megabreceias green-gritty shales
(but also with rare intercalations of violaceous shales).

Within the member, with a basal development, in
south-west, but progressively a more extended thick-
ness towards north-cast, there occurs a "mixed” lacles
in whicli the above described deposits interfinger with
elementd characterizing the Pirnesti valley Member, es-
pecially violaceous argillites (at the origin of the left
tributaries in the upper part of the Musga valley, an the
Lupesti valley and right tributaries of the Stricoanea

valley close to its arigin, on Lhe Bucevita valley, the left,

side crest of the Vladin valley etc.), but also with ag-
glomerates (Panugari valley, Viadin valley) with sands
bearing clements ol violaceous and green argillites {on
the left side crest of the Viadin valley) and even with
ophiolites {(at the origin of the tributary on the right of
the Dilsesc bhrook, on the Bucevila valley in its upper
coarse atd on the Panugari valleyj.

The age of the Blidarulni hill Member s without
any doubt Tithonian, but also Neocomian according
to its upper posilion as against the Pirnegti valley
Member. T'he same age is supported by the algae con-
tained in the limestone from the blocks of megabrec-
cias, on Bucevila valley (L 111). In the same area,
the radiolarian assemblage suggest a Kimmeridgian
(Orbi valley) or Tithonian age (Bucevita valley). Sim-
ilarly in grey-green cherts (left crest of the Vladin
valley), in violaccous jaspers (on Pianugari valley at
the confluence with its last lelt big tributary) and in
green=striped Jaspers (in the left side of the road along
the Saturani valley 750 m upsiream the confluence
with the Zeldig valley) there were identified radiolarian
assemblages of Kimmeridgian-Tithonian, Oxfordian?-
Kimmeridgian age and Middle Tithonian age, respec-
tively. More probably, the radiolarian bearing rocks
are resedimented because they are surrcunded by ele-
ments of megabreccias.

In the last mentioned jasper, the radiolarian as-
semblage contains: Mirifusus dianee, Podecapsa am-
philveplera, Acaeniolyle diaphorogona. Fmduvie sedec-
mmparate, Perispyridiwon  ordinarivm,
huazalingoense, Mesovallupus sp., Prelocallupus sp..
Bivallupus mevicanus and Vallupus fopsons, the last
ones characterizing the lower part of the Late Titho-

Pantanetliom

nian. ,

The type section of the member is situated in
the Lupesgti valley area where the transition f{rom
calcarenitic-argillaceous-gritty facies to the thick bed-
ded breccia (without the excessive development of
these last ones as in the north-castern part of the syn-

M. LUPU et al.

cline.

Soulh of the Mures river, the Blidar hill member
develops mainly in ilyschoid (acies, characterized by
the rhiytlunic alternance of calcarenites (or gritty lime-
stones) and locally violaccous, grey green clays.

The sandstones show frequent graded bedding, lam-
ination, sometimes mechanogliphs especially of flute-
cast type. Some neasured current directions proved a
SE supply.

In this last arca crop out also grey-brown marly-
limestones in 310 cm thick beds, microconglomer-
ates and microbreccias, with elements of
ophiolites; limestones (sometimes forming big blocks),
marls, calearenites and jaspers, rarcly also quartzites.

1.3.1.2 The Wildflysch Formalion

In a single place within the Pirnesti digitation, (on
the crest of the Drocea Mts, T km NE of the Tapul peak
al the bilurcation of the plain left of the Leurzii valley),
the volcano-sedimentary [ormation is transgressively
overfain, on a 50 m areaby unsorted conglomerates
with white quartzite elements, embedded in a gridty-

breceias

grey-green micaceous cetnent, similar to those of the
wildfiyseh and to the normal deposits of the Senonian.
They seem Lo belong to Lhe wildflysch, taking into ac-
count that in the Musa digitation, which is situated
inuch Lo the north, the volcano-sedimentary formation
is obviously covered hy wildllysch deposit, that on a
[arge area have all the features of this type of deposits,

1.3.2 The Muga digitation

The external zone or the Musa digitation develops
north of the Punesti digitation starting from south of
the Mures valley upstream Capruta and to the nuddle
course of the Musa valley where it disappears under
the Pirnesti digitation; il reappears at the origin of
the right tributary of Sighigor brook, situated immedi-
ately npstreaimn the Leurzii valley and continues in the
Panugart, Viadin and Zeldig valleys 1 ki downstream
the con{lucnce wilh the Saturani valley.

Within the digitation, there are developed cal-
carenitic flysch deposits - the Blidar hill Member -
which are transgressively covered by deposits of the
wildflysch formation.

£.3.2.7 The Blhidar hadl Momber

This member presents lithologically more constant
features within the Musa digitation, closer to. those of
the type section than in the north-eastern part of the
Pietrele Albe syncline. 1t is conslituted of convoluted

sandstones. 2-5

5 em thick, with flute casts and drag
marks of 10-50 cm sandstones divided in plates on the
interfaces, sometimes with coarde zones in the base,
of grey and green satinated siltic clays, of calcarenites
mainly composed of elements of grey limestones and
also of green elements of basic eruptive; the last ones
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form beds 0.3-2 in thick and are more frequent and
thicker to the east of the Slatina valley and widely
developad in the Panusari valley 1 ki upstream the
confluence with the Orbi valley.

The accentuated folding, which is visible on the right
tributaries of the Slatina valley downstream the con-
fluence with the Musga valley, as well as frequent while
calcite diaclases provide similitudes with the Sinaia
formatjon of the East Carpathians.

On the first tributary on the right of the Slatina val-
ley downstream ithe Muga valley, within the member
there were also remarked rare decimetric white dia-
clased marly limestones,

The "mixed” facies - with characters common to
both Pirnesti vatley and Blidar hill member - was iden-
tified and cartographically separated in the Pianugari
valley and Qrbi valley close to their confluence, where
it is constituted of a very thick alternance of light
brown calcarenites, 2-5
argillites. This scquence is considered by the authors
as a distal correspondent of the mixed [acies in the
Pirnesti digitation; however il could also represent the
direet correspondent of the Pirnesti valley member (in
the Pirnesti digitation) il we consider that inside it

em thick, with violaceous

only violaceous argillites constantly oceur and that ils
probable age, established paleantologically in the Muga
scale for the deposits of the Blidar lull member, may
be Callovian or older.

Another characteristic of the member in the Muga

digitation is the local development within the flysch of

basdltic flows sometimes accompanied by viclaceous
argillites and cherts (on the left tributaries of the
Musa valley in its middle course) or black argillites
and cherts (Vladin valley). Intercalations of vielaceous
argillites were also identilied close to the spring of the
Zosegti valley, close to the overthrust line of the Chrig
Nappe, at the origin of the right tributary of the Valea
Mare brook and on the hill right of the Slatina valley,
NW of Baia where they seem to form an alignment
which suggest the existence of a second level (a lower
one) ol eruptions within the member,

The upper cruption level has been paleontologically
dated on a left tributary of the Musa valley in its mid-
dle course and on the Vladin valley (PL V) namely:
viclaceous cherls associated with basaltic flows, in
the first site, contain radiolarians among which have
been identified the following species: Triactoma blaket,
T. jonest, Archacospongeprunum imlayy, Emiluvia (?)
antique, E. pessugnol, E. sedccomporata, Trivabs haye,

Tetratrabs gratiosa, Acanthocireus suboblongus mimor

ete. providing the Callovian-Oxfordian age: in the sce-
ond site, cherts associated also with ophiolites, con-
tain the following radiclarian species: Spongocepsula
palmerae, Tetrairabs bulbosa, Emiluvia ovea, Alicvoum
helenae, Angulobraichie digrinta, Triactome cchiodes,

Podocapsa amphitreplera, Pavvicingule boensi,” indi-
cating a Nimmeridgian-Tithonian age.

The above mentioned assemblages show Lhat the Bl-
idar ill Member in the Musa digitation as that of the
Pirnegti valley Member in the Prirnesti digitation; it
becomes thus obvious the diachronism of the limit be-
tween the two members [row south Lo north, corre-
sponding to the progressive decrease of voleanie mate-
rial supply in the constitution ol sedimentary lorma-
tions.

On the other side, the dating possibilities restricled
only to the lower part ol the Blidar hill Member, rise
the problem of the age of its upper part; this part was
here considered to be of Neocomian age because of its
upper geometric position relative to the Punesti valley
Merber (which reaches the Tithonian) in the Pietrele
Albe syncline.

Soutls of the Murey river, the Blidar hill Member oc-
cupies a relatively large area and is constituted almost
exclusively of flyseh type sequences forined of calcaren-
ites and gritty limestones in beds of & 15 em thick, and
of clayey marls of 10-20 am thick. There often ocecur,
north-western vergent, drag [olds.

Within the succession also occur rare violaceous elay
levels, basaltic tufls, and in a small valley south of
Beloting, violaceous jaspers from which there were
determined the following radiclarian species:  Pan-
tanellivin sp., Enmalwvia sp., Irilvabs cuwingr, Ristola
sp., Podobursa sp., Mirifusus dranae, wdicating an
Oxlordian-Kinuneridgian age,

The thickness of the formation increases {rom the
uorth where it reaches about 1000 m, towards in the
soutl, where it has almost 2000 m.

1.3.2.2 The Wildflyseh formation

This Tormation obviously covers unconformably the
deposits of Blidar hill Member in the middle course of
the Panusari valley (which continues in its lefi slope),
and also an the peak in the left of the Orbi valley. In
both sites it covers the contact between the external
scale of the Pirnesti digitation as well as the Muga
digitation.

The formation is constituted of prey-green mica-
ceous sandstones and unsorted conglomerates, with
white quartzite elements embedded mgritty micaceous
malrix, featuring step like bed surfaces, and bluish
and reddish argilhites; in the Panugari valley, assaci-
ated with argillites also cceur metrie blocks ol reddish
limestones.,

1.4 Comunent concewning the magmatites
associated to Neojurassic-Eocretaceous series

I the attempt to synthetize the aspecls concern-
ing the magmatism i the Crig marginal basing it can
be supposed that the effusive activily practically took
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place continuousty Trom Callovian to Tithonian inclu-
sively. During this interval, at various levels within the
sedimentary sequences Lthere were interbedded flows es-
pecially constituted of intersertal basalts and rarely
intergranular, amigdaloid, variolitic or even porphyric
basalts.

A characteristic of the ophiclites interbedded in sed-
imentary sequences is therefore the obvious prevail-
ing of mostly spilitized basalts, with chemical and pe-
trograplhical [eatures siimilir Lo the basalts of oceanic
crust Lype. The association with the above mentioned
sedimentary sequences justifies their iterpretation as
belonging Lo a marginal hasin.

A second category ol rocks, more acid, covers a
larger zone of ernplive rock nomenclature. They al-
~ways oceur as dykes and i oonly one situation as a
sill {or subvoleanic bady) partly covered by Neogene
agglomerates in the zone east of the Vladin valley.
These rocks are: oligophyres, orthophyres, dacites,
rhyolites, keratophyres,

intermediary-acid type, andesites (rarely) - dacites
rhyolites, which partially underwent secondary trans-
formations such as albitization of plagioclase and ehlo-

ritization of mafics. The fundamental mass of these

rocks is cripto- or microcrystalline, phenocrystals of

plagioclase 4+ albitized, biotite phenocrystals 4 horn-
blende and very rarely pyroxenc.

Secondary transforimations of these rocks are siiilar
to those underwent by basalts, which can or cannaot be
spilitized.

A special situation appears in the Situram valley,
where Savu (in Lupu et al., 1983) described an alter-
nance ol jaspers (in whith Dumitricd identified radi-
olarians of Kimmertdgian age) with tulls of rhyolites
and arthophyres. This would justily the idea that the
bepinning moment for this intermediary-acid magma-
tism was as old as the Kimmeridgian,

The plotting in V-Ti/1000 diagram (Fig. 2) of the
available analyses (Savu, 1986; Lupu ct al., 1983) leads
lo the conclusion that all basie rocks in the region, to-
gether with those melanocratic rocks which Savu con-

sidered to represent an island arc may be considered of

oceanic crust Lype, being plotled in the back-arc field.

The presence ol intermediary-acid rocks complicates
the geolectonic interpretation of the Crig basin, be-
cause even if they do not oceur in high quantities, Lhey
are not marginal basin typical products. TFor these rea-
sous, the following alternatives should be taken nto

consideration concerning the geotectonic position of

these magimatites:

L) The zone acted as a marginal basin during the
most part of the Upper Jurassic, then specific mag-
matic activity of this geotectonie {rame ceased and
there were emplaced intermediary-acid rocks, migrated
from the adjoining magmatic are zone, where such

In fact, they are rocks of

producls are specific to the upper sequences.

2) Marginal basin with atypical magmatic evolution;
the fact that this marginal basin had a limited evolu-
tion, with a restricted spreading and subsidence could
directly or indirectly determine the sialic influence of
the initial basement of the region, in the origin of mag-
mas and apparition of intermediary-acid magmatites.
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(1), wphiolitic rocks; {2), island arc melanocrate rocks
(alter Sava, 1986); {3), tholeiitic basalts (alter Lupu
et al., 193G).

The authors of this paper consider the Crig Nappe as
the result of au atypical evolution of & marginal basin.

1.5 The Grosgi Nappe

This unit has two formations:

1) the Grosl Formation (Maastrichtian) and

2) the  Dumbrivita  Formation (Maastrichtian-
?Lower Paleogene).

1.5.1 The Grogi Formalion

This sequence has a typical wildllyseh character and
extends from the Chelmac village south of the Muresg
river towards north- up to the Sighisor valley basin
north of Madrigesti, as a large band, which is tec-
tonically limited both to the Senonian of Gosau type
and to the Crig Nappe. As it Is drawn on the map,
it wholly everlies the Bacreniian formation of Papiu
(1953). Later on, Lupu, Avram (in Savu et al., 1979;
Rosia Noudt and Savirgin maps) noticed the wildfly-
sch character of the formation, which they considered
to be Alhian in age on the basis of some elements of
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microfauna and microflora, which later proved to be
reworked.

The Grost formation is constituted mainly of typi-
cal wildflyach sequences camposed of grey-blackish and’
violaccous scagliated clays, sandstones and microcon-
glomerates of Senonian type but budinated and usu-
ally with step like surfaces and levels of gritty and/or
conglomeratic flysch. In the sequences with chaotic
sedimentalion, olistoliths composed of calcarenites and
fossiliferous marls, most of them Neocomian in age, se-
quences of Albian {lysch, big blocks of Jurassic lime-
stones ele. are also frequent.

The sequences of gritly-conglomeratic flysch, often
with intercalations of marly limestones, are betler pre-
served in the eastern part of the Slatina valley - on the
left tributaries of the Soci valley 1n the On Valley and
tributaries of the Musga valley in its middie and upper
course, as well as on the right tributaries of the Sighigor
valley, at its origin; they were also recorded as more or
less dislocated sequences, NE of Grosi (on Tocila val-
ley and Ursoanea valley) and become prevailing south
of Mureg. To Lhe upper part, between the Dumbriviga
valley and the origiif of the Muga valley conglomer-
ates are developed as thick intercalations of 20-100

m, which can be directionally followed on several kilo--

meters. Their belonging to the wildfiysel formation
is also supported by sequences with chaotic sedimen-
tapion associated to them, including embedded sheets
which occur both in the basin of the Dumbrivita valley
(on the Tocila valley and Neghitei valley at its source,
in the right slope of the Micrlei valley upstream the
Grosil Noi village, in the Ursoanea valley and,on the
interfluve between this one and Mierlei valley) as well
as in the Slatina valley (especially on the left tribu-
taries of the Musa valley In its upper course) within the
sequences intercalated among the conglomerate beds.

The flysch sandstones often form beds of 2-30 em
thickness rarely metric ones, are graded bedded, with
convoluted lamination, well-cemented, grey-blackish in
colour, often have flute casts on the lower part. Several
flute-casts measured on the Oii Valley 250 m upstream
of the mouth of a bigger lelt tributary, show transport
directions northwards (N 20° W southwards and N 30°
E southwards).

AL the upper parl of the sandstone beds generally
develop subdecimetric intercalations of marls and siltic
grey, satinated clays, which sometinmes pass to light
grey or green marly limestones (on the Prisicii valley
at its origin, on the On Valley ete. ).

Finaly, the conglomerates form a few tens of nieters
thick intercalations, which are generally more devel-
oped close to the overthrust line of the Cris Nappe,
between the Dumbrivita valley and Musa valley. They
are unsorted, genevally weakly-cemented, wilth some
em to 0.5 m diameter elements o white quartzites (the

most numierous), brown and black quartzites, amphi-
bolic schists, white-violaceous quartzites (quite subor-
dinately), and rare sericitic schists.

Allochitonous elements occur either as blocks of vari-
able size or as embedded blades intercalated among
flysch sequences or associated to the conglomerates de-
scribed above. They are: Tithonian-Neocomian lime-
stones and marls, packs of Albian flysch, Lower Ceno-
manian marls and sandstones,

Limestone and marly olistoliths, mainly Neocomian
in age, develop especially on the tributaries of the
Dumbritvita valley and Mierlel valley close to Grogii
Nol; on Valea Mare of Dunibrivita, Voginei valley,
Neghitoiului valley, Ursoanen valley, Prisicii valley,
Tocilei valley, but 4iso in the basin of the Slatina valley
on the Oii valley and its slopes, the tributary of the
Slatina valley immediately downstream the Oii valley,
some of the right and left tributaries of the Muga val-
ley and also in the basin of the Sighisorului valley at
the origin of the Dalsesc brook. They [orm sheets of a
few hundreds of meters between the Neghitoiului val-
ley and Tocilei valley {on the last one, in the point
"Scarile” | the lower sequences of the Neocomian suc-
cession seem undisturbed. The reconstituted succes-
sion of the Tithonian-Neocomian deposits from the
olistoliths ordered on the basis of the fossils they con-
tain is the following, from lower to upper part:

1) alternance of calcarenites and grey-whitish mi-
crites, in 20 em thick to metric beds, with grey marls,
the last ones forming intercalations which are only
decimelric (in Tocilei valley at the ”Scarile”);

2} grey fine calcarenites, in alternance with schis-
tous grey-whitish marls and grey compact or schistous
marly limestones {UfSoanea, Neghitoiului, Prisicii val-
leys, Oii valley upstream its left tributary etc);

3) grey marly limestones and siltic fossiliferous marls
(Ursoanea valley, Oii valley 500 ns upstream the mouth
of its left tributary), the left tributaries of the Musa
valley in its upper course - attached to the conglom-
erates at the source of the Dilsese brook.

This allochthonous succession, which was deseribed
as the "Grosi Series™, by Papin (1953} is certainly that
one from which the fossils quoted by Loczy (1887) have
come. FProm the liestones at the base of the suc-
cession, the authors of the paper collected and deter-
mined: Haploceras cf. elimalum (OPPEL and Lamel-
laptyehus beyrichi (OPPEL) aff. I rareui TURCULET, -
in a small limestone block on the smaller tributary of
the Slatina valley hmimediatelly downstream the Oi
valley (Upper Tithoutan); Herrieselle sp., together
with a poor association of calpionellas of the C. el-
liptica Zone, ideutified in calearenites on the Tocilei
valley at "Scirile”; Leploceras brunneri (OOSTER) and
Lamellaptychus mertillete (PICT. et LOR.), recognized
i marls of Upper Berriasian age on the Qii val-
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ley; Phyllepuchyceras cf. winkleri (UHLIG), Ncolis-
soceras grasianum (IVORB), Pretetragonites sp. and
Oleostephanus afl.  psiloslomus NEUM. & UNL. (Late

Valanginian) on the Qii valley 600 m upstream ils left.

tributary (at the moutlr of a smaller right tributary
of the latler); Lamellaptychus angulicostalus (PETERS)
L. cf. didayi (C0OQ.), indicating in the association the
Lower [auterivian age, on the same valley 530 m up-
stream its left confluent (Pl V).

The origin of limestone and marly olistoliths 1n the
Grosi formation should be explained m correlation
with the total absence of olistoliths of ophiolitic rocks.
This last fact excludes the origin of fossiliferous lime-
stones and marls within the Crig marginal basin and
Capilnag-Techereu magmatic arc domain, in which ba-
sic eruptive products were very {requent; therefore, it
is more probable to suppose their origin on the south-
ern flank of the Austro-Bihorean continent, where dur-
ing the Tithonian and the Neocomian a sedimenta-
tion domain probably existed, croded during the Up-

per Senonian.

The Albian was identified within only one sheet
of flysch type deposits, embedded in the wildflysch
on a right tributary of the Ddlsesc brook. Il is
constituted of very small cemented muscovitic sand-
stones and marls with friction mirrors. A palynolog-
ical sample collected (rom the marls, gave the asso-
clation: Gleichenudilea senonicus ROSA, . carina-
tus (Dolkhoviling) Bolckhovitina, Plicalella trichecan-
tha Malievkiha, Clicalricostsperiles el wvenustus Deak,
Parviseccites radiatus COOPER, which can indicate the
Upper Aptian?-Middle Albian interval.

Grey-blackish (bluish) and violaceous marls, as-

soclated with sandstones and microconglomerates of
Senonian type but with step like bed surface are very

frequent both in the south-west of the region - on
Voginel valley, Mierlei valley and its tributaries north
of Grosii Noi (especially on the Ursoanca valley), as
well as on the Slatina valley close to Slatina de Mures
village; in the hydrographical basin of the Sighisorului
valley (Leurzii brook, Dalsesc brook, Tiganilor valley
and Bucevita valley) and on the Crizeasca valley SW
of Secas.

The palynological samples, collected [rom various
localities to clarily the age of the wildflysch forma-
tion, gave conlradiclory results.  The newest age,
age of the forma-
tion, was given by the spores-pollen assaciation af the
marls intercalated in a asequence of marly gritty fly-
sch with green marly limestones thick to metric size,
strongly dislocated, which crops out in the left bor-
der of the Mierlei valley upstream the bridge from the
mouth of the Ursoanea valley. The aspect of the sand-
stones it this outerop is quite peculiar in the wild-
flyseh; they are platy {almost lealy), grey whitish (sil-

very probably representing the real

very) in colour because of the nuscovite abundance on
the interfaces, suggesting partly the sandstones of the
Dumbhriivita formation. Their age is Maastrichtian,
eventually even Paleogene, according to the pollen
of the Normapolles Pllug 1953 group (Semioculopol-
lis sp., Pscudoplicapellis endocuspis TECHUDY, 1975,
cf. Trudopollis sp., Pseudopapilopollis praesubhercyn-
1cus {GOCLAN). . praesubhercynicus (one specimen)
and the pollen assigned provisionally to the genus Tru-
dopollis belonging to the Upper Campanian and Maas-
trichtian association of the red detritic facies with di-
nosauriens in the south of the Metaliferi Mts.

In the south-west of the Drocea Mis, especially
south of the Mures river, the wildflyseh is in most
parl replaced by gritty flysch deposits, composed of
quartzous sandstones with calcareous cement and cal-
cite diaclases in beds 10-25 cm thick, alternating
with brown green clays. Sometimes sandstones have
graded hedding and frequent parallel or oblique cur-
rent lamination.  In this sector also occur levels of
polymiclic conglomerates, with clements constituted
mainly of quartzites. Rarely levels of black grey scale
like argillites occur as intraformational slumpings; the
sandstones contain also soft elements ol intraforma-
tionally reworked clay.

Taking mto account the lithological features men-
tioned above, it was considered to be the most rep-
resentative for the characterization of the formalion,
the area north and east of the (Grogi village, in the hy-
drographical basin of the Dumbrivita valley. In this
region, in which the relations with the Dumbrivita
formation can be seen there developed gritty conglom-
eratic flysch {at the source of the valleys-east of Grogi-
Tocilel and Neghitouului valleys; Ursoanca valley and
the interriver between 1t and the Mierlel valley), vio-
lacecus and blackish seale like marls associated with
sandstones and microconglomerates with specifically
deformed bed faces (Ursoanea valley etc.) and finally
Maastrichtian gritty-marly flysch. _

A second zone revealing on a small area both gritty-
conglomeratic llysch and chaotic sedimentation se-
quences, is the basin of Oii valley - left tributary of
Slatina valley hetween Baia and Slatina de Mures; this
basin completes the lithological aspects of the forma-
tion, and it can be taken into consideration as a second
type reglon.

1.5.2 The Dumbrdvije Formalion

It crops oul in the right slope of the Dumbrivita
valley between Cipruta and Grosii Noi, in the
Neghitoiului valley and on its right crest towards the
Prisacii Valley, where it fills the syncline, and where it
disconformably overlies the Grogi Formation.

[ts deposits contain an alternance of smooth mus-
covitic platy sandstones, grey green in colour, rusty-
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weatliering, in beds 2-30 em thick, rarely thicker, with
green siltites, which are very micaceous and coaly on
the interfaces, and also with striped black and green
clays. Sandstones have current sole markings on the
lower surface, indicating the transport from the west;
the transition from sandslones to micaceous siltites
and striped clays 1s gradual.

The age of the Dumbrivita formation remains un-
certain. Among the samples collected for palynelog-
jcal investigation, only one from the syncline core,
on the Neghitoiului valley offered a spores-pollen as-
sociation. The Turonian-Lower Sencnian age indi-
cated by this sample cannot be aceepted if it is taken
into consideration the obvious upper position of the
Dumbravita formation on the Grogi formation; the
complete lack of palynomorphs in the other samples
collected fromt the formation would prove that the
ahove samplecomes from an embedded level of re-
worked palynomorphs. The real age ol the formation
is probably Maastrichtian-Lower Paleogene taking into
consideration that the newest deposits of the wildlly-
sch formation are Maastrichtian.

1.6 The Gosau sedimentary cover of the
Highis-Drocea crystalline

The succession of Senonian deposits overlying the
metamorphic socle is a Gosau formation, which ap-
pears as a SW-NE oriented band, starting {rom
the Mures valley to the north to the sources of
the Grosi valley, on the Slatina de Mureg val-
ley, the right slope of the Socilor valley, the trib-
utaries fromn the source of the Sighisorului valley,

the lawer course of the Miadrigesti valley, then to NV,

up to the south of Secas.

The formalion comprises several lithological terms
which never occur all together in the same geologi-
cal section; conglomeratic breceius and conglomerates,
sandstones and marls.

The conglomeralic breceias and the conglomerates
are more frequent in the south-western part ol the
outcrepping arca of the Gosau formation. The con-
glomerates are polymictic, with elements of crystalline
schists, white and black quartziles, sericitous schists.
amphibolites, kept into a gritty green muscovile en-
riched matrix. Here and there the couglomerates are
replaced by breccias which generally contain the same
type of elements.

The sandstones are the main lithological component
of the formation. They are calcareous, disposed in
beds of 30 em to 2 m thick. In the case of thicker
beds, they are in slabs, sometimes marked by patches
of muscovite or coaly remains. Sandstones are usually
unsorted. ungraded and only in rare cases conglomer-
atic zones are noticed at the Tower part of some thicker

beds.

A second type of sandstones which occurs rarely has
also calcarcous cement but is characterized by thin-
ner beds (2-5 em). Sometimes graded bedding can” be
recognized in them and, at the upper part, parallel
or convoluled lamination. Semetines hieroglyphs of
Yaleadyction type are to be Tound.

The marls take part in variable proportion to the
composition of the formation. They prevall in the
basin of the Sighigor valley where they are the main
lithological term of the succession.  The colour of
marls is grey, rarely violaceous and thickness does naol
reach a few centimeters belween two successive beds
of sandstones. Sometimes (on the &rogi brook and
Craciuneasa valley } intercalations of black coaly schists
occur in the marls. Iere and there, there are strongly
biopeated.

Within the Gosau formation occasionally also occur,
muscovitic siltites, well cropped out, especially in the
lower hasin of the Leurzit Valley. West of the territory
of the map - in the righl slope of the Mureg valley
at Conop = metric lenses of rudist limestones oceur at
the base of the Senonian suceession. rom these lime-
stones, D. Lupu (L976) determined: Ilippurides socialis
DOUVILLE, Vaceinies oppeli felizi KUHN, V. giganleus
D'HOMBRE-FIRMAS and . pracrenensis TOUCAS, in-
dicating a Conlacian age.

Within the territory discussed in this paper, the
(Gosau sucgession coutains, in thé southern zone, con-
glomerates then brown sandstones in banks more than
1 mthick In afew places, the sandstones contain spec-
imens ol Actaconella crassa GOLDF. and Aclaconclla
sP.

The seetion of the Leurzii valley, right tributary of
the Sighigor valley, reveals a succession which has in its
base sandstones then siltites and marls in which a rich
association of melluscs was identified in which the am-
monite Reesideoccras sp. was found, at the lower part,
and bivalves: Inoceramus ballicus BOEHUM and FPycn-
odonta vesicularis (1LAMK.), in the upper third. The
age of the succession could be thus placed in the Co-
niacian and Campanian interval, the same age having
the Gosau formation as a whole.

2 8TRUCTURAL DATA

Structurally the Drocea Mts comprise two major
units of the South Apuseni: Capilnag-Techereu Nappe
and Crig Nappe (I'ig. 3).

The Grosi Nappe is an unit with local development
in the Drocea Mis. [t is composed of wildflysch and the
Dumbriivita formations, which thrust over the Senon-
ian deposits in the Gesan facies, starting from Birzava,
on the Mures, to NE up to Madrigesti from which its
outline makes a curve to NW. Its interval structure
suggests a homocline with south-castern dipping.
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Fig. 3 - Tectonic map of the Drocea Mountains.
1, Tertiary and Qualernary deposits; 2,

sapilnag-Techereu Nappe; 3, Crig Nappe: a, Pirnesti imbrication

unit; b, Muga imbrication wnit; 4, Grogi Nappe; 5, Senonian Shelf deposits; 6, metamorphic basement,

The Crig Nappe, which contains the eruptive Neo-
Jurassic formations and the sedimentary Neojurassic
and Eocrctaceous formations overthrusts the Grosi
Nappe. The Crig Nappe comprises an Upper digi-
tation (the Pirnesti digitation) and a lower one (the
Musga digitation). The tectonic contact between the
twa digitations can be followed from the north of the
mapped territory, where it is covered by Neogene an-
desites, to south, where, on an interval of about 4 km
the contact is taken by the overthrust line between
the Crig and the Grogi Nappes. From the Stirca hill to
south-west, the contact between the Crig Nappe dig-
itations can be noticed again up to the right of the
Baia locality, where it disappears under the overthrust

of the Cépilnag-Techiereu Nappe. South of the l'\'Iuresl

river the same contact reappears on a short distance
between two transversal faults.

Within the Pirnesti digitation, the Cris Nappe inter-
nal structure contains an axial faulted syncline - the
Pietrele Albe syncline — NE-SW ariented, in the core
of which come into contact deposits belonging to the
Pirnegti Valley Member with "mixed” type sequences
of the Blidar hill member, North of the syncline men-
tioned above and parallel with it, is the Magura anti-
cline in whose core basalts from the Crig basin base-
ment occur.

In the north-western part of Lthe territory, within the
Pirnesgti digitation, at the contact with the Musa

digitation, on about 4 km distance, it is interposed
a scale composed of deposits belonging both to the
Pirnestt member and to the Blidar Hill one.

South of Mures, the digitation reappears on a small
area, within a homocline with SE dipping in which
botl: members occur.

Iiw the north of the region, the Muga digitation occu-
pies a more reduced area than the Pirnesti one; it de-
velops more south of Dumbrivita, in correlation with
the disappearance of the Pirnesti digitation under the
overthrust of the Capilnag-Techeren Nappe.

In the north, within this digitation, the Soimus an-
ticline develops. South of Mures, the Musa digitation
has a relatively small development into a first zoue sit-
uated between Lhe Birzava {ault to the north and a
parallel fault to SW, then it widely develops to SW. In
this last zone, it sketches an anticline structure within
the Blidar hill member in the south of the Musa digi-
tation - south of Belotin| crest - close 1o the contact
with the Cidpilnag-Techereu Nappe.

The Cipilnag-Techeren Nappe, the upper tectonic
unit in the Drocea Mts, overthrusts successively both
Crig Nappe digitations on rore than 30 km distance.

The Mesocretaceous and -Laramian structogeneses
mainly marked the geological evolution of the Drocea
Mts territory.

The Mesocretaceous Lectogenesis caused the fold-
ing of the lormations of the Crig marginal basin, the
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forming of the Pietrele Albe syncline and Magura and
Seimug anticlines, the former in the Pirnesti digitation
and the latter in the Muga digitation, as well as the
teclonic contacl between the two digitations.

There is no direet proof of a Mesocretaceous over-
thrust of the Cipilnag-Techiereu Nappe over the Crig
one. In the central part of the South Apuseni Mis, this
possibility is supported by the presence in the most
internal digitations ol the Crig Nappe ol some Albian
wildflysch formations, with olistoliths of Neojurassic
massive limestones and basic eruptive rocks originated
from the Capilnag-Techercu magniatic arc.

The post-tectonie cover is constituted by the Gosau
formation, deposited under shell conditions, “which
passes Lo Lhe wildilysch formation {(Grost Formation),
followed by a flysch sedimentation (Dumbravi(a For-
mation).

The Laramian tectogenesis, manifested as well as in
the other sectors of the South Apuosent Mis during a
late stage, created the major structures of the Drocea
Mts, causing the overthrust of the Cépilnag-Techereu
Nappe of the latter on the Grosi one and of this one
on the Gosau type Senonian.

The overthrust planes of the Grogi and Crig Nappe
seem to he relatively slightly dipped judging by the
outline of a hall-window in the Madrigesti area. The
overthrust plane of the Capilnay-Techereu Nappe is
somehow different [rom thal of the [irst two nappes,
secining Lo be dipper.

Besides Lhe ruptural dislocations which limit the ma-
Jor structural units in the region, it can be also men-
tioned the existence of two categories of transversal
faults, A former category is canstitnted ol small slip
faulls, probably associated to the Capilnas-Techereu
Nappe overthrust; a latter category is represented by
a few more tmportant fanlts, which aflect not only the
pile of everthrusted units, but also the metamorphic
basement.  Among them, il s 1o be mentioned the
Buzava {ault and the one situated west of i, which
have a vertical component proved by the reapparition
of the formations of the Pirnesti digitation in the com-
partment comprised between then,

CONCLUSIONS

The Mesozoic geological history of the Drocea
Mts started during the Callovian when, between
the Cipilnag-Techereuw magmatic are, situated in
the douth-wesi, and the southern it of the In-
tratethyian microplate (Austro-Biliorean continent)
the Crig marginal busin was born, its deposits being
noticed Lo the north-cast up to the zone ol the Crisul
Alb springs outside the Drocea Mis. In this basin,
the ophiolitic eruptions continued up to the Tithenian
inclusively, fact proved by the presence of radiolarian
chert intercalations in the whole interval,

The sedimentary series which generally succeed the
basal levels are mainly flyschoid and continues up to
the Neocomian mclusively.

The Mesocretaccous tectogenesis has led to a first
compression of the Crig marginal hasin, forming the
two digitations, the Pirnegti and the Muga digitations.

The Gosau Senonian, the wildilysch and the flysch
formations (the last one probably continuing up to the
Lower Paleogene) as well as the older ones have been
affected by the Laramian tectogenesis, when the major
structural units of the region formed.

The Droeca Mis, and especially the Crig and the
Capilnag-"Techereu Nappes, represent. withio the Tran-
sylvanides {the main Transylvanian branch of the
Tethys) the ellect ol geological activity along an ac-
tive continental wargin.
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Troagului.

Foraminiferal and algae assembl, (A1, A baculites sp.; 2, Glomoapira sp.; 3, Vernewilling sp.; 4, Spiroplectammina
sp.; B, Nautiloculina oolitics; 6, Clypring jurassica; 7-10, Macroporella pygmaea; 11-12, Cayeusia moldavica; 13, C. pyae; 14,
Lithocodium sp.

Hadiolaria il (B), Callovian; (C), Oxfordian-Kimmeridgian; (D), Kimmeridgian-Tithonic. 1, Triacfoma echiodes;
2, T. blakei; 3, Emiluvia ores; 4, E. sedecimporata; 5, E. pessagnoi; 6, Foremanella diamphidia; T, Paronaclle mulleri; 8, Tritrabs
casmalisensis; 9, Perispyridium of, famanense; 10, Eneyrtidellum ptyctum; 11, Cinguloturris carpatica; 12, Podoburse trizcantha;
13, P. spinosa; 14, Mirifusus dianac; 15, Archaeocenosphaerasp.; 16, Spongocapsuls palmerae; 17, Ristola altissima; 18, Hignmastra
mflata; 19, Triactoma preblakes; 20, Andromeda podbielensis; 21, Hsnum brevicosiatum: 22, Stichocapsa convera; 23, Wrangellinm
stanleyensis; 24, Podobursa helvetica.
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Plate V

Phyllopachyceras cf. winkler: (UHLIG). Valea Oii, immaediately upstream of its right tributary.

2 — Japloceras of. elimatem {OPP.). Lelt tributary of the Slatina valley downstream Valea Oii.
3 — Neolissceeras grosionum (TYONRBL). The same origin as 1.

i

-1 & A

el

Leptaceras brunneri (OOSTER). Valea Ofi at 550 m upstream its left tributary.
Olecostephanus aff, psilostomus NEUM. & UHLIG. The same origin as 1.

Berriasella sp. Valea Tacilei al the sile named "Scirile”.

Lamellaptychus beyvichi (OPP) all. forma raran: TURCULET. The same origin as 2.

~ Lamellapiyehins of. didays (COQ.). Valea Oif al 530 mi upstream its left tributary.

9 - Lamellaptyehns angulogosiatus (PIETERS). The same origin as 8.

All the specimens are fron E. Avramn’s colleetion. All specimens are figured in natural size except for those from IFigs.

which are enlarged 2x.
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Plate VI

Elements from the microllora of the wildflysch facies.

[Fig. 1 — Qrulopollis orbienlaris GOCZAN, 1964, Valea Vosinei.
Slide 2A367/4; 123/50; 28p; [ 3A45.
Fig. 2 = Oenlopollis sp. Valea Voginel.
Slide 2A367 /3 122/55,2; 38u; . 3A45.
IMig. 3 Trudepnllis sp. Valea Mierlei.
Slide 2A407/7; 125/55.9; 204 1. 3A4G.
Fig. 4 = Interporopolieniles sp. Valea Voginei.
Slide 2A367/5; 115.2/51; 25 T 3A45.
Fig. 5 = Pscudopapifopollis pracsnbhoreynicus (GOCYAN, 1964, Valea Mierlei.
Slide 2A407/10; 110/59.4; 304 . 3A415.
I'ig. 6 ormapolles tip 1. Valea Mierlei.
Shide 2A407/8: 118,5/56,0; 203 [ 3A46,
Fig. 7 - Pseudoplicapeilis end wsprs TSCHUDY, 1475, Valea Mierlei.
Slide 2A407T/7; 115,5/42.3; 205 [ 3A46.
Fig. 8 - Psendoplicapollis endocuspis TSCHUDY, 1975, Valea Mierled.
Slide 2A407 /95 118,6/60,5; 25; 1. A48, )
Fig. 9 — Semioculopnllis sp. Valea Mierlei.
Slide 2A107 /9 114 /40665 280 [ A6,
I"ig. 10 - Novmapolics tip 2. Valea Mierlel.
Slide 2A407/G; 115,5/402.3: 200; £, 3A6,
Fig. 11 = Novrmapolics tip 2. Valea Mierlei.
Slide 2AL0T/L0; 125,01 /17; 18u: I 3AAG.

All illustrated specimens are deposited in the collection of the Laboralory of Palynology of the Institute of Geology and

Cleophysics.
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GEOLOGY OF THE TARCAU NAPPE BETWEEN THE ASAU SPRINGS
AND THE UZU VALLEY '

Mihai MICU
"PROSPECTIUNI" §. A, Str. Caransebesg 1, 78344 Bucurcsgti 32.

Paul CONSTANTIN

Institutul <e Geologie si Geofizicd. Str. Caransebeg 1, 78344 Bucuresti 32.

Key words: Flysch.

Nappes.

Digitation. Paleogene. Tast Carpathians - External

Flysch Zone — Tarciu Mouuntains, Oituz Mountains.

Abstract: The paper deals with the detailed lithostratigraply of the Paleogene Flysch of

the Tarciu Nappe. Ou structural and lithofacial criteria the Tarciu Sandstone Digitation
atd Clunget Digitation have been separated.

The detailed geological mappings, carried out since
1980 onwards within the Tarcdu Nappe (Geological
Maps 1:50000, Comdnesti and Zemes sheets) have led
to a supply of some new lithostratigrafic, biostrati-
graphic and structural data regarding the deposits
of the Cretaccous-Paleogene flysch belween the Asiu
springs and the Uzu Valley.

Among the previous geological researches concern-
ing the above-mentioned area it is worth mentioning

those due to Draghici, 1454, 1956; Alanasiu, 1059;

Dicea, Graf, 1999; Dicea, Lebenzon, 1959; Sandulescu
1962; Matet et al., 1969; Nicolaescu el al., 1968, 1969,
1971 (unpubl. reports). To these one could add also a
series of papers of a general character, but with direct
references to the geology of the area (Bineild, 1955,
19568; Dumitrescu et al., 1971; unpubl. reports).

From a structural point of view, the formations
which crop out in the arca belong to the Tarcin
Nappe and the Cominesli posi-tectonic basin. The
latter, made up of Sarmatian and Meotlian deposits,
unconformably disposed on folded rocks of the Tarciu
Nappe, was the object of previous studies (Micu et al.,
1981, unpubl. report; 1985), a reason for which we
shall not insist in its description any more.

Following structural and lithofacial criteria we could
separate within the Tarciu Nappe in the study area
a series of subunits, having the wvalue of digitation,
that have a more or less different stratigraphic con-
tent. From the west towards the easl there are: the
Tarcdu Sandstone Digitation, the Ciunget Digitation
and the Tazliu Digitation.

Stratigraphy

I. Tarcdu Sandstone Digitalion

Within this subunit, which is the largest in the
study area, flysch deposits from Lower Cretaceous to
Oligocene were recognized and separated,

Black Shales Series represent the
oldest deposits in the area. Their outeropping area
is confined to the Uzu basin, where they make up,
reaching the Supanu Valley, the northern pericline of
Lhe Polana Uzului Anticlinorium, These depasits could
be separated into two lithological entities.

The lower term is made up of hlack clayey shales
with thin intercalations of limy sandstones and grey
siderite rust-coloured marly limestones,

Rarely there are also spherosiderites, ivregularly dis-
tributed, 0.1-0.15 m in diameter. The age of the lower
part of the Black Shales Series, based on regional cor-
relations, is Hauterivian-Aptian.

The upper term of the Black Shales Series is mostly
made up of quartzose glatconitic sandstones with sub-
ardinated intercalations of silt clays and black clayey
shales. In the Uzu basin also varieties ol calcareous
glauconitic sandsltones - Farcu Sandstones (Bincili,
1905, 1958) are present. These deposits contain Al-
bian palynological associations (Antonescu, in Micu et
al., 1986; unpubl. report).

Lupchianu Beds conlormably overlie the
Black Shales Series. Al their lower part, associated
with red and green clays, there are intercalations of
whitish or greenish tuffites. Towards the upper part
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of the Lupchianu Beds there are grey, rarely red marls
and marly limestones and limy convoluted sandstones.
The foraminiferal and palynological associations of the
Lupehianu Beds are of Vraconian-Turonian age (Ion,
Antonescu in Micu et al., 1986; unpubi. report).
Horgazu Beds and Porana Uz
Lui Beds represent two heteropical and synchronous
lithofacies of the deposits previcusly known under the
name of “Incceramian Beds”. Bancila {1935) firsily
describes the Horgazu Beds also in the Uzu hasin,
the same author subsequently using the name of the
Horgazu-Poiana Uzului Beds {(Bancila, 1958). Alter-

report) sep-

wards, Sandulescu el al. (1987, unpubl.
arates, in Che Uzu basin and south of it, the real
Horgazu Beds {rom the Poiana Uzului ones, pointing
oul thal the latter represent a transition facies towards
the Hangu Beds,

Tn the Uzu Valley, the Horgazu Heds crop out only in
the innermost stroctures of the Porana Uzulun Antich-
norium, being pointed oul by us for the ficst time i the
Ciobanasn Valley. Irom there northwards they appear
also in the form of huttanholes, In the Trolug Valley
and in the Pietrosul and Piltinig Creeks, toibutaries
of the Asau River. within a lanlted anticlinal strue-
ture which represents the northward continnation of
the Poiana Uzului Anticlinoriin. Another occurrence,
an cuter one, of Lhe Tlorgazu Beds was signatled out by
us m the Tazlaul Sarat spring area, in the feont part of
the Tarcau Sandstone Dhgitation, where it represents
the southward continuation of the deposits which we
have previously separated i the Tazlau basin (Micu
el al., 1979, unpubl. report; Mica and Bratu, 1982).

Lithologically, the Horgazu Beds are represented by
rhythinieal alternations of limy sandstones, clayvs and
grey marls, and very rarely by fucoid-bearing maely

nmestones, The sandstones have a convoluted strue-
ture and are pervaded hy dinclases which gives them a
characteristic aspect. At the upper part of the sucees
sion there are also inlevcalations of Tarciu micalerrous
sandstones, in decimeltric beds.

The Senonian-Paleocene age ol the Horgazu Beds
in the thie basis of the
foraminiferal content. and the palynological associa-
tions {lon, Antonescu in Micu ot al., 1984; 1936).

The Poiana Uzului Beds are differentiated from the

area was ostablished on

Horgazu Beds by the presence, Lo a greater extent, of
marly limestones and gray marls intercalations, which
wakes them resemible the Hangu Beds.  As in the
Horgazu Beds, in these deposits sometimes also inter-
alations of red elays appear. Certain coarse sand-
stones in the Poiana Uznlu Beds contain elements of
These represent the innermost aceur-

rences of this material, originating from foreland, at

greenschisls.

the level of Senonian-Paleocene llysch deposits.

The foraminiferal associations identified in the

L
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Polana Uzului Beds belong to the Conlacian-Meontian
titerval (Ion in Micu et al., 1986; unpull. report).

Abave these formations a succession of deposits fol-
lows, generally represented by o gritly flysch, knowu
under the name of the Tarciu Sandstone Facies. The
separation of various lithological entities, which we
present below, uses their subdivision proposed by
Sandulescun et ol (1962); Sindulescu, Sanduolescu
(1964). The age of these deposits established on the
basis of wicropaleontological data is in good agree-
ment. with that previously established in other arcas
where the facies of the Tarciin Sandstone develops (Du-
mitrescu et al., 1971, unpubl. report).

"Basal Hortzon” of the Tarciu Sand-
stone Facies Hes conformably over the [orgazu Beds,
Leing prevailingly made up of green and red clays, and

green glauconitic quarlz saundstones which allow alse

intercalations of Tarciu micalerrous sandstones. The
microfaunal associations, represented in the arvea only
by arenaceous loraminilera are of Paleccene age {Bratu
i Micu et al,, F986; unpubl. veport]),

Lower Tarcau Sandstone hasa
large outeropping area in the study zone, being rep-
resented by a gritty flysch, where massive sandstones
prevail, being separated by pelitic mtercalations and
green quartzose sandstones of the " Hieroglyphic Beds”
type. Al several levels pelites are represented by alter-
nations of red aond green clays Mintermediate levels™).
The arenaceous foranminilera associations of these de-
posits are Paleocenc-Ypresian in age {Bratu in Micu
all, 1984, 19865 unpubl. reports).
S Ghhelint oa

resent the lithologieal entity by which the gritty ily-

el

Giliurgiu Beds rep-
the Lower Tarciu Sandstone is
Upper Tarciiu Sandstone. These

sch that makes up
separated from the
deposits are made up of an allernation of red and
green clays with centimetvie sandstones, with hiero-
glyphs m which sometimes metric beds of Tarcdu-type
sandstones are intercalated. The respective deposits
contain Ypresiau-Lutetian associations of arcnaceous
foramimilera (Bratu, in Micu et al., 1986; unpubl. re-
port]).

Upper T Sandstone
lithologically similar to the gritty flysch of the Lower
Tarcin Sandstone. The differences conecern the ab-

a.r ¢ iau 15

sence of red clays intercalations in the sequences of the
"hieroglyphic Beds” type, as well as the development,
towards the upper part of the suceession, of some con-
glomerate intercalations. Very sporadically, at certain
levels, 0.1-0.3 o thick, bioturbated griity Hmestones
develop. The Luteiian age of the Upper Tarcia Sand-
stone was given an the basis of certain associations of
areaceons {oraminifera (Bratu in Micu et al., 1984,
1986; unpubl. reports).

Podu Secu Beds are represented by a "Hi-
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eroglyphic Beds” type flysch made up of decimetric or
centimetric sandstones and green clays. Along a series
of geological sections (the Bartea and Tacoly Creeks in
the Asiu basin, and in the Ciobanu spring area) also
centimetrie intercalations of ved clays sporadically ap-

pear, thus reminding of the Plopu Beds, their equivas

Jent in the outer arcas of the Tarciu Nappe.

The upper part of the Podu Secu Beds is some-
times represented by grey, whitish globigerina-bearing
marls, associated with glavconitic micaferrous limy
The

planktonic foraminifera associations generally point to

sandstones and even white marly limesiones.

a Priabonian age, the basement of the succession proh-
ably beginning in the upper Lutetian {(Bratu in Micu
et al., 1986; unpubl. report}.
"§haly Hor izon”
deposits characterized by the prevalence of slightly bi-

tuminous pelilic rocks, at its base appearing 1-2 in-

tercalated beds of micalerrous polyimictic sandstones,
followed by renilites and laminated limestones, The
hasal sequence, which includes the mentioned sand-
stones, is known under the name of " Basal Horizon”
of the Fusaru Sandstone, but on account of its redueed

5200 m), it could not be drawn on the

thickness (15
map. This basal
of the Fierdstriu Sandstone and of the slaty hitumin-

“horizon” represents the equivalent

ous shales separated at the base of the bituminous fa-
cies with Kliwa Sandstone in the outer arcas of the
Carpathian flyseli. The deposits overlving this 7 Basal
Horizon™, represented wostly by bituminous shales can
be correlated with the Lower Menilites, the Bitumi-
nous Marls and the Lower Dysodilic Shales from outer
areas of the Tarciu Nappe. The foraminifer associa-
tions of these deposils belong to the Rupelian (Micu,
Bratu, 1987).

, ¥Fusaru Sandsione isqguite well developed in
the western part of the arca, outcroppiug in the axis
of certain synclines that were followed from the Uszu
Basin to the area of the Asiu River springs. A more
castward outeropping arei was pointed out by Micu
et al. (1981, unpubl. report), south of the Bartea
spring up to the Gledu spring. The deposits under
discussion are represented by a gritty flysch, made up
of relatively weakly cemented grey-bluish poiyvimictic
sandstones, in decimetric and metrie beds, grey pelites
and hieroglyph-bearing centimetric sandstones.. On a
left tributary of the Glodu spring we have pointed oul
in these depaosits also some thin intercalations of Jasio
Jaminated luestones.

2. Crungel Digitation

This subunit situated castwards of the Tarein Sand-
stone Digitation was separated according to structural
and lithofacial criteria, being followed beginning with
the Tazliul Sarat spring Lo the north, up to the Uzu

comprises a series of

Valley o the south. From the Trotug Valley south-
wards, the formations of this subuuit are largely cav-
cred by the Neogene deposits of (he Cominegli post-
tectonic basin,

Poiana Uzului Beds, having the sane
lithelogy as i the Tarciiu Sandstone Digitalion rep-
resent the oldest deposits of the Cilunget Digitation.
These crop out discontinuously on a series ol left trib-
utaries of the Izvorul All spring, their most southern
accurrence in the area being the one in the left side of
the Trotug river. There they make up a small anticline
which crops cut north of the Cominesli town, beneath
the terrace deposits.

Ciunget Beds follow in continuity of sedi-
mentation the Poiana Uzului Beds, being represented
by a gritty clayey lysch in which the green massive
bedded sandstones in decimetric or welric layers pre-
vail. Al the lower part of these deposils decimetrie
or wmelric beds of the Tarciu micaferrous polymictic
sandstones develop, having thin intercalations of grey-
greenish pelites. These are followed by a sequence of
the "Hieroglyphic Beds” type in which subdecimetric,
greenish-grey sandstones ave intercalated with green,
sometimes deep red coloured pelites. Upwards, mas-
sive bedded green quartzose sandstones prevail, some-
times angular efements of green schists of Dobrogea
type being frequent ac the lower part of these sand-
stones. Phe pelitic grey-greenish intercalations con-
tadn also red elays at several levels, thus reminding
a listle the "intermediate levels” of the Lower Tarciu
Sandstone. The most representative sections where the
lower part of the Ciunget Beds can be examined are
the ones in the Chineti spring area, i the Asau Basin,
and at the confluence beiween the Lupanu spring and
the Trotug Valley.

The upper part of the Ciunget Beds is mostly made
up of the Tarcitu-type sandstones, lacking green ele-
ments, alternating with " Hieroglyphic Beds™ type fly-
sch, the latter having no intercalations of red clays, as
in the case of the Upper Tarciu Sandstone.

The abundant greenschists fragments, as well as the
development of green quartzose sandstones in the lower
part of the Ciunget Beds represented the essential eri-
teria in separating the Clunget Facles in the area from
the Tarcin Sandstone facies.  Another characteristic
of the sedimentalion domain of the Ciunget Digita-
tion is the Fact that the succession of Bocene lysely de-
posits is loliowed by Oligocene deposits developed in
& bituminous facies with Nhwa Sandsione, unlike the
Olgocene of the sedimentation dourain of the Tarcdu
Sandstone Digitation, where ihe Pusaru facies is de-

veloping. This difference was initally peinted out by

Dumitresen (L1951, anpubl
ey Basin,

report) in the Doftana Val-

Bancild (1955, 1958) also reports that north of the
! [
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Trotug Valley, in the Strigoiu scale, the Locene flysch
presents mixed features of the Tarciu Sandstone lacies
and the real intermediate facies,

The foraminifer associations as well as the palyno-
logical ones identified at the lower part of the Clunget
Beds belong to the Paleacene (Antonescu, Bratu in
Micu et al., 1986; unpubl. report). Taking into ac-
count that these deposits are situated helween the
Poiana Uzului Beds and the Plopu Beds, the age they
may belong to is Paleocene-Lower (7) Lutetian.

Plopu Beds represent the ouler equivalent
of the Podu Secu Beds from which they differ by the
presence, al their lower part of the red clays inter-
calated in the "Iieroglyphic Beds” - type of flysch.
These deposits were signalled out for the firsl time by
our researches in the Asdu basin, starting frem the
confluence with the Bartea spring, to the north, up to
the Izvorul Alb spring arvea, where they are tectoni-
cally overlapped fromn the west by the deposits of the
Tarcdu Sandstone Digitation. Other outeropping ar-
cas of the Plopu Beds develop more eastwards in the
front scale of the Ciunget Digitation, in the Manks of
some synclines.

The age of the Plopu Beds, the basis of
foraminifer and dinoflagellate associations {Bratu, An-
tonescu in Micu et al., 198G; unpubl. report) is Upper
Lutetian-Priabonian.

on

Globigerina-bearing Marls and
the Lucdcegti Sandstone
over the Plopu beds, being represented by a 15-20 m
thick sequence of grey-whitish or greenish marls, in

are sibuated

which thin Lurbiditic sandstones are intercala'ed, as
well as certain decimetric levels of glauconite-hearing
quartzose sandstones, sametimes heaving shightly iy
cement. The age of these deposits is Priabonian, Tt
is worth meuntioning that we do not cxclude the pos-
sibility that their upper part might belong to the Ru-
pelian, as il was proved by aseries of recont researches
beth 1n the Eastern Carpathiaus Flyseh (Micu, 1985;
Micu, Gheta, 1986) and in the Polish Flyseh Carpathi-
ans (Olszewska, 1985).

Slaty Shales and Fierdstriu Sand-
st one represent the oldest deposits of the bituminous
facies with Kliwa Sandstone of the Oligocene outerop-
ping in this area. Being 10-25 m wide, these deposits
are represented by slatly or dysodilic shales which al-
low decimetric intercalations of white-yellowish quart-
zose sandstones (Fierdstrin Sandstone), the latter be-
ing pointed out on the right side of the Asiu basin, be-
tween the Agdstin and Bartea springs. as well as on the
castern side of the Tagbuga summit, where also clas-
tic dykes of quartz sandstones pervading the hitumi-
nous shales were found. A peculiarity of the Fierastran
Sandstone in the Tagbuga summit represents the pres-
ence of muscovite lamellae as accessory mineral. The
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limited thickness of these deposits determined us to
draw them on the map together with the suprajacent
deposits.

Lower Menilites and Brown Bitu-
minous Marls (10-30 m thick) were pointed out
in the flanks of synclines bearing Oligocene deposits
developed in the [ront scale of the Ciungel Digitation,
Usually, al the base of the succession, centimetric beds
of mentlites are developing, being 3-8 m thick, followed
Some-
times in the brown marls mass appear siliceons acci-
dents of the chert type in centimetric beds, which gives
them a striped aspect.

Lower Dysodilic
made up of bituminous shales with thin intercalations

by bituminous marls in subdecimetric beds,

Shales are mostly
of Kliwa type sandstones. Their thickness does not
exceed 20-35 m in the study area.

Kliwa Sandstone represents the youngest de-
posits of the Ciunget Digitation, being signalled out in
the Tashuga swmmit and in its northward extension,
The metric beds of oligomiclic quartzose sandstones
have centimetric or decimetric interbeds of brown bi-
tuminous shales.

The Rupelian age of the deposits situated above the
Globigerina - bearing Marls and the Lucicesti Sand-
stone was given on the basis ol regional correlations
with synelironous isotopic deposits,

Quaternary depositsarerepresented in the
arca by recent alluvia as well as by terrace deposits,
alluvial fans and landslides,

The [ront scale of the Ciunget Digitation overlaps to
the cast Palecogene (lysch formations belonging to the
Tazlau Digitation, but these are not the subject of this
paper,

Tectonics

The detailed geological mappings within the Tareiu
Nappe allowed the identification in studied area of a
series of subumts ranging as digitations: the Tarcio
Sandstone Digitation, the Clunget Digitation and the
Tazldu Digitation, out of these only the first two being
presented i this paper.

The Tarciu Sandstone Digitation is made up of a
series of anticlines and synclines generally overturned
eastwards and having their external flank affected by
reverse [aults. One of the mosi important of these
faulls 1s that pointed out at the outer part of the east-
ernmost occurrences ol the Black Shales Series in the
Supan basin, a fault that was coutinuonsly followed
northwards up to the Tazliul Sarat springs. To this
lault are linked the cecurrences of the Horgazu Beds in
the Trotus Valley and the Asiu basin, where they rep-
resent the northward prolongation of the major struc-
ture of the Uzu Anticlinorium. At the same time, a
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series of normal fanlts alfect the inner flanks of the an-
ticlines, especially those developed east of the Poiana
Uzului Anticlinorium.

The tectonic contact between the Tarciu Sandstone
Digitation and the Ciunget Digitation south of the
Trotug Valley is covered by the Neogene [ormations
of the Cominesti coal-bearing basin. This contact is
also allected, between the Cominesti town and the Uzu
Valley, by a vertical fault.

The Ciunget Digitation, better developed in the
study area especially north ol the Trotug Valley, Is
made up of unequally developed scales, thal overlap
cach other wesi-castwards.  The [ront seale of this
digitation {the so-called ”Strigoiul Scale” - Bincili,
1955, 1958) comes into conlact tectonically with the

forimations of the Tazlin Digitation up to the basin of

the Pictrosnl spring, north of Lucfcesti, From here
southwards, the above-mentioned contact is discor-
dantly overlain by younger deposits belonging to the
Cominesti coal-bearing basin.

A series of vertical faults, with westward raised com-
partment, make a tectonic contact between formations
of the Ciunget Digitation and the Sarmatian deposits
developed eastwards, the mosl important ol these be-
ing the Leorda-Valea Rea Fanle

In the area also a series of transversal faulls were
pointed out, sone of thent also having a series of hor-
izontal displacements. The most important ol these
is a W-LI lault, approximately paraliel te the Trotog
Valley, between Preluci wnd Comitnegti. The south-
ern campartment of this faull is raised, and its widest
amplitude, is at least 2000 m north of the Cirunta
sumimit, where the Upper Tarcu Sandstone and the
Fusaru Sandstone, respectively come into contact. 'The
leap of the fauit diminishes o the east, apparently al-
feeling also the deposits of the Comanesti coal-bearing
hasin., This leads to the presumption that it might
have been aclive also during the mtra-Sarmatian lec-
togenesls phase.

The other vertical Tanlts, especially the ones on the
flanks of the Cominesti coal-hearing basin, surely were
reactivated during the Neogene, as it aflecls s de-
posits, too (Supan Valley, Leorda, Sélitrue Valleys
etc.).

Conclusions

On the basis of the researches carvied oul by us
in this arca it was established that two tectonic sub-
units are present within the Tarcan Nappe: the Tarcan
Sandstone Digitation to the west, and the Chunget Di-
gitation to the cast.

Within the Tarciiu Sandstone Digitation were sepa-
rated, among others, the Horgazu Beds and the Poiana
Uzului Beds, whose presence north of the Trotug Val-
Jey was signalled out for the first time. There are also

important lithostratigraphic details within the Paleo-
gene [lysch deposits of the Tarciu facies. On this basis
a geological map, very dilferent from the previous ones
has been obtained,

Within the Ciunget Digitation the Polana Uzului
Beds, the Ciunget Beds and the Plopu Beds were re-
cognized and separated, followed by the Globigerina-
bearing Marls and QOligocene deposits belonging to the
bituminous facies with Kliwa Sandstone. Redefining
the stratigraphic content of the Ciunget facies, admit-
ting the presence of the Poiana Uzului Beds north of
the Trotug Valley, of the Plopu Beds and the Slaty
Shales with Fieriistrau Sandstone in the Asiu basin are
the main stratigraphic contributions of cur researches
in Lhis subunit of the Tarciu Nappe.

From a structoral point of view Lhe relationships be-
Lween the above-mentioned digitations are shown, pre-
senting at the same Lime their detail tectonics. Ameng
other original contributions of this study, we also men-
tion the recognition of certain transversal faults, some
of them having tmportant vertical displacements, ac-
companied or net by horizontal noverents,
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GEOLOGICAL MAP OF THE AREA BETWEEN
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LA NAPPE INFRASEVERINIENNE DES CARPATHES MERIDIONALES

BUCLREST
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Key words: Tectonic units, Nappes. Jurassic. Cretaceous. Anticlines. Windows,
Klippen. Digitation. Tectonic wedges. Southern Carpathians.

Abstract: The Infraseverin Nappe of the South Curpathians. The weakly metamor-
phosed Mesozoic deposits of the South Carpathians Danubian Realm are referred to the
Infraseverin Nappe. These deposits start with a Eojurassic terrigene formation, partly
continental-lacustrive (Schela Formation and its equivalents), which contains anthracite,
pyrophyllite and chlortoid; they continue with Middle Jurassic-Focretaceous volcano-
sedimentary and/or carbonatic formations and with a terrigene formation in wildflysch
facies, Lale Crelaceous in age (Upper Turonian-Lower Senonian 7). The Inlraseverin
Unit is a cover nappe emplaced during the Late Austrian tectogenesis when it was un-
conformably overlain by the Upper Scenonian molasse. [t s situated at the top of the
Dauubian tectomic units and is overlain by the Severin and/or (etic nappes. The al-

¢ formation is favourable to the

lochthonons location of the anthracite-bearing Lias
discovery of new zoues of cconomic interest, especially below the cutliers of the Severin

and Getic nappes.

INTRODUCTION

L’évolution de la connaissance géologique le tong des
huits décennies depuis quand Murgocei (1905) a argu-
menté Vexistence des charriages dans les Carpathes
Méridionales (nappe gélique) a permis la découverte
de la nappe inlrasévérinienne.

Excepté la nappe gélique, Murgocl a tracé sur la
carte géologique "Le Danube bleu”, qui se trouve en
manuscrit. A Plostitut Polytechoique de Bucarest, un
autre plan secondaive de chevauchement dans le cadre
de "Pautachion™ - celul placé au-dessons de la forma-
tion voleano-sédimentaire du sommet de Cozia (Cor-
nereva). Ultérieurement, ce contact tectonique a e
utilisé pour distinguer la nappe CArjana (Codarcea,
1940) qui, dans Uinierprétation actuelle, est reconnue
comme une grande nappe de couverlure qui recouvre
Paréal danubiei.

Sous la dénomination de la nappe tnfrasévérimienne
nous avons regroupd un certain nombre d'unitds dann-
bienues comime par exemple: nappe d’Arjana (Co-
darcea, 1940: Boldur, Boldur in Raileams el al., 1959;
Gherasi, Hann, 1987, sous presse), la duplicature de
Cileanu (Morariu, Morariu, 1982), la nappe de Fenes-
Arjana (Nastiseanu et al., 1988 a). la nappe (digita-
tion) de Cileanu, la nappe {digitation) de Feneg (fancu
et al., 1987, sous presse), o wappe  de Ji {Tancu,

1986}, Y sont inclus aussi certains dépots mésozoiques
qui montrent le méme degré de métamorphisme ca-
ractérisé par la présence de Tillite, de la pyrophyl-
tite, du chijoritolde et de Nanthracite, tels: la forma-
tion de Schela (Manoleseu, 1937, laformation d'Oslea,
Phorizon supéricur (Nastascannu, 1873), Ia formation de
Rastovanu (Stanoiu, 1982), la formation de Lipusnic
{(Gherasi et al, 198G), ainsi que les dépats mésozoiques
développés sous le facies de Feues de la zone de Pre-
sacina { Nistiscanu, 1979).

Dans cet ouvrage nous nous rapporterons surtout
au contenn steatigraphique de la nappe, ainsi qu’a son
aire d'extension dans les monis de Cerna, de Godeanu
et de Tarcu. Nous devons mentlonner aussi que le
rassemblement des anciennes dénominations sous celle
nouvelle ne signifie pas du tout Uéquivalence des anci-
cnnes unitds avee la nappe inlrasévérinienne, Le con-
tenu des anciennes unilés a éié partialement assimilé
ou a eté complétd, mais jamais repris sous la forme
itiale. Par exemple de la nappe d"Arjana {Codarcea,
L940) on a exclus les dépots appartenant, selon cer-
taines opinions {Nastdscanu, [979), a la formation de
Wildllyseh. Quant ala nappe de ho (Tancu, 1987), elle
ne renferme pas tout Phoriwon supdrieur de la forma-

tion 4’ Oslea (Nistaseanu, 19730 respectivement la for-
mation de Rastovanu (Stanoin, 1982). Par conadguent,
L seission de cot horigon et le fait de Caiteibuer & <leux



unités tectoniques différentes ne sont pas justifids,

Quant au nom de la nappe (infrasévérinienne)

nous avons eu, initialement, Pintention d’utiliser celui
d’Arjana, mais nous avons renoncé pour des raisons
dont nous mentionnons:

- sous la forme actuelle, on ajoute a la nappe des for-
mations géelogiques, en excluant d’aulres considérdes
mitialement dans la nappe d’Arjana;

= la nappe ne provient pas du nord de la zone de
Sirinia et elle n’a pas un socle cristallin, comme le sup-
posait Codarcea (1940);

— la multitude des variantes sous lesquelles on a
présenté la nappe d™Arjana, alnst que Papparition de
certaines unités équivalentes engendrerais des confu-
sions;

= les anciennes dénominations, parmi lesquelles celle
d’Arjana aussi, seront utilisées pour les lambeaux de
recouvrement, les duplicatures et les éeailles de Punitéd
récenument définie.

La distinction de la nappe infrasévérinienne a des
grandes implications daos la maniere d'interprétation
de Pensemble des Carpaihes Mérudionales, ainsi que
dans la systématisation des unités danubiennes notam-
ment.

L. CONTENU STRATIGRAPIHIQUE

La nappe infrasévérinienne camporte sculement des
dépols mésozolques affectés par un métamorphisme
dans les monts de

dynamique, mis en dvidence aussi
Cerna el Parcu par Ia présence du chiloritolde, de la
pyrophyllite et de Panthracite (Nistiseanu, 1089 b},
tel qulon a signalé dans la de Schela des
monts de Vilcan, Parg et Meheding (\bmulc‘scu
1937, Stanoiu, 1982; lancu, 1085; (Gherasi et al., 1985,
Berza et al,, 1988 a),

Les dopoh s )/mquf 5 proviennent
Fenes”,
proche du rift des Dacides externes, conformément an
modele tnaginé par Sandulescu {1984, dire
dans la partie la plus interne du domaine danubien,
a Pest du fossé de Severin et, respectivement. & louest
de la zone de Sirinia. J'al adopié la dénomination de
“zone de Fenes” parce qu'elle a été déja enmiplovée dans

[ormation

d’une alre de

sedimentation nommeaee Tzone de Sll‘l](}(’, touk

clesl a

la litkérature, dtant en meme temps phis lide i la wone
principale dafTleurement de la nappe, aussi bien qu’au
modéle pell(f‘w-“f'*ogrm)lliuuo susientionnd, et moins lié
ala zove d’Arjana, employé par Codarcea (1940) dans
son modele i‘}[_llvogmg,raph|=.';1;L-.

La stratigraphie des dépots constituant le corps de
érinienie est
PHUVEES,
catnme la

fa nappe infrasév Mayee sur des données

paléontologiques Lrés En échange, les laciés

des dépots, tout position géomdétrique de

peris détabhe
Alnsl,

quelgues horizons hithologiques onl

une tithostratigraphie satisfaisante. on a iden-
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tifi¢ des dépdts appartenant au Jurassique el au
Crétacé.

1.1, Jurassique

Dans le cadre des dépols  jurassiques nous
avons séparé deux formalions mals qul
s'interpénétrent a un certain niveaw, fail qui rende dif-
ficile la représentation cartographique des unités strati-

distincies

graphiques.

La suite des dépots jurassiques débute par la
formation terrigéne nférieure, qui, dans sa tlers
supéricure s’endente avee unc formation volcano-

sédimentaire. La partie supérieure de la premiere for-
mation s’entrepénetre avee la partic inférieure de la
deuxiéme, sur un intervalle stratigraphique qui pour-
rail correspondre au Bajocien-Bathonien,

1010 La formation ievvigéne inféricure
{(Fojurassique el Midiojurassique pro parte )

Cn a y séparéd deux séquences lithostratigraphi-
ques distinctes:  le complexe gréso-conglomératique
(inférieur) (Hettangien (7)-Sinédmurien) et le com-
plexe argilitique-siltique (supéricur) qui appartient au
Plienshbachien-Bathonien.

Hellangien (?)-Smémurien

Nous avops attribué a cel intervalle stratigraphique
détritiques grossiéres, gréso-
avec lequel ‘debute géné-
ralement le Jurassigue des régions sud-carpathiques.

A la base du complexe gréso-conglomératique on
il nest pas laminé le long du

le complexe de roches
conglomératiques surtout,

peul distinguer guand
plan de charriage, un membre {(approximativement 50
m dépaissenr), comportant, des conglomérats grossiers
riches en ¢léments de quartz blane, bien roulés, en-
globés dans une matrice gréseuse composée
ments fins de diverses roches et cimentés par un liant

dur.

de [rag-

siliceux, Jes sond les r'ongi(nm'*l'me de Cihleanu
Mic (Nastdseanu, in Conavici et al., 1988) ou ee qu’on
a déerit dans dautres zones rlv .sod}mcnl.auou (par
exemple Presacina) comme niveau basal grossier du
L979).
pects litholaciaux particuliers nous altribuons aussi les
19865 au
Hettangien (7)-Sindmurien, en les considérant comme
Péquivalent de coux de Cileanu Mic

Lias inféricur {(Nistdseanu, Girdce 4 ces as-

métaconglomérats de Merila {Gherasi et al.,

I . : itd de sédi P - 1
i continuite de Sf)(llllf?l![c‘itlol]: <1|I-(,i(3.&«5[{5 Qes con-

glomérats de base, suit un membre en grande par-

tie gréseux {approximalivement 50 wm d’épaisseur)

presentant des alternances de cycles ou rhytnes qui
débutent avee des conglomérats & éléments de quartz
blane microcon-
Parlois, les dépots

peuvent cbre remplacés par des grés

bien rould et continuent avee des

glomeérats et pns des gres silicenx,

de ec moembre
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quarlzeux, qui constituent ainsi un horizon particulier

(le "grées de Cuntu”), caractérisé par la massivelé et la

dureté des roches, ainsi que par un dévelopment local
(Cuntu-Cileanu).

Le dernier membre
acheve le complexe inféricur,
argileux grisatre-noiratres
et argilites noirs comportant de vares niveaux de tufs
basiques (par exemple la vallée de Cuntu, les rives de
el d’anthracite (Ruul Lung).

(épais de BU m environ), qui
et constitué des grés
a intercalations de siltites

la vallée de Bistrija ele.)

Lanthracite aflleure dans des couches minces (5 4 40
cm) intercalées dans la partie terminale de la séquence.
Le long d’un petit affluent de Riul Lung, vis-a-vis du
confluent de celui-ci avec le ruissenn de Valea Rugilor,
nous avons identifié trois intercalations d'anthracite
sépardes par des roches stériles & des épaisscurs de 3
a5 m. Le degré dlevé du métamorphisme du charbon
est, dit au phénomen de (ly[ldl]JOlllLLd norphisine subi
L de Rinl Lung,
rinlenne.

par les dépots éojurassiques de Schela
pendant le déplacement de la nappe mir'dsev g
Le lithofacies du complexe wnféricur ¢f notamiment
la présence des charbons el des impressions de plantes
fossiles dans le tiers
des arguments soutenant les dges accordés. On men-

supérieur de celui-ci constituent

Lionne aussi que les dépots de charbons présents dans
la majorité des aires de sédimentation jurassique des
Carpathes Mérvidionales comiportent une wacro- et mi-
crofaune simémuriennes typiques.

Liaire d’extension du complexe mniéricur n'est pas
uniforme, puisque Pépaisseur des dépots esi variable.
Nous avons apprécié une épaisseur approximative de
150 m, mais celle-ci est tres variable a cause de la Lec-
tonique.
des épaisseurs de plusicurs
cumulation de plusieurs dcailles (les éeailles situés le
long des vallées de Muromu, Cuntu, Bistra, Suculet}.
allleurer sous lorme de

Ainsi, les dépots déerits peuvent atteindre

centaines e metves, par

Les mémes dépots
laines et boudines metrigues ou ils peuvent absen-

peuvent

ter commie siite d’une lanunation totale (par excm-

ple Piatra flovel, la vallée d’Armenig, Riul Lung, Riul

Alb, Riul Rece) le long du plan de charriage de la

nappe infrasévérinienne. La variation de I'épaisseur est
déterminée aussl par les conditions initiales de dépat,
atant donné que sur les seuils Pépaissenr des dépots est

inférieure par rapport a épaisscur des dépots dans les

fosses.
Le complexe gréso-conglomératique affleure aussi
avee un  développement  continu, des [inl Reee

Jusquaux sources de la vallée de Sevastrucet le sormimel
de Cleantul Prefuchii, ainsi i
de la vallée d’Qliaba, en aval de Purca Obited, Jusqu'a
la vallée d’lavor (Cornereva)

fiad Mare et
» Ses o trouve

> e long de da cive droite

Le long de la vallée de cutre la vallée

de Liapusnic et la vallée de des microcon-

glomérats et gres i anthracite {formation de Lapugnice:

1986; in Conovici et al.,

qui appartiennent au complexe inférieur.

Gherasi el al| Berza, 1088)

Phensbachien- Bathonien

n continuité de sédimentation les dépots het-
tangien-sinémuriens sont recouverts par le complexe
argilo-siltigue (supérieur), épaise de 300 & 500 m
approximativement, comportant principalement des
méta-argilites el méta-siltites a chloritoide. Ces dépdts
constituent le litholacics profond de la zone de Fenes,
hien représenté dans la partie médiane des vallées de
Riul Lung, Riul Alb, Riol Rece, Armenis, ainst gue le
long des vallées de Camena Seacl, Zoina et Studena
de Cornereva.

Le pussage entre les dépots du complexe inférieur &
ceux du cowplexe supérieur est graduel, de maniére
que a limite entre les deux complexes se situe ap-
proximativement la ot on considére que disparals-
sent les métagres fing et connencent les métaargilites
et/ou métasiltiles En conséquence celle limite
lithologique peut se superposer 4 celle stratigraphique
ou peut différer de celle-ci.

noirs

A la base du complexe on remarque la présence de
quelques conerétions ferrugineuses, rencontrées aussi
dans d'aulres zones sud-carpathiques compeortant des
dépols éojurassiques, appartenant au niveau gréso-
stéro-sidérites (Cépais de 5 a 10 m). Sa
présence est signalée le long des vallées de Raul Lung,
Riul Alb et ‘ le complexe
supérieur est assez mounolone lithologiquement; seule-

ment les rares intro magmatiques qui

argileux A

Topla. A part sa base,
sions de roches
le percent, lul conferent une certame particularité en
par
et sernblables du point de vue lithofacial (conches
d’Ohaba, 1979) appartenant & DPunité
sous-jacente (nappe de Presacina). 1l s’agit des corps
de bostonites, kératophyres (Gherasi,
Hann, 1987)
et Ud(ll\lf'b (Rasso-Sandulescu, in
1988 a, 1989 a).
dans des aires plus restreintes (par exemple la vallée

Uindividualisant rapport aux dépots synchrones

Nistaseanu,

oligophyres,
LL/QU dolérites alcalines,
Miastaseanu et al.,
Ceux-cl apparaissent soit groupds

microsiénites

de Topla; la vallée de Deavoia), soit disséminds dans

des aires plus développdes (Riul Rece, Riul Alb, Riul

Lung ete.).

partie
plus

Les tuls basiques déjh signalés dans a

deviennent
début de

supdéricure  du complexe nféricur

téquents. s annoncent d'un part, le

Pactivité vaol

o
au niveau de PAalénien et, dlautre part, sont utilisés &

vique, qui se développe probablement
colé des roches intrusives alealines, conune repéres de

corrélation, des dépots qui les renferment ot comme des
arguinents powr sontenis Patiribution des dépots hote
icogdographique el

Al meme unité pa teclonique.

Nous mentionnons gue meme dans le cadre de ce
variations de

Bis-

complexe on peul constater certaines

facies.  Amsy, dans les bassing des valldes de
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tra, Sucu et Suculef Pépaissenr du complexe terrigen
supéricur est inférieure & 100 m, le lacies est gréso-
argilenx et passe progressivement & un membre gréso-
nicroconglomératique (gres guarlzo-leldspathique de
Caleanu Mare) qui achéve la succession du complexe
supéricur sous un facies de profondenr réduite. Le gres
de Caleanu Mare {Aalénien 7) passe progressivement
a la formation voleano-sédimentaire.  Au début les
produits velecaniques sont sédimentlés ou resédimentés
dans des couches trés minces, mais rapidement ils
se constituent dans des banes épais, fait qui facilite
Pétablissement de la limite entre la formation terrigene
et celie volennogene. On mentionne qu’il s’agii d’une
Limite lithologique el meins stratigraphique, ce qui ex-
plique les interpénétrations latérales de facies entre
implicitement, la variation de

les deux formations et,

Pépaisseur de celles-ci.

De grandes variations de facieés et condensations
stratigraphiques sont observables ausst an nord-est el
au nord-ouest du semmel de Tarcu, dans la vallée de
Lapugnie of la valide d'llova, ot la séquence argililo-
sillique est mince et supporte des gres caleaires i en-
troques minces qui peavenl appartenir au Doggér,

Le complexe argilito-siltique & [acies profond passe
alsst,
sédimentaire. Des allleurements ol on peut constater

progressivernent, a4 la - formation  volcano-
les relations de continuitd normale ot de passage pro-
gressif entre le complexe argilite-siltique et les dépots
sous- el surjacents oni é1é renconirés dans les nom-
breuses vallées des monis de Tarcu {les sources du ruis-
sean de Muroniu, vallée de Cuntu, vallée d’Armenis,
Vidlea Largd AMich, Ogasul Rau, alllient de Riul Alb

ete.). Ces relations sont particulicrement elaives, [ait
aqm nous a déterminé de renoncer aux interprétations
moins clalres qui ont été supposé {Nistiscanu et al,,
1988 a) sur les tributaires des rwsseaus Belareca et
Rinl Bece ~ monts de Cerna - ob la formation voleano-
sédimenlaire a é4é considéré en position Lectoniqgue au-
dessus dit complexe argilo-siltique.

Dans le camiplexe argilito-siltique, le long des vallées
de Riul Lung et de Riul
des Belennles pardlloses SCHLOT, mais

Alb neus avons trouvé
restes  de
plus mléressante est la faune de Cornereva {vallée

de Clornerevinti) on a

¢té détermindée une associ-
alion pliensbachienne {Peclen cquivalus SOW., En-
tolium Dasown NYST., Waldheimia nwmismelis LK
19593, De Clor-

e ausst une anunonite
7

ele., Raeanu, in Raileanu et al,
nereva (vallée de Zoinal on el
{Hurpeceras sp.. Nistaseanu, 1

[
973 qui seratt un mdice
pour ia présence du Toarcien. Pes wrgilites noires de la
vallée de "Tarnita, alliuent de Rl Alh, on a préleve des
possidenies {Matsch Brika, miormation verbale) pasmi
lesquels onavoconnn Pespoce Hositra buehli ROEMERL
mentionnée ausst dans un olistostrome de la valldée de

Beadet-Cornereva ( Nistascanu, 1979). Les schistes

5. NASTASEANU

4 possidonies sont caractéristiques pour le Bathonien
de toutes les zones de sédimentation des Carpathes
Méridionales. A celles-ci corresponde une partie des
grés calcaires ol les caleaires & entroques de la vallée
de Liapusnic et de la vallée d'Tlova qui représentent le
facies de faible profondeur du Doggér de la zone de
Fenes.

{12, La formabion welcano-sédimentaire {Jurassigue
moyen-pro-perte Néojurossique)

[ormalion ierrigene inlérieure ot
conti-

Av-dessns de la
endentée en partie avec celle-ci
nuiteé de sédimentation ane mégaséquence {200 a 500
m d’épaisseur environ) comportant principalement

repose en

des roches volcanogones (7iufs diabasiques variés”,
1937) et, en moindre partie, des
roches terrigénes el carbonatées. (Uest une formation
volecano-sédimentaire allernance
de bances métriques el déeimdtriques d'épiclastites
et pyroclastites (agglomérats, broches voleaniques et
tulsy paras lesquelles sont intercalés des deoulements
minces de roches basiques, argilites, siltites neirs et

sensu  Gherasi,

coustitude par une

surtout des lentilles de caleaires.

La forialion volcano-sédimentaire de Cornereva
{monls de Cozia) comporte des basalies, spilites,
bostonites, trachytes et kératophyres. Ces roches ap-
partienuent & un veleanisme sous-marin d are insulaire -
ou intra-plaque {Savu et al., 1978). I
la méme région, Husso-Sindulescu {in Nistdseanu ot
al., TO8% ) soulignent la similitude remarguable entre
fes magmatites de la lormation veleano-sédimentaire

parlant de

{roches basiques ot felsiques) of les sutles alealines ca-
ractéristiques pour des zones de rift intracontinental.
A Pouest et au sud des monts de Tarcu, la forma-
tion voleane-sédimentaire a ét¢ divisée en trois com-
plexes {Russo-Sianduleseu, Strusieviez, in Conovict et
al., 1988 et i NistAseann et al., 19890 a) qui, de la base
vers ta partic supérieure sont:
~ le complexe de Piatra Dracilor, comportant des
pyroclastites basiques, épiclastites, écoulements de
asaltes el lentilles de calcaires siromatiliques;
le complexe de Plainl Virciorovel, englobant des
gris et des conglomérats & éléments de roches trachy-
tigques, des écoulements de basaltes et des corps de
dolérites;
le complexe d'Obirgin Ranlul Rece, constitué
des hasicues,
ceoulements de bhasalies ot des intercalations de cal-

par éptclastites  trachytiques, tufs
catres stromatitioues.

On doil mentionner que ces complexes ne repre-
sentent pas des unités steatigraphiues, mais des en-
titds dithofaciales qui peuvent alterner dans le sens
verlical, on se substituer une & Vaatre dans le sens
hormontal, La stravievaphie de la formation voleano-

sédimentaire ne peat eire réalisé qu'a Vaide des faunes
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et dans ce sens nous avons déja montré {Nastiscanu,
1979) que: & la base il y a des lentilles de calcaires
a4 brachiopodes de type bajocien; celles-ci sont sni-
vies par une grande masse de roches voleanogenes (py-
roclastites, épiclasiites et des deonlements basiques)
qui s'interpénctrent avee la base des schistes a Post-
donia, du Bathoinien ou avee les gros calcaires i en-
troques ou les calcdires gréseux spatiques du Dogger
(Pialra lovei ete.). Le reste des roches voleanogines
compoertent des ammonites, 4 Cornereva, qui in-
diquent le Callovien et 'Oxfordien supérieur. Neus

avons préciséaussi qu’a partir de U'Oxfordien supérieur,
Vapparition des calcaives & silex rouge (& est du som-
met de Bodia et au sud du sonunet d’Acjana) est ae-
compagnée par la diminution des roches volcanogenes
el le développement des roches carbonatiques. Ainsi,
les caleaives noduleux rouges on verts & Saccomides — 4
lest. du sommel de Bodia (ments de Tarcu) el an sud
du sommet d’Arvjana (monts de Cerna) - qui appar-
tiennent au Kimméridgien supéricur et au Tithonique
inférieur ne comportent que des pellicules minees de
tullites verdatres. '

Il est passible que les caleaires de lazone de Liapusnic
sotent néojurassiques el qu’ils apparliennent aussi &
la nappe infrasévérinienne {Berza, in Conoviei et al,,
1988).

Les caleaires noduleux rouges sont recouverts, seule-
ment & Pest du sonunet de Bodia, par un membre
strictement carbonaté (A pne épaisseur de 30 m envi-
ron), qui pourrail appartenir au Tithenique supéricur.
Done, Uactivité volcanique était déja achevée dans
Paire de sédimentation de la zone de Fenes, avant la
fin du Jurassique supéricur.

1.2. Crétacd

Méme cn absence des donndes paléontologiques,
nous avous séparé, sur une aire lrés restreinie, des
dépots susceptibles d'étre éocrétacds of sur-une aire
plus étendue des dépots néocrdiacts,

1.2.1. Crétacd inféricur

A Pest du somunet de Bodia, dans le cirgue

glaciaire, au-dessus des derniers calcaires du Juras-
sique supérieur repose, cu concordance, une séquence
(épaisse de 25 m environ) de marnocalcaires, argilites
les caleaires
séquence  e-

et siltites grisatre-noiratres. Fatre

tithonigques et les  dépots de  cette

xisle une lmite Lranchante, mais en ne peut pas

préciser s'1l s'agit aussi de Pexistence d’une lacune de
sédimentation. Selen Paspect lithefacial el la positicn
des dépots, supéricure aux caleaires néojurassiques,
ceux-ci peuvent etre attribuds au Néocomieil,

1.2.2. Crélacé supérieur

Les dépols crétacé supérieurs de la réglon apparti-
ennent 4 une formation terrigéne {supdéricure) ayant
un facies typique de Wildlysch (Sénonien inférieur
?), propre & la nappe infrasévérinienne ¢t a un autre,
de molasse {Sénonien supérieur) qui couvre les struc-
tures autrichiennes précoces et lmplicilernent a partie
[rontale de la nappe.

La fermation de Wildflysch

La séquence atiribuée an Crétacé inférieur ou la
[ormation volcano-sédimentaire soni recouvertes en
discordance par une formation terrigbne développée
dans une faciés typigue de Wildflysch.  Celte [or-
mabion débute par une séquence (épaisse de 30 m
environ), comportant des conglomérats, 1microcon-
glomérats et gros. Les conglomérats renferment heau-
coup d'éléments bien roulds provenant de la for-
ot de
Fn continuité de sédimentation
suit une mégaséquence (approxunativement 200 m
d’épaisseur), comportant des grés fins, siltes et de rares

mabion  volecano-sédimentaire rares élémenis

de quartz blanc.

inlercalations argilitiques, {ous de couleur grisatre-
noiratre et faiblement mdétamorplusés. L’aspect uni-
forme de ces dépots est interrompu par la présence.
de quelques olistolites provenant soit des roches vol-
canogénes, soit de celles carbonaides appartenant a la
formation voleano-sédimentaire. La présence des olis-
tolites of les caracléristiques de la matrice de ceux-ci
définissent le facies de Wildllysch qul s'est formé dang
les conditions paléogéographique réalisées par la tee-
togendse autrichienne précoce dans Paréal du domaine
danubien (Néstdscanu, 1967). Les facies de Wildly-
sch d’aulres zones danubiennes onl é1¢ attribués au
Turonien supérieur-Sénonien (Pop, 1973).

L’age de la formation de Wildflyseh a éLé considéré

aslaseanu,

ultéricurement comme Sénonden inférieur (N
in Nastiseanu et al., 1988 a), _

La formation de Wildilysch achéve la suite des
dépots mésozotques de la zone de Penes, notamment
ceux appartenant A la nappe infrasévériniennc.

Melasse post-autrichiennc

Au-dessus des divers terms stratigraphiques de la
nappe infrasévérinienne, ainsi qu’au dessus d’autres
unités tectonigues sous-jacentes (nappe de Presacina)
discordanece la molasse post-autrichienne

repose ol

représentée par une formation de Wildflysch paraty-
pique {Nistiscanu, 1979), qui appartient probable-
ment au Sénonien supérieur (7). Les dépots de ma-
lasse comportent des olistolites ot caleaires provenant
de la formation velcano-sédimentaire, notamment les
klippes de caleaires soupgonnées d’¢tre rabotées par la
nappe de ilysch néocrétacd {Codaveea, 1940; Boldur,
Boldur, in Ritleanu el al., 1959).
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ASPECTS STRUCTURAUX
2.1. Génédraliiés
Lranité infrasévérinienne c¢’est la seconde nappe

de couverture, de grande ampleur, des Carpathes
Méridionales.  Son nom tient & souligner sa posi-
tion a Pintérieur de Pédifice structural général sud-
carpathique. Cette unité occupe [a plus haute position
dans la succession des nappes danubiennes. Elle est re-
couverle soit par la nappe de Severin (Codarcea, 1940),
soil par la nappe gétique (Murgoci, 1905) et recouvre,
ason tour, toutes les antres unilés danubiennes (nappe
de Riul Rece-Drencova, Baicu-Sirvinia, Polana Miarulul,
Presacina et unite de Mehedinii (voir Nistiseanu et
al., 1989 h).

Dang ce nouvean
sidérons que e schiéma qui distingue des unités danubi-
ennes supéricures ot inférieures (Krautner el al., 1Y81;
Gherast et al., TU86G; Berza et al., 1988 a, b) ainsi
que Vopinion sur nnité de Mcehedinli (Stanoiu, 1973)
subiront d'importantes redéfinitions, étant donné que
la formation de Schela - caracléristique pour la nappe
infrasévérinienne - ne peut pas représenter un élément
sédimentaire de plusieurs unités tectoniques, comme
est considérd dans les travaux mentionnés

contexte structural nous con-

ci-dessus,
1T a existé déja une tendence de considérer la forma-
Lion de Schela comme une nappe qui couvre les aulres
unités danubiennes, quand on a signalé la nappe de Jiu
{lancu, 1986), nappe gue cet auteur
unités imédiateisent inférieures & la nappe gélique de
son schéma struetural.

Dans un travall plus récent (Berza el al

a rapprochait des

1988 b)
la nappe de Jiu a été contestée, nais sans ;ng_}umc.ntb
convenquants. Sans justification également on a divisé
et deux parties le complexe inféricur de la formation
'Oslea {NistBseanu, 1973,
une pa rtie a éid atiribuée a la couverture mesozoiyue

1
Nastdscanu et al,, 1978);

de Punité danubienne inféricure de Lainici et Pautre
partie, considérée comme socle cristalling, a ¢1é al-
tribuée & Uunité dannbicnne supérieure de Urdele. Le
fait qu'un complexe de roches nuitaire du point de vie
lthostratigraphique et métamorphique, o été divisé
en deux partics ratachés a des unités teds diflérentes
comme lithologie, stratigraphie et métamorphisme
soulevent ‘de guestions sur la véridicité des
wterprétations déja flabiorées et dond
du schéma structursi proposé par Berza et al.
1988 b}, Tl est néesssaive aussi de meltre
cution Pattribution des dépots sénoniens (nappe in-
frasévérinienne) et de ceux véocomiens (nappe de Sov-
erin) situés le long de la vallée de Jiul de Vest, 4 la
série précambrienne de Sebeg-Lotru (Berza et al., 1088
b). Parmis les considérations qu'on peut faire au sujet

de cette interprétation nous considerans que:
~ les dépois sénonien inférieurs (7), méme faiblement.

lseaucoup
1 sur la viabilité
{1088

a ot en dis-
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métamorphisés, n’ont pas perdu leur aspect de roche
sédimentaire,
act f’*l'i«tiquvs propres
flysch (Nistaseanu,
dus avec les micaschistes, les gneiss ete.
gétique

en plus ils conservenl Loutes les car-
a une formation typique de Wild-
1980} ne pouvant éire pas conlon-
du eristallin

- les aphiolites de type Severin et les calcaires et
caleaires -gréseux de type Sinaia (le long des vallées
de Céprigoara, Ungurului, Merigoara, Chiciurii ete.)
représentent, incontestablement, des restes de la nappe
Nimporie qu'elle soit Pinterprétation
donnée i ces dépots ils doivent apparailre sur les cartes
actnelles pour ne pas enregistrer un regres par rapport
a celles préexistentes.

de Severin.

Un auire probleme gui a des implications régienales

concerne Dinterprétation Lrés certaines
la nappe
gélique el au-dessus de la nappe infrasévérinienne.
Par exemple, le long de la vallée de Craiul, aux
sources du rulsseau de Sebeg, on signale la présence
de quelques ophiolites mdsozoiques englobées comme
01151,011 tes dans les dépots lasiques (Savu et al., 1586);
dans les vallées des ruisseanx de Sucu et de Riul Ses

diflérente de
roches ophiolitiques situées au-dessous de

on signale la présence de certaines mélapéridotites ser-
pentinisées appartenant a la série de Zeicani (Berza, in
Conovici et al.; 1483) el au-dessus de la lormation de
Brustur-Baicu.de la vallée de Sucu on mentionne des
olistolites de n'u"tauiu'ab;-\::it.(-‘q (P'xiéom'{quv mferieus
O58).

Des ophioiites m'yp:zrtcnant au sillon de Severin, donc
a la nappe de Severin, se trouvent sous forme de lam-

lancu, Seghedi, in Conovici,

el

beaux au-dessous de la nappe gélique, tant au-dessus
des dépdts
qit'au-dess

liasiques de la nappe infrasévérinienne,
us d'autres dépots appartenant & d’autres
La disconiinuité initiale de
la nappe de Severin, ainsi que Pérosion avancée dans les
fenctres tecloniques ont éoigné la plupart des dépots
de la nappe; y ont resté par endroits les niveaux de
es) qui ont élé entrainés dans le rem-
plissage de quelques plis synclinaux des formations du

unités infericures & celle-ci. |

base {ophiolit

substratuni, aprées la mise en place des nappes.

On n'a pas les argumenls nécessaircs pour in-
terpréler les opliolites comme des olistolites étant

donné gue le complexe mcétapélitique noir de la forma-
tion terrigéne inférieure de la nappe infrasévérinienne
n'a avcune caracténistique spécifique au facies de Wild-
fiysch, aussi la formation de Brustur. La liaison des
ophiolites avee des amphibolites connues dans les séries
métamorphiques n’est qu’une hypothése, les aflleure-
ments des ophiolites étant plus fréquents, notamment
la 0l manquent totalement fes roches miétamorphiques
(Valea Craiulul et ses affluents).

Nous allons Taire une dernidre réféeence i caractdre
général, coneernant la fenétre d’Olteana (Iancu et a).,
LI8T), qui est infirmée par la liaison directe entre
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la formation terrigene inférieurs {complexe supcricur)
et celle qui appartient vers le nord ot louest 4 la
nappe lufrasévérinienne.  On soupconne lexistence,
vers le sud et Dest, de contacts lecloniques post-
nappe, le long des fallles inverses, qui permettent
un faible chevauchement des dépats paléozaiques de
Punité inférieure au-dessus des dépots meésozoiques de
la nappe infrasévérinienne. Quant a la nappe des con-
glomérats de Baicu, signalée d'abord par Krautner et
al. (1981}, mais redéfinie par lancu el al. (1987)
el considérée préalpine, nous sonunes d’accord avec
Popinion de Berza (information verbale), selon lequel
la nappe serait alpine parcequielle recouvre la forma-
tion de Francu, crétacée mléricure (7).

2.2. Details structuraux

La nappe infrasévérinicune est micux connue dans
les monts de Cerna el de Tarcu o on a réalisé une

A
A B

carte géologique omogene (Nastdseany, in Nistiscanu
et al., 1989 L) en employant des donnges personelles
inédites et des données figurdes sur la carte geologique
A 1:50L000 ([euilles publides ou manuscerits en cours
d'impression). La corrélation des unités structurales
inférieures par rapport & la nappe infrasévérinienne
reste un probléme que nous ne voulons pas encore
aborder. La carle de compilation susmentionnée con-
stitue un premier essal de réinterprélation de la strue-
tire d’ensemble des monts de Godeanu-Tarcu. Nous
devons mentionner aque Pensemble des nappes con-
nues dans la région, mis en place pendant les tecto-
genéses autrichienne et laramienne a ét¢ délormé daus
des phases plus récentes de sorte qu'nctuellement, les
dilférentes unités du systéme sonl plissées ensemble el
affectées par des lailles verticales ou a déerechements.
Ainsi, dans la région en discussion, on remarque
Vantiforme Riul Luung-Riul Rece & orientation nord-
sud, limitée par deux grandes synformes, situdes a 'est
{Godeanu) et a
dans leur zone axiale des formations appartenant a la

Pouest {Semenic) ol qui renferment,

nappe gétique. La nappe gétique de la synforme de Se-
menie recouvre fa nappe mfrasévérinienne qui, & llova
plonge vers Vouest sous la série de Sebeg-Lotru appar-
tenant & l'unité de Semenic. Toules ces unités sont
recouvertes par la molasse néogéne, post-laramicnne,
“du couloir tectonique de Mehadia-Caransebes. Quant
4 la synforme de Godeanu, celle-ci est bien délimitée
dans les vallées de Sucu, Bistra et Lapugnicul Mare, oh
on observe claivement aussi les unités inféricures a la
nappe infrasévérinienne, toutes inféricures au lambean
de recouvrement de Godeanu, appartenant a la nappe
gétique.

294 Llanliforne de Rinl Lung-Rivl Rece

Lérosion avancée due aux ruisscaux qui descen-
dent des monts de Cerna et Tarcu, vers Pouest a
déterminé Vaflleurement dans plusieurs fenélres, qui

jalonnent la zone axiale de Pantiforme, des éléments

En méme
temps uelgues lambeaux de recouvrement ont été
conservés sur les flanes de Vantiferme. On en ana-
lysera sculement les plos importants, qui onl posé des

inférienrs a la nappe nfrasévérinienne.

probléms, difléremment solutionnés par les différents
auteurs.

Fenélres leclonigucs

La fenétre de Muroniu, située dans la. vallée du
meme noiti, est mise en évidence par les aflleurements
constituds d’une formaltion métapdlitique verdatre,
seiihle jusqu'a ¢'identifier avec la forma-

quiose re
tion dévonienne de la nappe de Riul Hece-Drencova

(Nastaseanu ot al., 1988 a. b).  Ille supporte, sur
les deux versants el en amont dans la vallée, des

teclonisées et
{ins provenant
'Fajurassique de la nappe

mdétapdlites ef métasiltites noires trey

a des Dréguenies houdines de métagres

du comple

supérienr de |
infrasévérimenne.  lin aval par rapport A la fenctre,
les dépots dévoniens se trouvent en contact tectonique
tonjours avec ce cornplexe supérieur, mals cette fois-
¢l par Vintermede dhune faille post-charriage, orientée
NS, avec le compartiment oriental élevé par rapport
a celul occidental.  Cette petite fengfre de Muro-
nin représente Pallleurement le plus sepientrional du
Dévonien de la nappe de Rinl Bece-Drencova, Ce falt
peut suggérer la liason avee la formation de Brus-
tur, Paléorzoique moyen (Taneu et al, 1887), tant du
peint de vue paléoglographique, que structural, par
Pappartenance & la meme unité teclonigque majeure,
La fendtre de Valew Corbuiui se développe an sud
de la fenetre de Muroniu, le long de la vallée de Riul
Lung, entre la vallée de Valea Corbulut au sud ot la
vallée de Cloara Micd au nord. Dans ce sccteur les
dépots dévoniens caractérisés par la lréquence dlevée
des banes métrigues de métaconglomérats grossiers
tufli-
tiques parfois, appartenant a la nappe de Rinl Rece-
Drencova, sont recouvertes tectoniquement par les

en alternance aveco des métagres verdatres,

dépols meésozolyues de o zone de Peneg. Ces derniers
sont bien représentés seulement dans la partie ceciden-
tale de la fenctre o affleurent les deux complexes de
la formation terrigéne inférienve (Jurassique mféricur
ot Jurassique moyen pro parte) qu supporte, en con-
tinuité de sédimentation, par un passage progressif, la
formation volcano-sédimentaire. Nous tenons a men-
tionner que ¢’est pour la premitte fois qu’un plan de
charriage est adimis a la base des dépots éojurassiques
de Riul Lung-Valea Ohaba-Valea Topla (Nastaseanu,

in Nistiseanu et al., 1989 a, b). Dans les travaux
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antéricurs (Boldur, Boldur, in Riileanu ct al., 1959
Krautner et al, 1981; Nistdscanu et al,, 1988 a;

mésozoiques des vallées de Riul Lung, Rinl Alb et
Riul Rece débutent par des conglomérats liasiques dis-
posés transgressivement au-dessus des formations plus
anciennes,
vallée de Riul Lung, la fenétre est Himitée par une
faille verticale récente, le long de laquelle le comparti-
ment occidental est élevé par rapport & celui oriental.
Comme suite, les dépots paléozaiques afflenrant dans
la fenétre viennent en contact direct avec les dépats
pliensbachien-bathoniens (complexe supéricur) de la
nappe infrasévérinienne. Nous devons préciser qu’a la
diflérence des investigateurs antérieurs uous attribuons

Vers Pest, sur le versant gauche de la
7 =3

les dépots paléozoiques au Dévonien élayéds sur la simi-
litude lithofaciale de ceux-ci avee ceux de Drencova,
dont Page Dévonien a éié prouvé paléontologiquerent
(Nastaseanu, Bitoianu, 1970).

La fenétre de Riul Alb-Valea Calina est située au
sud de la précédente. A colé des dépols dévoniens v
aflleureut aussi les lormations métamorphiques sous-
Jacentes qui représentent les formations de socle de
la nappe de Riul Rece-Drencova, Les micaschistes et
les plagiogneiss précambrien supdricurs du socle ap-
paraissent aussi dans la pelite fenctre de la vallde
de DBradu (alluent de la vallée de Ciilina),
dépots dojurassique-médiojurassiques pro parte, qui

[

recouvrent les formations appartenant & la fenélre
de Riul Alb-vallée de Ciliza sont parfois enticrement
développés, avec les denx comiplexes, comme on ob-
serve sur le droit de (Calina
oil se délache un petit synclinal dans le cadre de

versanl la vallée de
la nappe wnfrasévérinienne; d’autres fois ils ont des
développements incoruplets dus & la lamination par-
tielle du complexe inférieur (gréso-conglomératique),
conune par exemple sur le versant gauche de la
vallée de Calina, ou 4 la lamination totale de celui-
ci, telle la vallée de Bradu ot les dépots du com-
plexe supéricur de la formation terrigbue inférieure
(Plienshachien-Bathonien) reposent directement sur
les mélamorphites du Précambrien supérienr.

La fenétre de Deavoia-Riul Rece-Valea Sevastru n'a
plus un contonr trés uet, comme celles situdes plus
au nord, étant donné que 'érosion a entammé plus
profondement la nappe infrasévériniennc le long de la
profongation méridionale et occidentale de Pantiforme.
Ansi, au sud de Riul Rece on rencontre seulament
quelgues lambeaux de recouvrement isolés, constituds
de dépots hettangien 7-sinémuriens. Le long du flanc
oriental de Pantiforrie, en dépit d’une série de com-
plications tectoniques, la nappe infrasévérinienne se
développe constituée surtout du complexe
conglomératicque (Hettangien 7 Sinémmrien) - dés la
vallée de Rinl Rece, vers le sud jusqu’a la vallée de

Lrés0-
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Nijudinu, allfuent de la vallée d’Ohaba (Cornereva),
recouvrant la nappe de Riul Rece-Drencova, la nappe
de Baicu-Sirinia el celle de Presacina.,

Dans une des plus récentes notes (Gherasi, Hano,
1987) les dépots mdésozorques de la zone de Fenes
(valiées de Craiul, Sebes, Cuntu, Borlova, Hova, Ar-
menig-Riul Alb) sont atiribués, sans aucune justifica-
tion valable & des unités tectoniques différentes: nappe
d’Arjana, unité de Muntele Mic et unité de Presacina.
Pourtant une des contributions positives de ces auteurs
est celle considérant que tous les allleurements de gran-
ites du type Muntele Mie, des vallées d’Hova, Armenis
et Riul Lung, appartiennent a des {fenétres.

Nous  considérons s granites et les
métamorphites des fenetres susmentionndes, qui peu-
vent appartenir & la mewe unité danubienne majeure
que les dépots de la fenétre de la vallée de Corbu, sont,
reconvertes par des divers termes stratigraphiques de

que

la nappe frasévérinienne.

Lambeanr de recouviement

Le lambean d"Arjana est le micux contouréd, étant
donné que la formalion voleano-sédimentaire (Juras-
sique) qui renferme de grandes lentilles de caleaires
repose directement au-dessus de la formation de Wild-
[fysch (Sénonien mférieur 7Y de la nappe de Presacina
et supporte les grés d’Arjana {(Sénonien supérieur 7) de
la converture post-autrichienne. Le tambeau reste sus-
pendu sur le sommet d"Arjana el isolé du corps de la
nappe lrasévérinienne qui se développe vers le nord,
dans les vallées de Topla, Zoina, Studena, Ramna, Ca-
mena Seacd, Rl Rece ete,

Lelambeau d’Arjana ne comporte donc pas a la base
des dépots liasiques épais, tel qu’on a considéré dans
le cadre de la nappe d’Arjana de Codarcea (1940).
La [ormation voleano-sédhmentaire qui le caractérise
n'appartieni pas a des olistolites englohés dans los
dépots crétacé supérieurs, lel qu’on a anlérieurement
interprété (Niistiscanu, 1979, mais & un reste de la
nappe infrasévérinienne qui recouvre la formation de
Wildilysch de la nappe de Presacina sous-jacente.

Quant aux grés ' Arjana, considérés antérieurement
{Codarcea, 1940) coimme fiysch néocrétacé allochton
qui rabotait Jes klippes de caleaires, on a déja men-
tlonné que ceux-ci n'appartiennent pas i une nappe,
mals ils recouveent transgressivement les dépats plus
anciens (Nastdseanu, 1967, 1979).  En réalité ils
représentent. une moelasse  post-autrichienne ob on
trouve de grands olistolites de calcaires, provenant de
ta nappe infrasévérinienne. La présence de tels olisto-
lites constitués de roches div meme laciés et du méme
age yue ceux du lambean d’Arjana, prouve le [fait
que eelui-ci a ét¢ transporté avant la mise en place
des nappes sur-jacentes (nappe de Severin et, nappe
gélique).

Les lambeaux de Sucu sont deux petits restes de
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la. nappe infrasévérinienne suspendus sur le haut th-
lief des deux versants de la vallée de Sucu. lls com-
portent seulement des dépots appartenant a la lorma-
tion volcano-sédimentaire et ont &¢ récemment sig-
nalés (Berza, in Conovicl et al,, 1988). Ces lambeanx
recouvrent une formation de Wildllysch (Sénonien
inférieur?), diflérente comme lithofaciés par rapport a
la formation synchrone-et métamorphosée de la nappe
infrasévérinienne. Il s’agit de la formation de Wild-
flysech gqui débute par les bréches de Saua Scheiu-
lul (Néstdscanu, in Conoviel et al, 1988) et recou-
vre transgressivement les conglomérats de Baicu qui
appartiennent & une unité inférieure & la nappe in-
frasévérinienne,

Le lambeau de Lipusnic comporte les conglomérats
de Merila et le reste des dépots mésozoiques surja-
centes (formation de Lapusnic, Gherasi el al., 19806).
Il recauvre Punité de Poiana Marului ot s'est déplacéd
de Taire de seuil de la zone de Feneg, avant la mise
en place des nappes sur-jacentes (nappe de Severin el
nappe gétique) et non pas come unbean de rabolage
a la base de la nappe gétique, 1ol quiil a é6é soupeonné
(Sandulescu, 1984).

Les lambeaux de Brann sont représentés par les
roches carbonatés du versant gauche de la vallée de
Lapugnicul Mic, qui reposent sur la série de Zaicani de
la nappe de Polana Marului.

Les lambeaux de Jiu, en partic signalés antéri-
eurement. {nappe de Valea Jinlui, lancu, 1986), sont
constituds par les dépots de la formation de Schela et
les calcaires surjacents (Manoleseu, 1937). [Is sont re-
couverls en discordance (Nastaseann, 19804) par la for-
mation de Wildflysch (Néocrétaced). n accord avee
Strusievicz, Strusievicr (1986) cf Berza et al., (1688
b) nous avons rennoncé aux nouvelles dénominations
accordées anx dépots hassiques des monts de Vilean
et Parimg, étant donné que celles-ci se trouvent en
synonimie avee la formation de Schela. L'érosion pro-
fonde de la vallée du rinsscau de Valea eu Pegti met
en évidence les dépats de unité inlérieure et divise
la nappe inirasévérinienne en deax lambeaux, Mun
occidental et Taulre oriental. Ce dernier esl mieux
développé et dépasse le confluent des vallées des Jin.
A Touest, aussi bien qu'a lest de celui-ci on peut
aobserver la tectonisation avancée du membre hasal,
surloul conglomératique, de la formation de Schela
partialement bhoudiné el laminé au contacl avec les
formations sous-jacentes. A la différence de Stinoiu
(1982) et Strusievicz (1436) nous considérans la for-
mation de Schela comme allochionne.

Nous devons mentionner que dans la vallée de Jiu,
a Lainici, aussi bien gue dans la vallée de Schela
existent, anssi guelgoes Lunbenux de recouvrement.,
conservés sculement dans Vaxe de certains phis syn-
clinaux renversés, [aillds of partialement chevanehés

par les graniles de l'unité danubienne sous-jacente,
pendant les mouvements alpins tardifs.  On peut
soupgonner que ces mouvements sout dus & la phase
styrienne tardive (7) dont les effets ont été aussi sig-
nalés dans la partie interne des Carpathes Méridionales
(NastAseanu, Maksimovici, 1983). Si on considére
la formation de Schela des monts de Mehedinti
comme allochtone, on arrive & une interprétation que
nous considérons plus plausible concernant 'existence
des deux facies (le facies de Valea Jiului et le
facics de Valea Motrului), des dépots lasiques
(Stanoiu, 1982}, dans le sens qu'ils n'appartiennent
pas a la meme unité paléogéographique et tectonique
{unité de Mehedinti- Retezal), comme on considérait
antérieurement (Stanoeiu, 1973).

Digilations el écailles

La digitation de Driganu a été délimitée par
le chevauchement tracé par Boldur et Boldur {in
Riileanu et al,, 1959), entre les dépots du complexe
grésa-conglomératique  (inférleur) et ceux du com-
plexe argilito-siltique (supéricur), c’est a dire dans
le cadre de la [ormation terrigéne inféricure de la
nappe frasévérinienne.  Les auteurs susmentionnés
considéraient que ce chevauchement représente le char-
riage de la "nappe d’Arjana” le long duquel les dépots
du Jurassique mférieur de 1" "autochton” - Panticlinal
de Magura (Riul Lung-Riul Rece) - étaient recou-
vertes par chevauchement par les dépots jurassique-
On rconsidérait aussi que la formation
voleano-sédimentaire chevauchait le flane occidental de

néocrétaces.

' “anticlinal” de Migura., Alnsi, y apparaissaient des
fenctres (Deavoin otel) confirmées en partie (Gherasi,
Hann, 1987) ou inflirmées en totalité par cette notte.

Suivant Uinterprétation actuelle le charriage de la
vallée de Dirdgann se coutioue vers le sud jusqu’a la
vallée de il Alh seulement. Dans le versant gauche
de eelui-r1, an confluent avee la vallée de Bibilaia il
est recouvert par la transgression des dépots sénoniens
supéricurs.  Au nord de la vallée de Draganu le
chevauchement peut etre encore snivi, mais sur une
petite distance puisque une faille post-nappe, ori-
entée NS, le remplace mettant en contact le complexe
argilito-siltique el celui gréso-conglomératique. (Fest
la meme faille qui marque la limite occidentale de la
lenétre de Muroniu.

Les ceailles de Cuntu se développent sur la créte
située entre les vallées de Cuntu et de Mureniu, Li
on constate la répétition plus de trois fois des con-
glomérats de Ciileanu Mic et du grés de Cuntu, fait qui
détermine épaississerneni exagéré du complexe gréso-
conglomératique  (Hettangion  7-Sinémurien).  Vers
Pest, les éeailles sont Jaminds a la base du charriage de
maniere gque dans la vallée de Bistriga Uhorizon gréso-
conglomératique allleure sous [orme de boudines le
long de Ta limite entre les dépots paléozoiques de Munité
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sous-jacente ot fa formation voleano-sédimentaire de la
nappe infrasévérinienne,

Les éeailles de Chitleanu sont
de Caleann Mic-Caleanu Mare, entre la vallée de
Bistrita et I vallée de Sucu, ol les dépots de la for-
mation terrigene inféricure sonl épaissis ou amineis
tectoniqueinent. et supportent normalement, par un
passage gradud, les dépots de la formation voleano-

situdcs sur la crete

sédimentaire,  Le plan de charringe situé 4 la base
des dépots mésozoiques des vallées de Bistra et de
Sucu a é1é signalé dans une note antéricure (lancu ot
al., TORTY ol les auteurs séparenl une nappe (digita-
tion) de Cileaint ot une nappe {digitation) de Fenes.
La premiére unité comportait sculement la forma-
tion tervigene inférienre, la deuxicme, la formation
voleano-sédimentaire: Nous avons montré gque la for-
mation volecano-sédimentaire débute dans le Jurassique
inféricur par les niveanx a tuflites basiques. Il s'ensuit
qu'on ne peut pas attribuer a des nappes différentes les
dépotls de la meme formation. La limite entre la farma-
Lion terrigene inférienre ot celle voleano-sédimentaire
est marquée parfois par des glissements et des bou-
dinages, nis tant qu’il 0’y a pas des répélitions des
membres stratigraphiques, telles connues dans la digi-
tation de Dreaganu, la distinction de la digitation de
Feneg n'est pas justilice.  Nous devons mentionner
qu’il est néeessaire dadmeltre, dans certains secleurs,
quiune lamination sur place, sans décollement, des
roches situces a la limite entre la formation voleano-
sédimentaire ot celle terrigene inféricure,

Les éeailles de Ruul Mare sout mis en dvidence par
la répétition, le long des plans de chevauchement,
de quelgques membres stratigraphiques des  dépots
mésozolques du lamibeau de Lipusnic.

IMPLICATIONS ECONOMIQUES

La grande diffusion de la nappe infrasévérinienne
dans les Carpathes Méridionales nuplique Uexistence
de nouvelles zoues aaccumulations danthracite. Cetle
allirmation est soutenue de la présence des trois in-
tercalations d’anthracite du tiers supérieur des dépots
heltangien-sinénuriens situés le long du ruisscan de
Riul Lung (village de Plopu).

[analyse chimique d’un échantillon d’anthracite
préleve de Paflleurement de la rive gauche de la vallée
du ruisseau de Riul Lung, vis-a-vis du confluent de
celle-ci avee la vallée de Valea Rugilor, a indiqud les
stivantes caractéristiques: 34,02% cendre & anhydrite
(Aanh); 4927 keal/kg pouvoir calorilique inféricur &
Pépreuve initiale (Q)); 2,71% humidité hygroseopique
(Wh); 64% de la maticre organique et 36% de la
La qualité de Panthracite de
R} Lung est identique A celle de anthracite de

maticre anorganique,

Schela-Garj. selon Popinton du chimiste qui a effectué
Panalyse (lance 1., information verbale).

5. NASTASEANU

Etant dounde la qualité particulierement bonne de
Panthracite analysé, on doit prendre en considération
aussi la quantité.  Les intercalations signalées sont
minees {5 a4 40 cm) mais tres nombrenses sur une
fpaisseur stratigraphique réduite. Ainsi, elles peuvent
etre interprétées conune digitations des couches plus
£paisses.
conditions de début de Paceumulation, conservation et
transformation de lnmaticre organique sur des surlaces
tres ¢lendues dans le cadre de Paire de sédimentation

Les oceurrences stratilormes indiquent les

fojurassique.  Le dégre dlevé du mdétamorphisime
des charbons correspondrail au inctamorphisme des
roches-mere qui ont subi un dynamo-métamorphisime
pendant la mise en place de la nappe infrasévérinicnne.

En englobant  dans Ia infrasévérinienne
tous les dépols liasiques anchimdélamorphiques des
Carpathes Meértdionales  ~ formation de Schela et

ses dquivalents, on a ouverl de larges perspectives

nappe

pour Videntilication de nouvelles zones & accumula-

tions d'anthracites.  Celles-ci peuvent étre situdes
dans les aves d'allleurement des dépots hettangien(?)-
sinémuricns, ainsi que dans les zones recouvertes par

Dans

a beavcoup de chances

ta nappe gétique et/ou la nappe de Severin.
clendue iy
de découvrir, par des prospections glologiques et

une zone sl

géophysiques, des secteurs d’intéret éeonomique, au
moing 'une importance similaire & celui de Schela-
Gorj.
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GRES DE BENIA — POSITION TECTONIQUE, AGE ET CONSIDERATIONS

PALEOGEOGRAPHIQUES (CARPATHES ORIENTALES)
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Key words: Nappes. Digitation. Tectonic wedges. Flysch. Scdimentary basins. Paleo-
geography. Age. Fast Carpathians - External Flysch Zone - Obcina Mare Mountains.

Abstract: The Bena Sandstone - Tectonic Setting, Age and Paleogeographic Comments
{East Carpathians). The Benia Sandstone (sandy fluxoturbiditic flysch) is developed in
the inner subunit (Benia Digitation) of the Audia Nappe. Following the palinological
and micropaleontological assamblages the Benia Sandstone is of Santonian (and Lower
Campanian?) age, being heterochronous with respect 1o the Prisaca Sandstone (similar
sandy flysch of Maastrichtian-Lutetian age) developed in the outern subunit (Prisaca
Digitation) of the same nappe. The paleogeographic-palinspastic picture for Santonian
in the Flysch Zone shows that the Benia Sandstone depositional arca is surrounded by

pelagic lithofacies.

Dans la nappe d’Audia, en Bucovine, on peat dis-
tinguer deux sous-unités: celle externe représentée
par la digitation de Prisaca (lonesi, 1971) et celle
interne que nous distinguons sous le nom de digi-
tation de Benia, suivant le nom des gres nassils
qui y sont développés.
graphiques des deux digitations sont semiblables mals
On y peul reconnattre

Les successions hithostrati-

et partie, hétérochronnes.
la série des schistes noirs crélacéd inféricnre, suivie
dlune séquence a prédominance pélitique, vraconien-
turonienne (Alexandrescn, Sandulescu, 1973; lon et
al., sous presse) dans la digitation interne et vraconien-
maestrichtienne dans Ia digitation externe {Sanduleseu
et al., 1990). Les successions sonl couronndes par des
séquences préseuses. Dans la digitation de Prisaca le
gres portant le meme nom débnte an Macstrichtion
supérieur et monte jusqu'au Lutétien {fonesi, 1971
Sandulescu ev al, 1990). La séquence gréseuse de la
digitation interne fait U'objet de celte note.

Position structurale

Pour les dépots gréseux, massils, qui représentent les
plus jeunes formations de la nappe ’Audia dans les

Carpathes Orientales ronimains, ont été ulilisées des
différentes dénominations comme: grés de Tomnatee
(Athanasiu, 1013, donndes nenpubll), gres de Prisaca
(Bancilg, 1938), ainsi que celle de gres de Prisaca-Siriu
(Baneila, 1958) ou gres de Prisaca-Tomnatee (lonesi,
1971). Ladénomination de gres de Prisaca a é0¢ gardée
pour le flysch Huxeturbifitique. caractérisant la digita-
tion externe de la nappe d"Audia (Sinduleseu el al.,
19490).

digitation interne le flvsch gréseux est plus ancien et

Jes derniers anteurs ont supposé que dans la

ont suggéré qu'il faut v employer une dénomination
différente. Nos recherches ont arvivié i confimer ce
point de vue, Nous adoptons la dénomination de gros
ide Benta pour le fyseh gréscus qui représente los plis

Jeunes formations de Lo dhiznation mterne de fi nappe

d"Audia, en Bucovine, Pour warder les micines eriléres
de nomenclature, a digivation mterne ext désignee sous
le nom de digiiation de Bema connne colle externe ot
nomde smvint e gees de Prisaca,

Dans les Carpathes Orientales nerainions fa digica-
tion de Prisaca (‘rll'I‘l'-:|:flEI(]|" R rﬂgil.]!.i()n de Hku])r)\;;]
et celle de Benia A Lo digitation de Talovitehor, Ta nappe
dAudia étant le correspondant de la nappe de Czer-
nahora (Sandulescu, 1984 (fig. 1).
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g, | Fastpiase tectonigque de corrdiation entre les
nappes d'Audia et de Crernachora. 1, nappe d Audia
{=nappe de Czernachora): a, digitation de Benia {(=«i-
gitation de Jalovitchor); b, digitation de Prisaca (=digita-
tion de Skupowva); 2, nappe du Flysch Courbicortical; 3,

nappe de Tarciu.

Le gres de Benia aflleure dans trois écailles de la di-
gitation du méme nom (fig. 2) le long des ruisseaux de
Benia, Sulifa a Uest de la localité de lzvoarele Sucevei,
ainsi que le long des tributaires de la riviere de Suceava.

Age

Le long de la vallée de Benia, dans deux écailles sne-
cessives comportant.du grés de Benia, ont é1é excéeutés
des échantillonnages dans les inlercalations pélitiques
de ceux-ci.

L’association micropaléontologique qui y a éLé
trouvée est homogéne el comporte
Bathisiphon brosget TAPPAN, Rhabdaminina sp., Den-
drophyra excelsa GRZYBOWSKI, Psanunosphacra fusca
SCHULZS, Ammodiscus crclacens (REUSS), Hormosina
ovuhom  GEROCH,  Parelrochammaneides  irregulures
WHITE, Haplophragmoides herbichi NEAGU, Thalman-
WML [ NEAGLU & TOCORJESCU,
Thalmannwimmina recurvoldiformis NEAGU & TOCOR-
JESCU, Plecting coniformis GEROCH en association,
ainst que des fragments appartenanl avee certitude a

les  especes:

meandertornala

la sous-cspice Hormosina ovalum giganica GEROCH.
Les especes de Thelmannananina susmentionndes,
indiquent le Turonien supérienr, mais les [ragments
de ovulum gqigantea
d’attribuer les niveaux dudids A Dintervalle Turonien-

Hormosina nous  déterminent

Santonien, toul au plus jusqu'a la base du Campanien.
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[.’associalion palynologique trouvée dans le gres de
Henda est dgalement homaogene. Elle renferme des di-
naflagellés, moins nombreux que la microllore conti-
nentale, #ant représentée surtout par le pollen du
aronupe Normapolles PRLUG, 1953,
dinollagellés identifiés sont:
Chalangiella sp., {espéce sans cingulum, a periar-
chacopyle de type | "omegaform” el endoarchacopyle
de type 31 = archaeopyle de type 1/31), fsabelidzum cf.
micronrinum (MC INTYRE) LENTIN & WILLIAMS, 1977,
Odontochiting operculuta (0. WETZLL) DEFLANDRE &
COOKSON, 1955, Spiniferiles sp., Dinegymnium spp.
{especes non identifices).

Les Alterbia sp.,

La microflore continentale camporte: Oculopollis or-
heularis GOCZAN, 19647, Oculopollis ol acsthelicus
WEYLAND & KRIEGER, 1953, Oculopollis cf. orbicu-
luris GOCZAN, 19647, Qculopollis cf. crtensus WEY-
LAND & KRIBGER, 1953, Qculepollis spp. {especes non
dentifiées), Kriegeripollenites hemiperfectus (PFLUG)
KEDVES & HERNGREEN, 1980, Rriegeripolleniles spp.
{espoces non identifiées), Trudepollissp. <[ T. cf. par-
rotrudens PFLUG, 1953, Trudopollis spp., Suemneghipol-
s triangularis GOCZAN, 1964, Semioculopollis minu-
lus W. KR. & PACLTOVA, dans GOCZAN et al., 19067,
Hofkeripolleniles spp., Complexropollis cf.  funrculus
TscHUDY, 1973, Complexiopollis sp., Pscudoplicapol-
lis endocuspis TSCHUDY, 1975, Pscudoplicapollis sp.,
Plicapollis sp., Sublriperopollenites sp., Inlerporopol-
leniles sp., Normapolles (divers Lypes non identifiés),
Lilwacudites sp.

Beaucoup de genres ol d'espéces trouvés dans
I'association n’ont pas été identifiés jusqu’a présent.
Pourtant 'age mdiqué Passociation est [orl
probablement compris dans Dintervalle Santonien-
Campanien inférienr.

par

Iin effet, la présence du Co-
niacien est exclue & cause Jdu: (1) mangue des Vae-
wopollis,  Fanscheripollis. Allentopollis, Megairiopol-
les, qui, avee les Cowmpleriopollis forment le paly-
nolacies du Coniacien de la Dépression Gétique (&
macrofaune, conpes de Codrie-Cheia-Olanesti el Vasi-
latu), qui est en ftude (Antonescu in Jana lon el
al,, 1987, données nonpuhl) et (2) la présence de
Sumeghipollis triangularis qui débute an Santouien.
Le Maestrichtion et

également & éliminer, les dinoflagellés et le pollen ca-

le Campanien supérieur sont.

ractéristiques de ces étages ((ﬁ'{‘r‘uiéup.w's dicheli (Al-
BERT1) VOZZHENNIKOVA, 1967, Dimogymnium  eu-
claense COOK. & GIS,, 1970, Pscudopaptlopollis prae-
sublercymicus (GOCKAN) GOCZAN, 1964, manquant
cgalement de Vassociation. 1 semble que la présence,
tres rare, du genre Subtriporolicnites, qui débute en
Roumanie au Campanien supéricar ev de fsobelidmium
el mieroaripum (espeee conlérée seulement, ayant une
répartition du Campanien au Maestrichtien), font pos-
sible la présence, an moins, du Campanien inférienr
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Fasquisse géologique de L segon de Benda, Nappe 4 Awdias 1 formation seliisteuse:

2, gros siliceux glanconicux; 4, argiles barriolés et walites; 4, gres de Benia, nappe do Flyseh

Courbicortical; 5, série du Flysch Courbicortical.

dans lassociation.

La microflore identifiée dans le gres de Benia indigue
done Pintervalle stratigraphique compris entre le San-
tonien et le Campanien iulérieur, sans pouvoir faire

plus de précisions.

En comparant les donuées obtenues par la micro-
faune et la microflore, le grés de Benia peut étre con-

sénonien mlérieur (Santonien).  Ftanl

stdéré age
limité & sa partic supéricure par des contacts iec-
toniques, il n'est pas exclus que le grés de Benia monte
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dans d’autres regions jusqu’au Sénonien supéricur et
meme jusqu’au Paléocéne, tenant compte du fait que,
méme dans les coupes étudiées le Campanien inféricur
peut étre déja présent,.

Considérations paléogéographiques

Nous allons examiner, dans un cadre plus général, Ia
paléogéographie du Sénonien inférieur dans la nappe
d’Audia, mais aussi dans les unités plus externes ol
plus internes que celle-ci, notamment les nappes de
Tarcau et des plis marginaux (extérieur) el la nappe
du Flysch Courbicortical (intérieur).

Suivant les corrélations qu’on peut [aire au nivcau
du Sénonien inférieur dans les nappes d’Audia, de
Tarciu et des plis marginaux (fig. 3), au nord de la
vallée de Bistrita, on arrive a réaliser que:

- le seul lithofaciés de flysch (gréseux fluxoturbidi-
tique) y est représenté par le grés de Benia, qui a la
position la plus interne et une source de matériel ¢las-
tique situé vers 'ouest;

..... o
(3 )
,,,,, fed
A\ SRS -
N e
..... . . 12
o e
\ . . . o
i |
o
; L 2
200 oo o
: ————— Argiles et marnes grisdtres
Argiles bariolees
o o
a
o - Grés glauconitiques
A
s
o
Argiles barioldes g
Grés glouconitiques
e

Fig: 3 Corrdlation des sucedssions stradigraphygues

des digitations <de Bema et de Prisaca.

- & Pexterieur de celui-ct se développent des litho-
facies pélagiques représentés par des marnes sil-
teux sombres (Ionesi et al., 1967, données nonpubi,;
Sandulescu et al., 1990) dans la digitation de Prisaca,
ou par des marnocalcaires (la partie supérieure des
couches de Lupchianu = marnocalcaires barriolés, Ton
el al., sous presse) dans la nappe de Tarciu;

- les lithofaciés pélagiques sont pratiquement
dépourvus d’apports clastiques;

- le plus externe lithofacies de la nappe des plis
marginaux, les couches de Lepsa, & marnocalcaires ot

M. SANDULESCU et al.

grés, est le seul qui regoit du détritus provenant de
I’avant-pays, marqué par les clastes de "schistes verts”.

On arrive ainsi & pouvoir reconstituer un bassin
palinspastique de sédimentation (fig. 4) dont la plus
grande partie est caractérisée par des dépots pélagiques
et seulement sur Jes denx bords, surtoul celle inierne,
par des apporis détritiques.
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isepisse paléogéographyque-palinspastique

Er B

g, 4
du Sénonien inféricar (Santonien) dans la partie
sepltentrionale des Carpathes Orientales roumains. 1,
flysch fluxotwrbiditique (grés de Benia-B); 2, faciés
& couches rouges; 3, faciés argilo-marneux; 4, faciés
marnocalcaire (formalions de Lupchianu ct de Bota-
LB, faciés marnocalcaire-detritique (formation de
Lepsa-L); FC, nappe du Flysch Courbicortical; AD,
nappe d’Audia; Te¢, nappe de Tarciu; CM et 8C,
nappes des plis marginaux et Subcarpathique.

Dans les unités plus inlernes que la nappe d’Audia
et sur la transversale de la Bucovine (dans la zone
de flysch) on ne connait pas des formations sénonien
inféricures, Tl faut se rapporter aux régions situées
au sud de la vallée de Bistrita (massif de Ceahliu)
pour trouver au-dessus de la série du Flysch Courbicor-
ueal (qui monte jusqu’an Cénomanien — Anlonescu,
Siandulescu, 1984) un flysch gréseux (grés de Nea-
gra Micd) (Sandualescu, 1990) dont I'age touranien
est. prouvé par des donndes palynologiques (An-
tonescu - données nédites), mais qu'on peut supposer
aussi d’age sénonien nférieur (par des corrélations
régionales).  L'absence de ce flysch gréseux dans la
nappe du flysch courbicortical, en Bucovine, peut étre
expliquée par I’érosion. S1 on accepte ceile hypothése
et on accepte également que le flyseh gréseux monte
Jusquw’au Sénonien inféricur, on trouvera un équivalent
interne arémtigue du gres de Benia. Alnsi, la source
du matériel arénitique serail plus interne que la zone
de sédimentation de la nappe du Flysch Courbicortical
dans la zone eristallino-mésozoique déja structurde au
Crétacé moyen, plus probablement dans la cordiliére
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périmoldavienne (Sandulescu, 1984), pas encore recou-
verte par le charriage de la nappe de Ceahliu (intra-
Sénonien supérieur). Il faut préciser que ce modéle
n'est pas valable au sud de la vallée de Bicaz ol les
lithofaciés du Sénonien inférieur présents dans la nappe
du Flysch Courbicortical sont différents.

La proximité entre les lithofacies arénitique (gres
de Benia) et pélagique (mmarnes sombres)
la nappe d’Audia, sans transitions intermnédiaires,
peut éventuellement constituer un argument pour
Pimportance du chévauchement de la digitation de
Benia par rapport & celle de Prisaca. Du point de
vue paléogéographique (palinspastique), ce passage,
qu’on suppose brusque, d'une sédimentation luxotur-
biditique & une sédimentation pélagique peut étre ex-
pliqué éventuellement par:

- le transport longitudinal du matériel arénitique;

- la position élevée de la zone de sédimentation
pélagique par rapport 4 la fosse subsidente du flysch
gréseux (gardant des profondeurs asses accusdes);

~ la disparition tectonique des faciés de transition,
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Planche I

Eléments de Ta microflore du Grés de Benia.

Santonien - Campanien infériear

.1 - Chatangiclla sp. A. (Espéce sans cingalum et avee archacopyle de type 1/31).

Lame 3A208/6; 124,9/60,1; 1400; 3A4T.

Chatangiella sp. A. (Bspéce sans cingulum et avec archaeopyle de type 1/31).
Lame 3AZ08/101; 118,8/45: 1325 [ 3A46.

Suemeghipollis triangularis GOCZAN, 1964,

Lame 3A47/6;: 114/56.9; 18, f. 3A47,

~ Suemceghipollis triangularis GOCLAN, 1964,

Lame 3AL98/107; 114,2/55 4; 203 £, 3A4T.

Isabelidintum of. microarmum McINTYRE) LENTIN & WILLIAMS, 1977.

Lame 3AT98/4; 117,1/49; 11805 £ 3A47.

Hofkeripoileniles sp.

Lame 3AT98/103; 116/52,5; 204 I 3A48.

Nricgeripollonites hemiperfectus (PFLUG) KEDVES & HERNGREEN, 1980.

Lame 3A 108/104; 123,8/41,7; 335, 1. BA4T.

Isabelidinium ol microwrmum (McINTYRE) LENTIN & WILLIAMS, (977 (exemplaire déformé).
Lame 3A198/103; 114,5/43,8; 231 [0 3A47.

- Dinegymniwnm sp.

Lame 3A208/103; 120,9/54; 38 [0 3A48.
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Planche T1

Eléments de Ja microllore du Grés de Bema.

Santonien - Campamen inférieny

IMig. 1 = Oculopolirs sp.
Lame 3A208/101; 114,2/51,5; 284 . 3A48.

[Fig. 2 ~ Qculopollis of. extenses WEYLAND & KRIEGER, 1953,
Lame 3A198/4; 124,5/52; 30p; {. 3A48,

Fig. 3 - Semiveulopollis minutus W, KIL. & PACLTOVA, 1967.
Lame 3A208/102; 113,9/57.9; 184 [, 3A48.

Rig. 1 - Oculopellis arbicularis GOCAAN, 1964.
Lame 3A 185/103; 107,2/56,5; 2845 [ 3A47,

Fig, 5 - Hofkeripolleniles sp.
Lame 3A193/10; 112/60,2; 35,0; [ 3A48.

Fig. 6 - Ariegeripolionilos sp.

Lame 3A198/103; 127/59,5; 215 f. 3AA8.

Huofkeripollenites sp.

Lame 3A198/10; 112/60,2; 35 [ 3A48.

Fig. 8« Complexivopollis sp.

: Lame 3A208/103; 122/64.5; 27p; f. 3A48.

Fig. 9 - Complexiopollis cf. funicalus TSCHUDY, 1973,
Lame 3A203/101; 126,1/58,8; 28n; . 3A48.

Tig. 10 - Pscadoplicepollis endecuspis TSCHUDY, 1975.
Lame 3A208/102; 124/58.2; 18u; {. 3A48.

I'ig. 11 — Plicapellis sp.
Lane 3A198/103; 112/47.2; 1845 . 3A48.

[Fig. 12 - Subiviporopollenites sp.
Lame 34 198/4: 124,5/52; 28w £, 3A48.

Fig. 7




Rom. J. Tect. & Reg.

(eol, 1993, i5, » 9195

REMARKS UPON THE CLEAVAGE OF SEDIMENTARY DEPOSITS TN THE
BASINS OF THE FINIS AND SEASA VALLEYS - THE CODRU-MOMA MTS
(NORTHERN APUSENI MTS)
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Institutul de Geologic gi Geofizicd. Str. Caranscheg 1,

78344 Bucuresti 32.
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Abstract: In the area between Crisul Negru River and Seasa Valley the Middle Triassic-
Neocomian deposits (especially Lhe ones containing more pelites) are frequently affected

by cleavage. The present paper mainly aims at describing the ways the cleavage develops

as against the stratification planes, the rock type, the cleavage variation from one layer

to another, as well as a briel analysis of the relationships between ihe position of the

cleavage and the structure of the area.

INTRODUGTION

Most Middle-Neocomian Triassic deposits that crop
out between Crisul Negru and Seasa Valley present

secondary cleavage planes. The cleavage is more in-.

tense and, therelore, more visible, in lormations con-
taining a higher quantity of pelitic racks of different
competence.
centred upon these lormations, namely the Rosia For-
malion (Anisian-Norian), the Codra Formation (No-
rian), the Carpathian Kenper Formation (Rhaetian).
the Pontu Lormation [Rhaectian-Plicnsbachian) and
the Valea Mare Formation (Oxfordian-Neocomianj.

Clonsequently, our remarks have been

The used map, as well as the stratigraphical data cor-
respond to those in the published papers (Bleahu ot
al., 1931, 1984; Stefinescu ot al., 14985).

In the outerops of these Torimations both the primary
stratification planes and the secondary mechanic ones
of the cleavage are visible, thus being possible 1o ex-
amine the spatial relations between them,

We have made this paper in a descriptive manner
because we consider that the pointing out of soine of
these relations in deposits that remained i an carly
stage of physical transformations could be interest-
ing for the analysis of more intensely metamorphosed
rocks too. We mention that our altempts at wterpre-
tation, based on the papers by Ramsay (1907), Sid-
dans (1972), Ramsay and Huber (1983), Hobbes et al.
(1976}, have a preliminary characier.

PRIMARY DATA AND THEIR INTERPRETATION

Within the study area, all types of rocks display
secondary planes of discontinuity, which we will mark
by an "S;", different from the primary stratification,
marked by an "Sa". As the cleavage s more frequent
and obvicus in the pelitic rocks and more rarely, in
arenite and carbonate ones, measurenments were car-
ricd out especially on the rocks of the Carpathian
{Rhactian] Keuper Formation in the Armanu and
Seasa units,
Formation (Oxlordian-Neocomian) representing their

as well as on those of the Valea Mare

CONTMON COVer.
For the sake ol systematization we shall examine the
ablained dati separately, according 1o the parametres

taken inmo account.

1. Position of the cleavage in one layer

The dircetion of Lhe cleavage geuerally varies fron
outerop Lo outerop. possibly being parallel to thal of
the layer or making different angles with it

In order to obtain images as true to reality as pos-
sibile, the examination of the attitnde of the cleavage
irace has been especially in outerops whose surlaces
have a position close to a perpendicular plane on that
of the eleavage.

Comparing ihe dippig of the cleavage s layer
with that in the neighbouring layers, one can lind that
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this is not always the same, but it varies from one layer
to another according to the rock type.
Simply by examining the outcrops one ean notice
“that, irrespective of the relationships between the di-
rection of the layers and that of the cleavage, the dip-
ping of its trace presents two different aspects:
- it is constant along the whole thickness of the layer
(Fig. la);
- it is variable within one and the same layer (I"ig,.
“1b); in this case the variation may he simple (Fig. 1h)
or double (g, 1c).

Iig. | Variation of the cleavage deviation in the
layer.
a, constant variation; b, simple variation; ¢, double

variation.

2. The variation of the cleavage according to

the rock type

Comparing the dipping of the cleavage trace in a cer-
tain layer with that of the neighbouring layers one can
notice that usually, it is not constant, but it varies from
one layer Lo another aceording to the rock type. Even
‘more, not only the dipping, but also the direction ol
the cleavage varies [rom one layer to another. In order
to be sure (Lo the extent that can be possible) that the
mentioned variations are generated by an effort with
a unique orientation, al least in one given point, the
analysis of these relationships was individually made
for cach outerop,

The constant dipping of the cleavage is found in the
layers of rocks having the same composition along their
entire thickness, be they sandstones, marls (the Valea
Mare Formation) or limestones (the Valea Mare For-
mation, the Carpathian Keuper Formation, the Rogia
Formation}. It is worth mentioning that the value of
the angle varies too, being higher in limestones and
sandstones or lower in pelites.

The variable bending can be exemplified, m the
first place, by the well-known changing of the cleav-
age banding in graded sandstones (Fig. 2a). Thus,
some sandstones in the Valea Mare Formation present
a cleavage with large dipping at the basis of sandstones
and smaller, towards the upper part of the layer; as
the grain size decreases and the qnantity of clayey ma-
trix increases. In this case the manner in which the

cleavage is disposcd can be used also as a eriterion of

establishing the polarity of a sequence.

Qe can notice a stiilar situaiion also in the case of

certamn warf layers o the Valea Mare Formation. in
the case of these rocks the value of the dipping angle
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decreases [rom the lower part of the layer to the upper
part, as it is enriched in clay.

[n both mentioned cases, the changing of the dipping
angle is usually accompanied by the changing of its di-
rection. We mention that the changing of the cleavage
direction is usually done by deviation towards the di-
rection of the stratification having values between 10°
and 30Y (Fig. 3B).

I'ig. 2 Variation of the cleavage according to the
rock Lype.

a, gracled sandstone (\’;ﬂ<3a Mare Formalion, I"inig Val-
ley )i b, dolomitic limestone (Carpathian Keuper For-
mation, Seasa Valley). :

More unusual aspects have been remarked m cer-
tain red marly limestones and white-yellowish dolomite
limestones m the Keuper Formation. These rocks have
a symmetrical chemical composition, having a maxi-
mum enrichment of carbonates in the central part of
the layer, a fact that causes the angle of the cleavage
bending to be smaller at the upper and lower parts
than at the central part of the layer (Fig. 2b, 3C). A
similar geometrical effect can exist also in an oblique
plane against the Sy direction, resnlted from the vari-
ation of the apparent bending (Frg. 4d).

[t is here the case to point out that in rocks with a
similar camposition there was no marked changing of
the cleavage dipping according Lo Lhe thickness of the
layers (Fig. 3A).

3. The cleavage variation from one layer to
another

The succession of the layers with different atlitudes
of the cleavage lead to the appearance of certain par-
ticular aspects (Tig. 4).

Thus, in the outcrops more or less perpendicular to
the cleavage direction, in the rocks with a constant
composition for every layer there takes place the phe-
nomenon known i the geological literature as the re-
fraction of cleavage schistosity (Fig. 4a). 1t was rec-
ognized especially it the deposits of the Valea Mare
Formation.

Ouly v one case, nmnely in the Valea Mare Forma-
Lion that crops out in the road on the left side of the
Pontu valley, 1t was possible to recognize typical mul-
lion structures (Fig. 4b), tdentical with those fizured
by Ramsay (1967, 1g. 7-46).
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IYig. 3 - Diagrams with the relationships hetween the cleavage deviation and the thickness of the .
layers (A), as well as between the position of the layer and that of the cleavage (B, C).

A, B, Valea Mare Formation, Pontu Valley; ¢, Carpathian Keuper Formation, Seasa Valley; ASq,

direction of stratification; [1Sg, polar plotting ol the layer; ASy, cleavage direction in a certain layer

{AS{. .’_\S%) measured at the lower (1), middle {m) and upper {u) part of the layer; 1S, polar

plotting of the cleavage planes.

3 w3

3

w

Fig. 4 - Cleavage variation [rom one layer to an-

other,

a, cleavage refraction (Valea Mare Formation,
right tributary of the of the Finig Valley); b, mul-
lion (Valea Mare [Formation, lefl side of the Pontu
Valley): ¢, deviation of the stratification plane
(Carpathian Keuper Formation, Armanu Valley);
d, cleavage undulation {Rosia Formation, Pinu
Valley springs); m, marl; me, marly limestones;
¢, limestone; sv, violaceous schists.

A particular case of the cleavage variation from one
layer to another was remarked within the Rosia For-
mation which cropg out on the right side of the Valea
Pinului springs, where along several metres it is made
up of an alternation of fine limestones and marly lime-
slones with a gradual passing from one layer to an-
other. This sequence 15 affected by an advanced cleav-
age (Fig. 4d), sometimes even reaching transposition,
which 1s developing according to the pattern in Fig.
lc. It causes the false impression of some microfolds
of the §; planes, more or less symmetrical, when in
fact there is an undulatory variation of the cleavages
accarding to lithology.

Finally, it is worth mentioning that sometimes the
movement on the schistosity planes is so greal that it
causes the shifting of the more competent layers. An
example for this is offered by the Carpathian Keuper
Formation in Armanul Valley (Fig. 4c), where an in-
tercalated sandstone in the violet schists is shifted in
several places. It is worlh pointing out that the break-
ing up of the sandstone is made according to the posi-
tion of the cleavage in the sandstone, not according to
that in the violet schists. Also in this case a refraction
of the cleavage can be noticed, but this time it is on
a horizontal plane, being determined by the changing
of the cleavage direction, not by the variation of the
angle of its bending.
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4. The relationships between the cleavage and
the structure of the area

In the Dumbravita de Codru-Briteoaia arca, where
schistosilies were measured, the general direction of
the structure is NNE-SSW. With some local excep-
tions, it is underlined both by the direcltions af the
layers and by those of the limits between the forma-
lions.

Concerning the cleavage, it 1s worth mentioning that
il presents different directions that can be grouped into
three sections, as it follows: a northern section, he-
tween Dumbrivita de Codru and Bujoru Valley, wher

the cleavage direction is on the average north-south
presenting deviations Lowards east or west by 10%-20".
a central section, between Bujoru Valley and Richitii
Valley, where the cleavage direction is orientated nortl
45%--50° cast, on the average, a section lying south of
Rachitii Valley, where the cleavage directions vary be-
tween north 15° cast and east 15 west (Fig. 5).

The measurements carried out show very clearly
that within all three seetions, the cleavage directions
are different [rom those of 1he stratification in most
cases, We point out again that, even more, the schis-
tosity direction varies within the same layer.

Knowing that the planes of mechanic discontinuiny
are the result of a force that was driven perpendicularly
on their direction one could reach the hypothesis that
for cach orientation of Lhe cleavage planes (S)) there
was a different compression force, wiich had possibly
been driven in different stages. The hypothesis cannot
be maintained by any means by the observation data
that show that in a given outcrop the position of §,
practically varies [rom one layer to another, the direc-
tion of a cleavage lying in a layer is nol recognized in
the neighbouring layers that have a different composi-
tion. Therefore, it seems rather clear that far all the
cleavage directions in the same bulk of rocks {that ob
viously underwent only one deformation accompanicd
by cleavage), the effort that generated them had only
one general direction.

Although the orientation of the effort must have
been constant, at least {or the same sequence, the de-
formations took place alter discontinuity planes with
different oriemations.  As a temporary solution, we
suppaose that this differentiation was conditioned by
inner causes of the layer, that can have a closeness
reaching even the mitial way of disposing the conmpo-
nent particles or even up to the erystallization system
ol the component munerals of the rocks undergoing ef-
fort. '

The values of the bendiug of the Sy planes vary
Bui
there 15 a very instructive profile in the Valea Mare
Tithonian-Neocomian deposits in the Luncinni Val-
ley, where the discussed values start from [10%-20% and

quite nmuich, but generally they are uneer 45",

M. STEFANESCU et al.

gradﬁa]ly reach the vertical line, then decreasing again,
but this time with an eastern vergence (Fig. 5). But
the variation of the angles of the S planes also corre-
sponds Lo the changing ol the position of the Sy planes,
which in the lower course of the Lunciani Valley are
dipping castwards, and then as they go up towards
its upper course Lhiey grow up to the vertical position,
and finally dip westwards, but in an overturned posi-
tion. We consider that this situation is due to the fact
that the area west ol the Finig Valley underwent an

unportant folding also alter the eleavage had formed.

(I NN s
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Fig. 5 Tectonic sketeh of the zone hetwedn the Crigul
Negru and Moneasa valleys,

1, Neogene and Quaternary deposits; 2, Moma Nappe;
3, Dieva Nappe; 4, Rhaeclian-Liassic and Upper
Jurassic-Neocomian deposits; 5, Seasa Nappe; 6, Ar-
wanu Unity 7, Dumbriivita Unit; 8, geological hound-
ary: 9, fault; 10, thrast limit; 11, boundaries between
the sectors 1, 1 and 111 with preferential directions of
the cleavage. *

Taking into account the directions of S;, measured
in the tocks of similar coniposition fespecially 1 the
Valea Mare Formation) one ean state that for the
northerne and southern sections of the study area, the
stress had the same orientation. Instead, for the cen-
tral section the forming of S with the N 530% 1 dicee-
tion canmot be explained any longer by a stress having
the same orieniation as the other two sections. [ere
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we must admit a redistribution of the stress due to
a Jocal cause, which totally hypothetically could have
been represented by the Bujoru lault, provided that
the latter should have been formed at the same time
or a little before the cleavage appeared.

Almost all the formations in the discussed arca
present a cleavage.
crease as the deposits fit for forming the cleavage are
newer and closer to the thrust plane of the Dieva
Nappe (Fig. 6).
with soine local exceplions, western and north-western
vergences, lhus entering on the bending under the
mentioned thrust plane, with which it Is subparallel.

Its ocecurrence and intensity in-

Even mere, the cleavage presents,

Additionally, it is worlh mentioning also the fact that
the cleavage directions arc also parallel with the gen-
eral direction of the trace of Dieva Nappe plane, in-
cluding the "aberrant” ones in the central section {Fig.
6, section I1) with deviation corresponding to the can-
tour of the small nappe front in Rosu Hill

Taking into account all these data, in our opinion,
the whole cleavage Lhat aflects the Middle Triassic-
Neocomian deposits in the Seasa and Finig nappes,
was formed synchronously with the throst ol the Dieva
Nappe over the previously mentioned units.

Confluence with
Finig Vatley

250 500m

Contluence

Frg. 6 Stplilied section through the Valea Mare Formation

in the Lunciani Valley.
a, cleavage; b, layer with normal pesition; ¢, layer with over-
turned position.

5. Conclusions

Because the surface on which the observations were
made was relavively small and their distribution was
ununiforim, it was not possible to reach a forming pat-
tern for the whole research area. [nstead, the observa-
tions pointed out certain characteristic aspects of the
cleavage. Even more, the information obtaived from
studying the cleavage, associated with those oflered by
the geological maps, led to certain structural conclu-
sions too.

Whalt has been described makes us conclude that
the spatial position of the § planes depends on several
factors, but first of all, on rock types and the spatial
distribution of the compression force. In order o ex-
plain the various observation data regarding the spatial

distribution of the cleavage planes we have considered
that they were formed at the same time with the em-
placement of the Dieva Nappe. Additionally, the con-
vergent upward disposition of the very §; planes (Fig.
5) clearly points out the forming of a folding also after
the cleavage had been formed and implicitly, after the
emplacement of the Dieva Nappe.

At the end of the paper we remind that the un-
spoken goal for starting the researchies concerning the
schistosity was to determine the shilting direction of
But
we have to underline that it was not reached because
ol the difficulties to remake a force with a unique diree-
tion for the great variety of §; direclions. Successively
mediating rock types one can assert that the compres-

the nappes overthrusting the foliated deposits.

sion force relaled to the preseni cardinal points was
driven lollowing an E-W or ESE-WNW direction. This
idea stresses the point made by M. Bleahu (1976), ac-
cording 1o which the relative shifting movement of the

Lodru system nappes during the Austrian stage was

from west castwards.
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