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MINERALOGIE

- PIETRE SEMIPRETIOASE $I DECORATIVE DIN ROMANIA
(DATE GEOLOGICE DE EVALUARE PRELIMINARA)!

DE

CORINA GHIURCA ? VIRGIL GHIURCA 2, CONSTANTINA FULGA 3,
VASILE FULGA?3

Gems. Nomenclature. Gemologic potential. Petrogenetic provinces. Decorative
rocks,

Abstraet

Gems and Decorative Rocks from Romania (Geo~
logical Data and Prelimimary Estimatiomn). Some basic
ideas of nomenclature Wwere specified at the beginning wof this paper and the
history of gems survey and processing in Romania was stated. A preliminary
estimation and prospects of main petrogenetic provinces concerning the gemologic
potential of Romania were pointed out. Some recommendations concerning the
exploration, exploitation and gems processing were given and. suggestions about
a rational survey plan for gems use in technology and jewelry were made.

Introducere

Pietrele pretioase, semipretioase §i decorative, atit de solicitate de
tehnica si arte modernd, au intrat de curind in optica de cercetare a
geologiei de la noi din tard, obtinindu-se in acest sens unele rezultate
imbucuratoare, care amplificate in viitor, vor putea permite satisfa-
cerea necesitatilor tehnice si artistice.

Prospectarea, explorarea §i walorificarea pietrelor pretioase, semi-
pretioase si decorative, geneza si raspindirea acestora in diferite for-
matiuni geologice, constituie un nou domeniu de aplicare pracrtlcé a
cercetdrilor geologice de la noi.

1 Depusi la 6 aprilie 1981, acceptatd pentru comunicare si publicare la
8 aprilie 1981, comunicatd in sedinfa din 15 aprilie 1981 organizati la Baia Mare
in colaborare cu IPEG ,,Maramures“.

2 Universitatea ,,Babes-Bolyai“, Catedra d‘e Geologie-Mineralogie, str. Kogal-
niceanu nr. 1, Cluj-Napoca.

3 IPEG , Maramures® str. Victoriei nr. 14¥i Baia Mare,
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In prezent se contureazi din ce in ce mai mult tendinta in eco-
nomia tarilor cu resurse limitate, ca din materii prime cu volwm mic
insd de calitate superioard si se realizeze bunuri in care si fie Investite
multd muncd de mare finete, inteligentd si artd, ce le conferd acestora
0 mare valoare de circulatie.

Punerea in circuitul economic a acestor noi resurse rare de ma-
terii prime, ridicd o serie de probleme de metodologia cercetdrii geolo-
gice, de terminologie si clasificare, de valorificare, prelucrare si de pro-
tectie a acestor minerale valoroase dar limitate ca mezerve,

‘Deoarece in literatura noastré terminologia- specificd acestm dome-
niu este de multe ori neclard sau- amblgua vom -incerca s# -precizidm

continutul unor notiuni, mai ales ci ele pot avea uneori, in afarad de
sensul geologic si unul leglslatlv

Pietreler pretioase, semipretioase si decorative formeazd obiectul
unui capitol sau al unei ramuri a mineralogiei ce poartd numele de
Gemologie.

Gemele sint minerale — in majoritatea lor cristalizate ce pot fi
utilizate ca podoabe sau decoratiuni, caracterizate prim insusiri estetice
si fizice cum sint: culoarea, luciul, scinteierea, iransparenta —- forma,
duritatea, rezistenta, care odatd tdiate, lustruite sau montate permit o
conservare a acestor insusiri estetice. Sublinliem c& valoarea lor ridicata
nu se datoreazd numai raritdtii si frumusetii lor, ¢i ea este imprimata
indeosebi de munca artisticd de inaltd fmete mglobata n ele.

*Gemologia “este stiinta care se ocupd cu determmapea naturii
gemelor, "a- genezei, clasificérii si protectiei lor’ fata de tendintele de
acaparare (tezaurizare) a acestor valori materiale, care nu se reproduc,
sint’ In numarn‘lumtat si trebuie ca atare pastrabe si pentru generatiile.
urmitoare. Gemologiei ii revine si sarcina de identificare, autentificare
si de expertizd a.pietrelor pretioase, semipretioase si- decorative.

Conform nomenclaturii adoptate de conventiile intem‘ia’;ionale 4
gemele se impart in mod uzual in : 1, pietre preticase; 2, pietre fine
sau semipretioase ; 3, pietre decorative sau ornamentale.

Conform definitiel date de acéleasi’ conventii internationale, pie-
trele pretioase, fine si decorative sint minerale sau agregate de minerale
si roci, formate:In zdciminte naturale, fird interventia 'omului. Ca atare
pietrele pretioasesintetice nu. pot: fi incadrate in-icdtegoriile de mai’
sus 'si-ele trebuie sd poarte in modvobhgatomu denumirea de smte‘mc
artificial sau imitafie. 5 7 4 4

1. Pietrele pretioase, cuprind specii mmerale neal“oerabﬂe transs
parente, foarte greu fuzibile, ce au 'duritates egald sau superioard valorii
de 8 in secara lui Mohs. Aceastd denumire este rezervati doar pentru :
diamant, rubin, safir si smaragd si dupd unele pireri si- ‘topazului si:
unor varietd{i de acvamarin. Greutatea si valoarea lor..se evalueazi in
carate (1 carat = 0 2053 gr) $1 sint Intotdeauna prelucrate pran procedee
de fatetare. : )

2. Pietrelé fine, denumabe la noi si in unele tiri si pietre . sem.l-
pretioase sint ufilizate $1 ele in arta bijuteriei si in tehnicd. Cele mai
multe au duritatea cuprinsd intre 7-8 si sint maij frecvent. intilnite in.
zicimintele naturale decit pietrele pretioase; Majoritatea’ pietrelor fine,
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in parte translucide si opace, sint prelucrate in tehnica cabosenului. In
categoria pietrelor fine se incadreazd : alexandritul, spinelii, kunzitul,
zirconul;, turmaling, ohvma granatn opalul nobil, turcoaza ‘hematitul,
ametistul, -ete. : %X

O delimitare stucta intre pletrele fine (Seranretloase) $L decora-
tive, este uneori destul de subiectivd, deoarece unele minerale sint uti-
lizate in. baza calitdtii lor fie intr-un, domeniu fie in celdlalt:
3. Pietrele decorative $i ornamentale, sm‘c Jninerale, aoreoate de
mase cristaline §i uneori- chiar veritabile roci (obsndnan), ce au duri-
titi maj mici de 7, si care sint utilizate in confectlonarea obigctelor
de artd, de podoaba sau in sculpturd (statue*be blbe{loum camee, ugtaln)
In funct1e de durlta”cea lor se sublmpart fn

. a).Pietre dure, ce au valori cuprinse, intre 5-7, unde se 1n<:adreaza

unele varietiti crlpbocrlstahne sau amorfe de cuart, jadul, nefrltul ama-~
zonitul, rhodonitul, lapislazuli, etc. ‘

b) Pietre moi, cu' duritatea sub 5, cum ar i malahltnl rodo-
crozitul, alabastrul, pirofilitul (agalmatqhtul) caleitul, etc '

O gema slefuitd in stil cabo$on va avea o Valoare mult mai mica
dec1t aceeasi piatra slefuitd in stil fatetat si infinit mai micd decit o,
camee, intalie sau statuetd prelucrati din acelasi material, unde, artistul
isi imprimd nu numai amprenta personahta‘;u sale ci si inalta maues”c‘rle:
mmlatumzanta

In”crucfg in cadrul tarn noastre, plna in prezent nu au fost puse
in evmdenta geme din .categoria pierrelor pretloase oblectul prezente1
lucréri 11 vor constitui pietrele semipretioase si decoratlve

Istoricul prelucrarii 0'emelor
si al cercetarilor geologice specifice in Romania

Tehmca prelucrarm taierii  si slefu1rl1 Dletre101 pretloase sem1—
pretioase si decorative isi are originea. ~iny, confectlonarea de citre om
a primelor unelte din silex, jasp, obsidian, ]ad si alte minerale si roci
dure. Dovezi ale prelucrdrii pietrelor dure se géisesc in mai toate statiu-
nﬂe paleolitice descoperite pe teritoriul tarii noastrée s1 ele sint repre-
zentate prin : nuclee de obsidian si opal, lame si aschu lamelare, vir-
furi , triunghiulare, v1rfur1 microlitice, razu1t0are burme ete.

in statiunile arheologice din epoca greaca $1 romana 1ncep sé
apard si primele obiecte de podoabi si artd prelucrate in pletre semi~-
pretioase si ornamentale. Una din expresiile cele mai rafinate ale artei
este Gliptica sau arta de a grava pietre dure. Gliptica a atins apogeul
in Grecia anticd in pemoada cuprmsa intre "secolele' V if.en. $1 seicotul
I en. In perioada romani cupringd intre secolele I'si III, era 'noastra,
arta gllptlcel decade treptat. Din aceasta etapd ne-au rémas numeroase
camee si intalii gravate Indeosebi in diferite varietiti “de cal»edome
Cameele, sint geme confectionate de gbicei din. calvedonie’ cu stra-
tificatie pohcroma avind fJgumle Immamrlzate (1= -3 cm) prelucrate in
relief.
- Intaliile, sint geme alcdtuite de reguld din calcec}ome monocrom4,
ce au figurile m1n1atur1zate gravate in ad1nc1me (negajmv) deoanece ele
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erau utilizate ca linele sigilare, avind rol dublu de semnituri si de
talisman. '

Vechii maestri greci in arta glipticei preferau si graveze pe o
calcedonie monocrom de culoare albastrd safirinicd, translucidi, simi-
lard cu cea cunoscuti la noi la Trestia din Maramures. Stabilirea
unor legdturi ipotetice intre cele doud arii destul de indepértate, pe
baza centrilor de culoare F, cauzati de ionii de K si Ca din halogenurile
alcaline si alcalino-teroase (KCl si FyCa), fin dispersate in masa calce-
doniei (Motiu, Ghiurca, 1979), ar putea fi chiar dovediti, prin analiza
unei intalii. = ' )

Colectii de intalii si camee, datind in special din epoca Tomand
se gisesc in muzeele oraselor Bucuresti, Caracal. Craiova, Timisoara,
Deva, Sibiu, ‘Alba Iulia, Turda, Cluj-Napoca, Zal¥u, Carei si Con-
stanta. Se presupune, dupid numirul mare, indeosebi de intalii desco-
perite in unele localititi cum ar fi: Celei (Sucidava-Corabia), Resca
(Romula~Claracal), Turda (Potaisa), ci ar fi existat gravori de geme
care prelucrau materii prime locale sau aduse din Carpati.

In perioada migratiei popoarelor si a trecerii de la sclavagisnv
la feudalism, arta prelucririi gemelor se pierde treptat. Popoarele migra-
toare care au trecut peste teritoriul {4rii noastre, foloseau geme stra-
lucitoare si contrastant colorate : almandine, lapislazuli. turcoaze {(de
provenienti orientald). slah fatetate sau prelucrate in caboson, cu care
isi impodobeau piesele de harnasament. Din epoca feudali nu avem
date referitoare la prelucrarea gemelor pe teritoriul tirii noastre.

Abia in secolul al XIX-lea ar fi existat unele preocupiri de valo-
rificare a agatelor de la Techereu si a aragonitului de Corund. de citre
Scoala de arte si meserii dih Zlatna si un atelier ce a functionat la
Corund pind in anul 1939. C

In prezent, din initiativa unor oameni ifubitori ai artei de prelu-
crare a gemelor, functioneazi de citiva ani un atelier de confectionare
a pietrelor de podoabd la Brad (Gure Barza).

Cercetdri qeologice de interes gemoloaic. Desi sporadice, totusi
existy si unele lucriri geologice care se ocups in mod deosebit de
minerale cu calititi de geme, ce apar pe teritoriul tirii noastre.

Prima care intri in sfera de cercetare a geologiei este calcedonia
de Trestia, care datoriti culorii sale albastre si z pseudomorfozelor cu-
bice pe care le nrezinti este pomeniti intr-un studiu a lui Fichtel (1791).

.Diamantele de Maramures®. sint semnalate de Jonas (1820), din
sisturile negre ce anar la Bocicoiul Mare pe Tisa.

Primics (1886), descrie vrincipalele varietiti de agate din zona
Techereu. Mentionim c% o colectie de agate din zona muntilor Apu-
seni a fost prezentatia la expozitia internationali de la Paris inci in
secolul trecut.

Zepharovich (1858-1872). Toth (1882) si Koch (1885). amintesc in
luerdrile lor principalele iviri de minerale, din care unele au si calitdti
de geme. ) . ,

Mnpgoci {1903), isi elaboreazi teza de doctorat, oe o tem# de inbe-
res gemologic, studiind monografic chihlimbarul din tara noastrd.
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Protescu (1936), semnaleazi prezenia gagatului aldturi de chihlim-
bar pe valea Sibiciului si valea Boului.

Banym (1932, 1957), in lucrdrile sale de popularizare arnmteste
de o serie de silicolite din Harghita, ce uneori.pot fi valor1f1cate si
ca geme.

Ghitulescu et al. (1960), studiazi silicolitele de la Brad.

Ghijurca (1964, 1965) semnaleazd intr-o serie de articole de popu-
larizare unele minerale si roci pe teritoriul Jude’gulm Maramures ce
pot fi valorificate $1 ca geme.

R&dulescu si Dimitrescu (1966), in mmeralogba topografica a
Roméniei, fac o inventariere a tuturor mineralelor de la noi din tara,
din care unele au si o importantd gemologici..

‘ Motiu si Ghiurca (1979), elucideazd problema coloratiei albastre
a calcedoniei de Trestia. ‘

Medesan si Berza (1974), semnaleazi ‘prezenta lizarditului pe valea
Tismanei, ce poate constitui o materie primd utilizabild in gemologie.
Papiu si Mastacan (1973), trateazid pe larg problema pietrelor pretioase.

Ghiurca (1981), face o raionare si o clasificare a principalelor
tipuri de silicolite semlpremoase din judeful Hunedoara.

' Men’gioném cd numeroase date referitoare la unele minerale ce
pot avea si calitdti de geme pot fi intilnite dispersat si in alte luccéri

e

de geologle de la noi din tard.

J
}

Principalele unititi petrogenetice
furnizoare de pietre semipretioase si decorative

Pietrele semipretfioase si decorative sint legate genetic de cele trei
mari domenii petrografice ce intrd in alcituirea t$irii noastre : meta-
morfic, magmatic si sedimentar. Vom incerca in cele ce urmeazi si
efectudm o evaluare a poten’qialulm gemologic al fiecdrui domeniu in
parte Men’gonam faptul cd la Cluj-Napoca au fost efectuate o serie de
incerciri asupra a numeroase minerale ce apar in cele trei domenii,
spre a se stabili care din ele pot avea calitdtile necesare spre a fi
prelucrate ca geme sau pietre tehnice.

A) Domeniul metamorfic. Cu toate cd nu s-au efectuat prospec-
tlunl in sens gemologic, se poate afirma ci aceste formatiuni sint pini
in prezent slabe furnizoare de minerale cu cahtatl de geme.

Granatil din metamorfite, ce apar in numeroase zone, ar putea
fi valorlflcatl ca geme dacd sint translucizi, proaspeti (nealterau, nefi-
surafi) si- uniform colorati. Unele varietd{i chiar opace dar nealterate
de almandin, cum sint cele de pe . Va%ea Ariegului, Muntele Mic,
sau cele de la exploatarea valea BlazneJ pot fi " utilizate in tehnici
si bijuterie. Aceleasi sanse de valorﬂflcare au si unele forme de stauro-
lit din zonele Ré&zoare, valea Ariesului $i muntii Sebes. Distenul din
muntii Sebes (zonele Bétrina, Surianu, .Virful lui Petru), din muntii
‘Cibin i Figaras, constituie o buna materie prima .';:1 in domeniul gemo-
10g1°1 Cuartitele negre (liditele), apar intercalate in formatiunile din
numeroase zone. Ariile in care apar cuarfite masive trebuie urmérite
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mai 1ndeaproape pentru punerea in evidentd a cuart-avanturmulm Pre-
zenta In aluviunile Lapusulul ar indica existenta lui in metamorfitele
din Preluca. In afara zonei cu cuarf p1ezoe1ectr1c din muntii Tarcu
(Cleantul Ilovei), pot fi descoperlte si alte zone In care cuarful si aibd
$1 calitdti de geme. Serpentina, in special varietatea lizardit, semnalata
in zona Tismana, se preteazi prin omogenitatea culorii sale, verzui,
indeosebi la confectlonarea unor obiecte de artd, de podoaba si orna-
ment. In aceeasi zond sau in zone similare, ar putea fi pusd in evidentd
prin cercetdri mai detaliate si prezenta ]adelt—nefrltulm Serpentinitele
cu vinisoare de azbest din Banat, sint utilizabile si ele in aceleasi sco-
puri ca si lizarditul. Cercetarea mai indeaproape -a serpentinitelor, din
Banat, ar putea duce si la detectarea unor zone -azbestiforme siliciﬁiate,
care constituie o excelentd materie primé gemologica. Cercetérile geo-
logice mai vechi, semnaleazd prezenta amiant-opalului (ochiului de
pisicd) la Ré&sinari si in cheile Vilcanului din valea Jiului. Rodonitul
si rodocrozitul din zona Vatra Dornei, de culoare roz. discret, pidtate
uneori cu negru sint utilizate cu succes in confectlonarea gemelor
‘Talcul compact de la Lelese-Cerisor, se preteazi, desi are duritate sca-
zutd, la confectionarea unor obiecte decorative. Unele iviri de siderit
de la Teliue, contin si varietdti utilizabile ca geme. Anumite varietati
de amfibolite; si de sisturi actinolitice (pasul Prislop) pot fi utilizate
ca piatrd ornamentald. Prin cercetdri speciale pot fi detectate zone in
care apar si alte minerale ce pot fi utilizate ca geme, cum sint : actinotul,
cordieritul, zoisitul, clinozoisitul (Paring), epidotul (Paring), rutilul (valea
Pianurilor), topazul (Saliste), dolomitul, magnezitul, etc.

3

B) Domeniul magmatzc este pr1nc1pa1u1 generator de minerale
geme. Aprospe 999, din productia de minerale-geme, provin din acest
domeniu. Mineralele ou calitdti de geme sint legate de procesele orto-
magmatlce si in special de cele pararnagmatlce (pegmatltlce pneurnato-
litice, pirometasomatice si hldrotermale) . 1

D_eoarece‘dlferltele corpuri magmatlce au fost pusein loc in cicluri
tectono-magmatice foarte variate ta virstd, in cadrul acestui domeniu,
putein distinge conform actualelor conceptii mai multe prévincii : pre-
baikaliand (Proterozoic superior), reprezentati prin initialite metamor-
fozate ,(amfibolite, serpentinite), magmatite sinorogene (Muntele Mare,
Poneasca) si pegmatite (Preluca, Gildu, Lotru, Semenic) ; provincia bai-
kaliand (Cambrian) ce include gran1to1de1e din domemul Danubian si
granitele d¢ Pricopan-Megina ; provincia hercinicad (Paleozom) ce cu-
prinde magmatltele din ngh1$ -Drocea, gabbrourile si serpentinitele de
la Iutl si Plavisevita si masivul s1en1t1c de la Ditrdu ; provincia kime-
rici (Triasic), reprezentatd prin diabazele si porf1re1e cuartifere de ‘la
Nicolitel, Somova, Consul, Iulia; provincia alpind (Mezozoic-Tertiar),
care la rindul ei se sublmparte in 3 subprovincii : subprov1nc1a ofio-
liticd “(Jurasic- Cretac1c) ale cérei. produse apar doar fragmentar in Car-
‘patii Orientali si Meridionali (Repédea-Poienile de sub Munte, Breaza

Persani, muntii Cernei si Mehedinti), fiind larg dezvoltate in _Trascau
si Muntn Metaliferi ; subprovincia laramici (Cretacic: superlor—Paleo—
gen), bine reprezentata in zona bi#niteand, muntii -Drocea, Bihor, «VIj-
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deasa etc.) ; subprovincia neogend (Badenian-Pliocen), ce,include lantul
Oas-Harghita si ariile vulcanice din Muntii Metaliferi. '

-ia) Provincia prebaikaliand, prin numeroase aparitii de pegmatite
din Muntii Apuseni si Carpatii Meridionali- ar putea deveni o furnizoare
de minerale geme, despre care avem unele indicii, cum sint: spineli
(Muntele Rece-Stiubei), spessartin, fluorapatit, turmalind, beril, titanit,
zircon (Voislova, Teregova, Armenis, Delinesti, Globurdu, Tincova, Ré-
zoare, valea Ierii).

" b) Provincia baikaliand. Rarele zone cu corneene pot deveni furni-
zoare de mlnerale geme cum ar fi : vezuvianul, epidotul, zoisitul (Pa-
rlnd), ete.

¢y La provincia hercinicd, subliniem aparitiile de crizopraz nicheli-
fer din zona serpentinitelor hidrotermalizate si a listvenitelor din aria
Baia Noud, Rudaria, Bozovici si posibil a unor iviri de serpentind nobila
si d2 jadeit-nefrit. Serpentlnltele erizotilice si antigoritice pot servi la
confectlonarea unor obiecte decorative sau chiar de podoabi (Eibenthal-
Dubova) Masivul sienitic de la Ditréu, prin unele dintre varietitile
sale mai bogate in sodalit, nefelin, cancrlmt $1 amfiboli, poate constitui
0 zond cu perspective gemologlce

d) Provincia kimericd din zona dobrogeans se remarcd doar prin
aparitia la [ulia a unor calcedonii agatiforme.

e) Provincia alpind, este pind In prezent, principa]a producétoare
de minerale cu caractere de geme. Subprovincia ofioliticd din Carpatii
Orientali si Meridionali este slab cunoscutd sub aspect gemologic. Su-
bliniem1 insd prezenta calcedoniilor agatiforme in muntii Persani (Racogul
de Jos). Complexele de roci bazice din muntii Trascidu, Metaliferi si
Drocea,. constituie pind in prezent cea mai importantd zond de aparitie
a calcedoniilor, la care se mai adaugé diferite sorturi de jaspuri. Sint
vestite zonele cu calcedonii utilizabile ca geme din muntii, Trasciu.
(Rimetea-Poiana Aiudului) si cele ce apar in zona ofiolitici de la sud
de Brad (valea Luncoiului, valea Lungi). Existd premize ca toate zonele
ofiolitice din cadrul tdrii noastre (Carpatii-Orientali si Meridionali), s&.
aibi acelasi continut de calcedonii utilizabile ca geme.

Subprovincia. laramicd, este caracterizatd indeéosebi prin nume-
roase fenomene de contact (piro- si hidrometasomatozi) care au condus
la fcrmarea de minerale, concentrate uneori in zonele .de skarn. Dintre
mineralele care pot intruni si calitdfi de geme enumerdm : granati,
magnetitul, wulfenitul, calcopirita, azuritul, malahitul, apofilitul, ara-
gonitul, pirofilitul, cerusitul, epidotul, vezuvianul, crizocolul, diopsidul,
fluorina, dioptazul, hematitul, smithsonitul, hemimorfitul, cuprul nativ,
la care se pot adduga unele minereuri de bor si riolitele fluidale. -Sint.
impertante in acest sens zonele Moldova Noud, Ocna de Fier, Bocsa si
Baita Bihor. in legétura cu banatitele de la Capus, apar chiar si unele
varietdti de calcedonii §i jaspuri.

Subprovincia neogend. De activitatea h1drotermala desfasurata in
diferite etape, sint legate o serie de zone mineralizate, din care unele
minerale pot avea si o utilizare' gemologica : rodocroz1t rodonit, piro-
fility cuart, piritd, fluorind, baritind, apofilit, blend4, vivianit si -chiar
sulf nativ. Unele. varietdti de ande21‘c (Seini, Hent), perlitele, riolitele
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fluidale si chiar obsidianele sint wutilizabile ca materiale decorative si
ornamentale.

" De activitatea postvulcanicid hidrotermald si gheizeriand sint le-
gate o serie de silicolite bine dezvoltate in muntii Oas, Gutin si Har-
ghita, ‘din care unele pot fi cu succes utilizate ca geme. Tot in aceastd
arie este plasatd si localitatea Trestia, unde umplutura filoanelor mine-
ralizate a fost inlocuiti prin circulatia solutiilor bogate in SiO,, cu o
calcedonie de culoare albastrd. Calcitul cu aspect aragonitic de la Corund
(muntii Gurghiu), constituie o excelentd materie primd pentru confec-
tionarea unor obiecte de birou si statuete. Fierul oligist (specularit) din
partea sudicd a craterului Cucu (Harghita) poate fi utilizat cu succes
in confectionarea unor obiecte de podoabi. De riolitele de la Techereu,
sint legate diverse varietdti de calcedonii, agate, jaspuri si lemne sili-
cifiate. In zona Muntilor Metaliferi mai apar si jaspuri si opaluri ghei-
zeritice cum sint cele de la Brad, Vata, Ociu, etc., ce sint utilizate de
atelicrul artizanal de la Brad. Pind si aglomeratele vulcanice neogene
din aria situatd la nord de Mures (Zam, Burjuc, Gurasada, Sirbi, Bri-
nisca) si de la sud de Mures (Tisa, Pojoga, Costei), sint furnizoare indeo-
sebi de calcedonii agatiforme albe, translucide, .de jaspuri si opaluri
variat colcrate, utilizabile atit ca materiale tehnice cit si gemologice.
Opaluri gheizeritice apar si in muntii Gutin si Oas, incepind de la Baia
Mare pinid la Tarna Mare.

3

C) Domeniul sedimentar, desi ocupd cea mai-mare arie din cadrul
faril noastre, este un slab furnizor de materii prime de naturi gemo-
logicd. Din cadrul depozitelor paleozoice amintim doar unele gresii
permiene (Apuseni), ce au uneori frumoase dendrite feroman-
ganoase, ce pot fi valorificate ca atare. Sedimentarul mezozoic, din
diverse zone ale {irii (Vasciu, Bicaz, Tulcea, etc.) constituie principalul
furnizor de calcare policrome, utilizate ca placaje. Remarcim faptul’ ci
unel: varietd{i de' calcare din platoul Vasciu, pot prezenta uneori
chiar un aspect ,agatiform®. Din cadrul sedimentarului triasic, jurasic
si cretacic, pot fi luate in considerare unele intercalatii de jaspuri colo-
rate (dacd sint omogene si lipsite de porozitdti). Sisturile negre creta-
cice din zonele Bocicoiul Mare, Tibdu, Cimpulung-Moldovenesc, Ojdula,
Covasna (virtual, intreaga fisie a sisturilor negre din cadrul flisului
Carpatilor Orientali), constituie roca mami a faimoaselor ,,Diamante
de Maramures“. Acestea sint de fapt cristale de cuart, foarte limpezi,
prezentind numeroase fete cu dimensiuni intre 2-10 mm care in trecut
erau valorificate ca atare prin montarea lor directd in piese de podoaba.
Creta senoniand din Dobrogea, contine numeroase accidente silicioase,
dintre care cele cu o constitutie omogend, pot fi valorificate ca piatra
tehnicd. Tot din depozitele cretacice cunoastem unele aparitii de Jeu.
sau Gagat, o varietate de conifer carbonificat, utilizat in gemologie
(Pianul de Sus). Formatiunile tertiare, contin unele minerale si roci
ce pof fi valorificate in scopuri gemologice si. ornamentale. Din cadrul
depozitelor eocene, lentilele de gipsuri, pot fi valorificate prin prelu-
crarea la strung a unor obiecte de artd. Datoriti porozititii lor mari
gipsurile se preteazd si la o colorare artificiald. Unele calcare numu]i:
tice, pot fi utilizate ca placaje ornamentale pentru clidiri. Calcarele
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de apd dulce de Rona, coniin_ accidente silicioase colorate de tipul
nseptariilor”. Formatiunile oligocene din Carpatii Orientali si Meridio-
nali §i In special cele din zona de curburd contin numeroase iviri de
chihlimbar, al&turi de care apare uneori si gagatul. Unele varietiti de
menilite compacte si fin stratificate, pot fi si ele luate in considerare.
Depozitele oligocene maj contin si multe fragmente de lemne silicifiate
(bazinul Transilvaniei). Depozitele neogene, cuprind lentile de gipsuri,
galeti silicolitici, chihlimbar remaniat, opaluri, jaspuri de origine ghei-
zeriand si lemne silicifiate. Amintim gici pietrisurile de Almasul Mare,
care contin, remaniati din ofiolite, numerosi galefi silicolitici (calcedo-
nici si agatiformi) uneori de o exceptionald calitate. Din pédcate doar
circa 1%, din acesti galeti au calititi de geme. Formatiunile cuaternare
prezintd si ele un interes deosebit, decarece in ele se realizeazd o selec-
tare si 0 concentrare a tuturor mineralelor rezistente, dure si cu greu-
tate specificd mare, din care unele pot prezenta si un interes gemo-
logic. Unele dintre pietrele semipretioase se incadreazi in categoria
mineralelor grele si ca atare pot fi intilnite mai usor in aluviuni (gra-
nati, disten, rutil, zircon, etc.). O concentrare similard in aluviuni si
depozite eluviale de pantd se realizeazd si in cazul silicolitelor semi-
pretioase, datoritd nu greutitii lor specifice ci duritdtii si rezistenfei lor
ridicate. _

Am dori sa subliniem faptul cd Papiu si Mastacan (1973) in lu-
crarea lor ampld asupra pietrelor prefioase, citeazi si aduc numeroase
exemple de minerale cu calitifi de geme de pe teritoriul Roméniel.

Clasificarea pietrelor pretioase, semipretioase si decorative

Majoritatea covirsitoare a gemelor fiind minerale anorganice, cla-
sificarea lor se face pe bazi de criterii mineralogice, ele alcatuind
varietatea nobild a anumitor minerale. Pentru clasificarea gemelor am
adoptat criteriul clasificdirii mineralelor lui Strunz (1966). Vom insira
in cele ce urmeazad toate mineralele ce pot avea si calitifi de geme,
fie cd apar sau nu in formatiunile din tara noastrd, pentru a sublinia
cite dintre mineralele cunoscute care pot avea si o utilizare gemo-
logicd. Cele ce apar In tara noastrd, vor fi mentionate in text prin
citarea zone€lor de aparitie.

1. Elemente native : cupru (Biita Bihor), sulf (Cadlimani), diamant.

2. Sulfuri : blenda, calcopiritd, piritd (zonele Baia Mare, Muntii
Metaliferi, Banat, etic.).

3. Oxizi si hidroxizi : ponderea cea mai mare ca minerale geme,
revine pind in prezent familiei silicei (cristalizatd, criptocristalind si
amorfd). Cristalul de munte clar si transparent apare rar in regiunea
Baia Mare, Apuseni si Banat. Tot aici se Incadreazi si ,,Diamantele de
Maramures®, ce apar doar in depozite sedimentare cretacice (Bocicoiul
Mare-Covasna) si nu In zona eruptivd Baia Mare, asa cum din eroare
este mereu citat in literaturd. Ametistul si ganga ametistica se cunoaste
la Sagar, Baiut, Poiana, Botizei, Porcurea. Cristale mici de morion
se ounosc la Herja, iar aventurinul din. aluviunile Lépusului. Citri-
nul, cuartul roz, ochiul de tigru si soim nu au.fost pind in prezent
sernalate, Ochiul de pisicd e semnalat doar in literatura veche (Rasi-
nari, cheile Vilcanului).
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Silicea criptocristalind, respectiv calcedonia este reprezentatd prin
toate wvarietdtile sale principale : hialit, transparent, incolor (Trestia,
Ilba, Trascau); safirin, de culoare albastrd azurie (Trestia); carneol
(cornalind), rosu carne (Trascidu, Muntii Metaliferi) ; sardolic (serdolic),
galben (Trasciu); sarder, brun (Trasciu, Muntii Metaliferi) ; crizopraz-
verde deschis (Trasciu, Banat) ; plasma (matostat), verde inchis (Trascau,
Muntii Metalilferi) ; heliotrop de culoare verde p#atatd cu rosu (Trascau) ;
agatele, o varietate de calcedonie caracterizatd prin alternante de vena-
turi colorate diferit, dispuse relativ paralel sau concentric (Trasciu,
Muntii Metaliferi) ; onix, cu venaturi alternante albe si negre (Trascau) ;
sardonix, cu venaturi in care predominid brunul (Trasciu) ; piatrd de
Mokka, calcedonie cu incluziuni dendritice manganoase (Muntii Metali-
liferi. Mentiondm ca toate varietatile coloristice de calcedonie sint pargial
sau total translucide. Lemne silicifiate de diferite nuanfe in gene-
ral, brune cenusii, apar In numeroase zone. Jaspurile mate, confin im-
puritdti, au culori variate si neuniforme, pot fi marine (radiolarite),
gheizeritice, sau pot apare ca accidente silicioase in roci eruptive, sint
frecvent intilnite in numeroase arii din Oas, Gutin, Harghita si Meta-
liferi. Lidienele apar in acelasi complex sedimentar ca si ,Diaman-
tele de Maramures“. Opalul comun ce are o coloratie mai putin variata
apare in aceleasi zone ca si jaspurile gheizeritice. Opalul nobil este
semnalat de Ianovici et al. (1979) in zona Ilba (?). In afarid de familia
cuartului, acestei grupdri ii apartin si alte minerale ce uneori pot avea
st calitdti de geme : hematitul (specularitul) (Ocna de Fier, Muntele
Cucu) ; spineli (Gildu, Paring, Bé&ita Bihor), rutil (valea Pianurilor) :
hercinit, gahnit, crizoberil, corindon (Pianul de Sus), anataz, casiterit,
cromit, cuprit, ilmenit, periclaz, psilomeian (Rizcare, Vatra Dornei).

. 4. Carbonati, borati : rodocrozit (zona Vatra Dornei, Cavnic, Sacé-
rimb, Baia de Aries, efc.); calcit cu aspect aragonitic (Corund, Sun-
cuius, Luncani); smithsonit (Dognecea, Baita Bihor); azurit si malahit
(Moldova Noud, Sasca Montand, Oravita, Ciclova); ceruzit (Ruschita,
Rodna, Brusturi) ; magnezit (Paring); siderit (Telive-Ghelar) ; witherit
(Ostra) ; calcit (diverse zone). Tot aici se Incadreazd si calcarele poli-
crome si marmurele, precum si alte minerale : (coelemanit, baritocalcit,
gaylussit, kutnahorit, fosgenit, rodizit, stichtit, ulexit si dolomit.

5. Sulfati : celestind (Copadceni, Baciu); baritind (Somova, Ostra,
Ilba, etc.) ; gips (diverse localititi) ; crocoit (B&ita Bihor) ; scheelit (Ora-
vita, Ciclova Roméind, Baia Sprie); wulfenit (Ruschita, Biaita Bihor).

8. Fosfati, arseniafi: fluorapatit (Razoare, Teregova); vivianit
(11ba) ; berillonit, ambligonit, lazulit, brazilianit, variscit, turcoaza, auge-
lith, purpurit, wardit, etc. ]

7. Silicati. a) Nesosilicati : almandin (Rodna, Sé&lciua, Hoghiz) ;
staurclit (valea Ariesului) ; spessartin (Dognecea, Moldova Noud); an-
dradit, uvarovit, fenacit, olivind—crisolit, zircon (Teregova, Ditriu) ; dis-
ten (muntii Fagiras, Lotru, Sebes); topaz (submilimetric la Gura Riu-
lui, Turnu Rosu), andaluzit. )

b) Sorosiliceti : titanit (Ditrdu); hemimorfit (Oravita, Ciclova,
Baita Bihor); epidot (Moldova Noud, Bé&ita Bihor, Roata) ; zoizit (Pa-
ring) ; vezuvian (Ciclova, Dognecea, Oravita, Paring); datolit, du-
mortierit. '
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c) Ciclosilicati : beril (Rézoare ?, Teregova, Voislova); cordierit
{muntii Cidpéatinei), benitoit, axinit. -

d) Inosilicati : rodonit (zona Vatra Dornei) ; turmalini (varietatea
neagrd, schorlit, Preluca, Teregova, Gildu) ; dioptaz (Biita Rihor); diop-
sid (Ocna de Fier); tremolit (Ocna de Fier); actinot (Rodna); jadeit,
omfacit, spodumen, hipersten. .

e) Filosilicati : serpentine (Banat, Tismana) ; talc (Cerisor, Lelese);
pirofilit-agalmatolit (Biita Bihor, Rotunda); apofilit (Sacarimb, Sasca,
Oravita, Ciclova) si prehnit.

f) Tectosilicati : sodalit (Ditrdu); haliyn, lazurit, adular, amazonit,
microclin, oligoclaz, labradorit, danburit.

8) O categorie aparte, neincadratd in clasificarea mineralogica, o
alcatuiesc unele roci, meteorifii si chihlimbarul.

Chihlimbarul din zona Buziului si gagatul (Pianul de Sus).

Roci : lapislazuli, obsidian (Sintimbru-Ciuc), andezite negre (Seini,
Hent) ; riolite cu texturd fluidalad (Tranis, Orasul Nou) ; minereu de bor
In calcare (Biita Bihor).

Meteoriti : tectite, moldavite.

Deocarece nu au fost efectuate lucrdri speciale de. prospectare a
pietrelor pretioase, semipretioase si decorative (exceptind calcarele poli-
crome), datele cu privire la raspindirea lor la noi in tard (in afard de
zonele verificate de autori) sint destul de aproximative, ele bazindu-se
pe literatura de specialitate. Fatd de aceste date, in urma unor cerce-
tdri de detaliu, pot surveni numeroase modificdri, din care unele pot
constitui chiar adevarate surprize.

Explorarea, exploatarea si prelucrarea pietrelor semipreticase
si decorative

Prospectarea mineralelor-geme consti intr-o analizi aminuntiti a
aluviunilor actuale si a depozitelor de terasd, a principalelor vai care
traverseazi roci posibil purtitoare de pietre semipretioase si decorative.
Mineralele geme ce apar in exploatirile miniere vor fi urmérite dupi
metodologia utilizatd in minerit, Tinind cont de frecventa aparitiei
mineralelor geme in aluviuni sau in galerii se va face o evaluare esti-
mativad a rezervelor exprimati in kilograme per an. Exploatarea mine-
ralelor geme se realizeazi prin colectarea esantioanelor din depozitele
aluvionare si din galerii si uneori prin micji cariere. Nu cantitatea ci
calitatea mineralelor geme conteazi, deoarece din citeva zeci de kilo-
grame se pot confectiona mii de geme, obiecte de podoabid si piese
tehnice. Principalul lucru de care trebuie si {ind cont oricare geolog, este
¢4 orice mineral omogen nealterat, transparent sau nu, poate deveni
prin prelucrare un obiect tehnic sau de artdi de mare valoare. Esen-
{ialul este ca geologul si aibd in obiectivul cercetirilor sale si sensul
gemaologic pe care 1l prezintd unele minerale si roci.

Prelucrarea pietrelor semipretioase si decorative se face cu aju-
torul unei aparaturi adecvate, utilizindu-se diverse procedee de faso-
nare, care in linii mari corespund cu Insfsi etapele de dezvoltare a
artei de prelucrare a pietrelor dure. De la etapa realizdrii unor supra-
fete plane slefuite $i a celor sumar rotunjite, se ajunge treptat la
tehnica prelucrdrii in stil ,,caboson“ in care pietrele au cel pufin una
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dintre suprafete convexd. Un alt procedeu de prelucrare este cel de
fatetare a pietrelor, aplicat In special la pietrele pretioase transparente
si colorate.  Mentiondm cé, intre cele doud proceidee de prelucrare, existd
si un procedeu tranzitoriu in care gemele au si fatete dar si suprafefe
convexe. Un procedeu modern prin care se pot prelucra geme in vrac,
in stilul denumit ,,Baroc“, imitd un proces geologic ce se petrece con-
tinuu pe plajele maérilor, si el poartd numele de metoda ,butoiului.
Cu aceeasi aparaturd de prelucrare a gemelor, se pot confectiona si o
serie de piese tehnice cum ar fi: prisme si lagire pentru aparate de
control si de precizie, mojare de laborator, pistile etc. Majoritatea covir-
sitoare a gemelor se utilizeazd insd ca pietre de podoabd, la confectio-
narea unor obiecte mici de artd, sau a unor obiecte decorative de interior.

Concluzii si propuneri

Tinind cont de actualele cunostinte pe care le avem asupra poten-
tialului gemologic al tarii noastre, apreciem c3d existd posibilitdti teh-
nice si umane de a se trece la valorificarea lor. In vederea asigurarii
de materii prime autohtone pe o pericadd mai indelungatid ar fi nece-
sar si se elaboreze un plan stiin{ific de cercetare si valorificare gemo-
logicd la nivel national, care si se desfigoare In maj multe etape:

a) Intr-o primi etapid ar fi necesar ca datele geologice, petro-
grafice si mineralogice acumulate pind in prezent sd fie reluate si re-
considerate prin prisma gemologicd. Aceste date ar putea fi completate
cu toate informatiile de acest gen pe care le detin geologii care lucreazd
in intreprinderile productive, spre a se realiza in final o inventariere
a tuturor resurselor din acest domeniu.

b) Pe baza datelor sintetizate in prima etapd, ar putea fi stabi-
lite zonele cu perspective, care ar urma a fi recercetate sub aspect
gemologic de cidtre IPEG-urile regionale, pentru evaluarea rezervelor.

¢) Dupéd conturarea si evaluarea zonelor favorabile intr-o a treia
etapd se poate trece la valorificarea directd a acestor resurse prin inter-
mediul unor inireprinderi artizanale.

Pentru lirgirea continud a bazei de materti prime gemologice ar
fi necesar ca la sectiile de inginerie geologicd si geofizicd sd fie intro-
dus si un curs facultativ de gemologie, prin care viitori geologi s&
fie initiati in acest domeniu.

Prezenta lucrare, nu este exhaustivd si ca atare nu are pretentia
de a fi epuizat toate aspectele problemei abordate, ea este doar o primé
incercare de tratare a unui domeniu maj putin cunoscut la noi si care
a avut drept scop final, sublinierea faptului cd avem un potential de
rezerve de minerale tehnice si de podoabd ce ar putea fi valorificate.

4 Confédération Internationale de la Bijouterie Joaillerie, Orfévrerie, des dia-
mants, perles et pierres (CIBJO).
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PIERRES FINES ET DECORATIVES DE ROUMANIE
(DONNEES GEOLOGIQUES D’EVALUATION PRELIMINAIRE)

(Résumé)

Dans la partie introductive les auteurs définissent et précisent la nomen-
clature et les principales notions spécifiques pour ce domaine, tout en présen-
tant ensuite un court his’oorique du polissage des pierres fines et des recherches
géologiques d’intérét gemmologigue de Roumanie.

On fait aprés un essai d’évaluation préliminaire du potentiel gemmologique
des domaines magmatique, métamorphique et sédimentaire de Roumanie et de
leurs provinoes et sous-provinces tout en précisant que le principal domaine foum
nisseur de minéraux a qualités de gemmes, est le domaine magmatique.

Dans le cadre de la classification des pierres fines, décoratives ou d’orne-
mentation, on désigne tous les minéraux qui par leurs qualités sont employés
comme gemmes.

Pour conclure on fait gquelques recommandations en ce qui concerne explo-
ration, l'exploitation et le polissage des pierres fines, décoratives ou dornemen-
tation. On propose aussi un plan de recherches pour mieux contourner les zones
tavorables et leur valorisation en technigue et en joaillerie,
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’PETROLOG'IA ROCILOR MAGMATICE

Working Group 34.: The Magmatism and the Metallogenesis
Associated to the Epoch of Molasse Formation

PETROLOGICAL AND PETROCHEMICAL DATA
. ON THE TERTIARY VOLCANICS
FROM THE EASTERN PART OF THE ZARAND MOUNTAINS'!

BY
ION BERBELEAC? MARGARETA DAVID?, ALLA ZAMIRCA?

Andesites. Basalt andesites. Pyroclastic breccias. Badenian. Sarmatian. Pan-
nonian. Petrochemistry. Magmatic differentiation. Calc-alkaline, Microplates.
Tectonic control. Apuseni Mts., Neogene eruptive. Vata-Sebis sector.

Sommaire

Données pétrologiques’ et pétrochimigques sur les
volcanites tertiaires de 1’est des monts du Zarand
On fait une comparaison entre les principaux traits pétrographiques et pétro-
chimiques de la série andésitique badénien-pannonienne et ceux d'autres regions
voleaniques surtout des monts Apuseni. La série mentionnée ci-dessus est forméz
de trois groupes de roches andésitiques : (1) andésites basaltiques (< 58%, SiO,) —
Badénien-Sarmatien, (2)  andésites (> 59%, SiO;) — Sarmatien et (3) andésites
quartziféres (<62% Si0;) — Sarmatien-Pannonien, qui représentent probablement
le second cycle d'éruption dans les monts Métalliféres. Les produits de la série
andésitique se caractérisent par le caractére calco-alcalin prononcé, le degré de
différenciation réduit, marqué par le segment des andésites basaltiques-andésites
de la ligne classique de différenciation du magma calco-alcalin. I1 faut mention-
ner également que lactivité volcanique maximum s’est développée pendant le
Sarmatien et que ses produits principaux sont représentés par les andésites pyroxé-
niques (hypersthéne-augite+hornblende) constituées surtout de piles épaisses de
bréches pyroclastiques. L'activité s’est développée dans les conditions de subduc-
tion des micro-plagues des monts Codru Moma et monts Bihor au-dessous les
plaques des monts Highis ef monts Métalliferes.

Introduction

Tertiary volcanics are very widespread in the eastern part of the
Zarand Mountains. They represent, mainly, andesitic pyroclastic covers

! Paper presented at the Meeting of the Working Group 3.4 on Septem-
ber 24 1980 at Deva and received in 1980.
2 Institutul de geologie si geofizicd, str. Caransebes 1, 78344, Bucuresti 32.
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and rarely flows or rooted bodies. The volcanic activity in this region
developed during the Badenian-Pannonian ? time interval and mani-
fested almost exclusively in the Talagiu and Gura V&ii — Iosigel
calderas with several volcanoes. The products of this activity have been
studied by Savu and Neacsu (1962); Savu (1967, 1976) ; Teodoru and
Teodoru (1964, 1968) and Teodoru et al. (1966). Berbeleac et al. (1976,
1977, 1978, 1979%9) and Caraveteanu et al. (1979) have recently given
new data which complete the general survey on the Tertiary volcanism
evolution in the Zarand Mountains.

Geological Setting

The studied region contains different rock types: epizonal crys-
talline schists (Lower Carboniferous), sedimentary and volcano-sedi-
mentary deposits and Mesozoic and Tertiary eruptive rocks.

The crystalline formations form two elevated tectonic outcrops :
the former lies on the Mezes Brook at Gura Viaii and the latter lies
in the neighbourhood of the confluence of Prihodi and losdsel valleys
at Zimbru. Both outerops consist of phyllites, quartzites and serniphytes
and represent, probably, the Paiugeni Series thrust over the Permian
deposits lying at depth.

The southern border of this region contains interesting outcrops
of Mesozoic eruptive rocks which form two series : a lower one (Trias-
sic?-Jurassic) of ophiolitic nature which consists of basalt flows (pillow
lava), basalt veins and dykes, anamesites, dolerites and microgabbros
(PL) and an upper one (Upper Jurassic-Lower Cretaceous) of volcano-
sedimentary nature which contains clays, argillaceous-gritty schists,
sandstones, jaspers, conglomerates and calcarenites and also numerous
basaltic and andesitic pyroclastic intercalations, rhyolite dykes and
orthophyres. The second series eruptive rocks represent the products
of an island arc volcanism which manifested probably during the Up-
per Jurassic-Barremian-Aptian interval.

The Badenian-Pannonian ? sedimentary and volcano-sedimentary
deposits occur usually at the calderas periphery and form two com-
plexes : a lower complex (Badenian-Sarmatian ?), consisting of conglo-
merates with amphibole and pyroxene andesites, pyroxenic andesites,
tuffs, tuffites, feldspathic sandstones, miarls and clays with coal inter-
calations (Fig. 1) and an upper complex (Sarmatian-Pannonian ?), con-
sisting, generally, of the same rock types. The upper complex deposits
occur, especially, at the upper part of the andesitic pyroclastic rocks
from the Virfuri — Avram lancu — Zimbru region (Pl).

Volcanic Activity

Tertiary volcanism manifested on a limited area of this region.
The area covers the joint zone of three distinet geological units : to the
south, the blocks of the Metaliferi and Drocea Mountains with Paleo-
zoic crystalline formations, sedimentary and volcano-sedimentary de-
posits and Mesozoic and Tertiary eruptive rocks and to the north,
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the blocks of the Codru Moma and Bihor Mountains with a slightly
different geological constitution. A major fracture zone irending
NW-SE-ward, probably associated -with a subduction plane, divides the
blocks mentioned above. The subduction plane controlled the Tertiary
calc-alkaline volcanism and the post magmatic activity of this region.

The spatial distribution of Tertiary volcanism and their relation-
ships with the sedimentary deposits from the east of the Zarand

S
/\/ Valcano-sedimentary complex (conglomerates,

e
: P gravels,sandstones, clays, marls, tuffs , tuffites)
PANNONIAN ? |, = —++

Quartz andesites and micrcdiorites

J\ | Andesites and quartz andesites
VoV °) Amphiboles and pyroxenic andesites

SARMATIAN- :_L_i: Volcano-sedimentary complex (andesite
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Cyde It

o o conglomerates, tuffites,clays, sandstones,
°© r9 o coals,limestones,siliceous rocks)
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hﬁ- Pyroxenic andesites and basailt andesites
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e > Ea
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"TRIASSIC- x ¥~ and island arc vaolcanic rocks

JURASSIC 5 X
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Fig. 1. — Sketch of the Neogene volcanism evolution from the Zarand Mountains.

Ophiolitic rocks

Mountains point to the fact that the volcanic activity developed during
several stages of the Badenian-Pannonian ? interval. On the other hand,
the great quantities of pyroclastic rocks, as compared to effusive and
intrusive ones, show that this activity, which manifested only in the
Talagiu (6/2 km) and Gura Vaii-Tosdgel (2/2 km) calderas had a mainly
explosive nature (Fig. 2).

The detailed study of the volcanic actuv1ty and of the main rock
types shows that : (1) the volcanic activily started in the Badenian by
riiyolite and brown hornblende, hypersthene +-augite andesite eruptions,
(2) it comntinued in the Badenian-Sarmatian-Pannonian ? interval by
pyroxene andesites, amphibole and pyroxene andesites and quartz ande-
sites eruptions and (3) it ended in the Sarmatian-Pannonian ? by amphi-
bole and pyroxeme quartz andesites, pyroxene and amphibole quartz
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andesites eruptions, microgabbros and microdiorites (Fig. 1). The vol-
canic activity attained its maximum during the hypersthene and augite
.andesite eruptions at the same time with the consolidation of the main
wolcanic edifices of this region. We mention the fact that the volcanoes

s
4

o I8 %\\%oAvrum fancy

s X e LN
4’5%?21'?55""% e e
//%XV Q‘lr/‘ké\;’ x\"ﬁtiu?:g?pi';

o Ol B8 «l X /+"

="I87 &8 It 9 v == n

Fig. 2. — Tectonic sketch of the eastern part of the Zarand region

1, Quaternary ; 2, Tertiary wvolcanic rocks; 3, Tertiary volcano-sedi-

mentary rocks; 4, Laramian intrusive rocks; 5 Lower Cretaceous

volcano-sedimentary complex ; 6, Upper Jurassic-Lower Cretaceous

ophiolitic and island arc rocks; 7, first (a) and second (b) order of

the set fault ; 8, caldera ; 9, volcanic center; 10, intrusion alignment ;
‘ 11, hydrothermal alteration.

are of simple or complex type and lie exclusively in the Talagiu and
‘Gura Vaii — Iosisel calderas (Fig. 2). -

In spite of insufficient data, we suppose that the volcanic activity
-of this region developed along a NW-SE volcano-tectonic alignment
which occurs as a NW prolongation of the Brad-Sicirimb alignment
‘trending - on the same direction. Tertiary volcanism occurred in this
part of the South Apuseni Mountains due to the presence of a least
vesistance zone, highly fractured and divided (Fig. 1).
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Petrology of Tertiary Volcanics

The attempt to systematize the main types of voleanic rocks from
ihis region, partially achieved by other researchers (Savu, Neacsu, 1962 ;
Savu, 1976 ; Teodoru and C. Teodoru, 1964, 1965, etc.), points to the
presence of some rhyolitic rocks and of an andesitic series.

The above mentioned rhyolites oecur in a perlitic facies at Basa-
rabeasa (PlL) in a small outcrop which lies in the basis of the lower
volcano-sedimentary complex (Fig. 1), These rocks, unknown till now,
seem to represent the oldest volcanics in the region (Middle Badenian?).

The andesitic series formed during three sueccessive stages charac-
terized by three types of rocks: (1) the first stage hornblende and
hypersthene + augite andesites (Upper Badenian), {(2) the second stage
mainly pyroxenic andesites (Upper Badenian-Sarmatian) with the follow-
ing important sequences: augite & hypersthene andesites, hyper-
sthene +- augite andesites ; brown hornblende, hypersthene and augite
andesites, hypersthene, hornblende and augite andesites ; hypersthene
and augite andesites, hypersthene, hornblende and augite andesites,
brown hornblende, hypersthene and augite andesites, hornblende and
hypersthene quartz andesites and (3) the third stage hypersthene and
hornblende quartz andesites (Sarmatian-Pannonian ?). We note the fact
that the last two stages volcanic activity was accompanied by minor
microgabbro and microdiorite intrusions (Berbeleac et al., 1979). We
also mention that pyroclastic rocks corresponding to hypersthene and
augite andesite eruptions are widespread in this region.

The volcanics of the andesitic series may be distinguished es-
pecially by slight quantitative modifications of the hypersthene-augite
ratio, on the one hand and the ratio between these minerals and horn-
blende and feldspars, on the other hand. These variations point to the
presence, within andesitic series, of numerous subtypes characteristic
of the second stage volcanics from the Talagiu caldera (Berbeleac et al.,
1977). We note also some characteristic features of some andesites : the
hypersthene paramorphoses after augite and vice versa ; zoned structures
of augite ; numerous glass inclusions of feldspar phenocrysts and femic
minerals and the presence of some nuclei pointing to exsolution
structures (antiperthites) of zoned feldspar phenocrysts. The variation
within wide limits of the composition of plagioclase feldspar pheno-
crysts (30-65%, An, frequently 40-55%, An) and the abundance in oxi-
hornblende and iron oxides of some andesites should be also mentioned.

Interesting quantitative variations were noticed in the feldspar
phenoerysts distribution ; when they occur in great quantities, the rock
gets the aspect of plagiandesites. Both the porphyry textures and the
groundmass, which js either vitreous and cryptocrystalline or fine
grained, present slight variations. The andesitic rocks structure is
frequently massive, rarely fluidal amd -drusy or spongy.

Among pyroclastic rocks, the breccias and agglomerates are wide-
spread, while the coarse cinerites and the ‘tuffs are searce, thin and
discontinuous. These rocks consist of angular, rarely subangular, ande-
sites of variable dimensions (5-200 cm {J) and different compositions
included in a grey or white-grey microbreccious or microconglomerate
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Chemical Analyses of Some Volcanic

] d Rock %
He: COCRE type Si0; | TiO, | ALO| Fe,0,| FeO | MnO
1 Runcu Hill ahpa 54.71 | 0.97 | 19.07| 3.40 | 3.79 | 0.13
2 | Tosdsel Valley «ahp 54.71 | 0.95 | 18.36| 4.69 | 3.57 | 0.15
3 Tisa Valley ahipa 55.59 | 0.91 | 17.94| 4.32 1 3.87 [ 0.13
4 Trestia Valley wahp | 55.80 |-0.85 | 18.28] 4.32 | 3.1770.15
5 Leasa Quarry " zahp 57.00 | 0.75 | 17.91] 1.44 | 2.92 | 0.12
6 Leasa Quarry «ahp 57.01 | 0.79 | 17.82|'3.25 | 4.24 | 0.16
7 Leasa Quarry «hpa 57.02 | 0.75 | 18.01] 4.21 | 2.87 | 0.15
8 Valea cea Buni § a
Valley zahp 57.04 | 0.82 | 17.42| 4.06 | 3.87 | 0.15
9 Virful Iui Danila Peak ahpa 57.08 | 0.81 | 18.02| 4.12 | 3.35 | 0.15
110 Gura Viil Quarry ahpa 57.09 | 0.80 | 17.92| 5.77 | 1.49 | 0.14
11 Basarabita Valley aahp 57.25 | 0.78 | 17.28] 4.97 | 2.89 | 0.15
112 Satu Valley ahpa 57.26 | 0.85 | 17.76| 3.61 | 3.72 { 0.18
13 Satu Valley S e B
(Plescufa) abbrhp §  57.36 | 0.73 | 18.23/ 5.79 | 1.45 | 0.18
14 Virfuri Quarry ahpa 57.57 | 0.75 {17.64} 3.59 | 3.94 | 0.15
15 Ciungani Valley aahp 58.09 | 0.72 { 17.53] 3.22 1 3.93} 0.17
16 Tisa Valley ahpa 58.17 [0.72 | 17.52] 3.99 | 3.34 | 0.13
17 Bratuleasa "Quarry ahpa 58.28 | 0.70 | 17.36| 3.84 | 3.20 | 0.13
18 Sohodol Valley ahpa 58.38 1 0.79 | 18.11| 5.02 | 1.68 | 0.12
19 Ciungani Valley aahp 58.38 | 0.76 | 17.51| 3.69 | 3.11 | 0.12
20 Virfuri Quarry olipa 58.40 [ 0.69 | 17.46| 4.46 | 2.59 | 0.13
21 Lipsor Valley ahpa 58.45 | 0.72 | 17.94] 2.69 | 4.05 | 0.14
22 Lépsor Valley ahpa 58.48 | 0.75 } 17.90| 3.14 { 3.73 | 0.15
23 Viratec Hill aghhp | 58.65 |G768 | 17.96| 6.13 | 1.41 | 0.14
24 Leasa Quarry ahpa 58.65 1 0.74 | 17.97) 5.06 | 2.18 | 0.11
25 Leasa Quarry ahpa 59.01 |0.68 |'17.81{ 3.26 | 2.94 | 0.14
26 Talagiu Valley aghhp 59.03 [ 0.71 1 17.36) 3.39 | 2.29 | 0.12
127 Cutii Valley eghalip | 50.21 170771 |717.44/ 3,53 | 3.04 | 0.15
28 Bancesti Valley aghbr =}
ahp | 59.23 | 0.80 | 15.10{ 6.34 | 0.74 | 0.17
29 Talagiu Hill aghbr
e lp 59.32 1 0.70 { 17.60} 3.82 | 3.19 | 0.11
30 Valea Baneesti
Quarry aghbr- :
ahp 59.34 | p.62 | 17.82| 4.58 | 2.04 | 0.18
31 Fete Hill eghhpa i  59.57 |7 60 | 17.77| 3.75 | 2.50 | 0.13
32 Runcu Hill aghpa 59.71 |70 70 | 17.72( 3.46 { 3.04 | 0.13
33 Técéseli Valley aghpa 59.77 (7067 | 17.45| 4.18 | 2.10 | 0.14
34 Cutii Valley oghhpa | 59.82 | 0.67 | 17.67| 3.98 { 2.59 | 0.11
35 Ursu Hill oghhpa| 60.37 | 0.66 | 16.87[ 3.52 | 3.01 | 0.14
63 Tarmuri Hill Y 76.16 | 0.43 | 10.53[ 2.95 | 0.29 | 0.036

SYMBOLS : «, andesite; a, augite; h, hornblende ;

hbr, brown hornblende;
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BLE 1 =3 » s
" Rocks from the Zarand Mountains 3 = - Z .
Jofe . < - ! T : . A ‘, Y
MgOo | Ca0 K,0 Na,0 P,0; |H.0| co,| s |Fes) | =
3.98 8.34 113 2.81 0.32 11.09]0.03]0.22]0.19 | 100.18
3,69 8.78 0.84 3.22 0.17 | 0.46 |urme | 0.035| 0.03 99.655
4.16 8.08 0.79 3.00 |- 0.22 |0.76 | 6.12 | 0.076| 0:06 | 100.019
W3TE 7.95 1.04 3.06 | 0.26 [1.32[0.15]0.23 | 0.20 | 100.02
2.69 7.74 0.82 3.29 0.21 | 1.02]1.06 | 0.029 urme | 100.069
L R . 1.00 3.05 0.20 | 0.19 | 0.13 | 0.039] 0.03" 99.979
3.06 7.83 0.84- 322 | 0.19 }0.78 | 1.16 { 0.19 | 0.09 -| 100.37
8.99 7.42 | 0.99 2.88 0.25 |0.75]0.29 | 0.11 | 0.096 | 100.136
3.59 7.594011..22 3.13 0.18 | 0.2570.47 | 0.058| 0.04 | 100.058
404 7.90 "1.18 3.09 0.17 0.49- | urme| 0.047( 0.04 100.167
382 | 7.61 1.18 | 32.85 0.24 |0.74|0.20 | 0.087{ 0.073,| 100.127
TGN =763 0.99 2.89 0.19 [.0.92 | 0.32 | 0.047| 0.04 99.917
2e77=|% 7.59 0.78 3.44 .0.16 71716 | 0.47 | 0.043| 0.04 100.193
3.78 7.67 1.17 3.16 0.19 0.35 | urme | 0.059{ 0.04 100.029
3.61 7.03 1.36 | 3.05 0.21 | 0.20 | 0.34 | 0.080| 0.070 [ 99.61
3.67 7.55 1.23 2.96 0.20 | 0.50 | urme| 0.079| 0.05 | 100.109;
3.76 7.20 1.19 3.17 0.22“°} 0.78 } 0.07 | 0.080] 0.070 | 100.05
s VIR 7.01 1.23 3.11 | 0.18 |1.2510.38 { 0.070{ 0.04 | 100.03
3.85 7.37 1.29 3.15 0.27 -1 0.39 ) 0.14 { 0.080[ 0.070 | 99.68
3.35 7.54 1.22 3.07 0.24 | 0:74 0.11 ] 0.096 | 100.096
3.65 SR7E38 1.16 3.20 0.16 - | 0.28 | 0.20 { 0.072; 0.05 100.146
3.34 7.83 1.30 3.15 0.19 | 0.23{0.25 | 0.10 | 0:09 | 100.03
'3.97 | 6.69 1.28 2.91 0.15 0.90 | 0.19 | 0.054[ 0.05 100.164
2.08 {1 7.8 0.94 3.42 0.19 | 0.55 | 0.30 | 0.033|_urme } 100.023
3.05 || 7.04 1.09 3.34 0.18 | 1.08 { 0.38 | 0.059{ 9-03 | 100.099
3.46 7.19 0.49 2.88 0.24 |'1.65|0.13 | 0.18 | 0.15 | 100.28
73755 7.02 1.25 | 3,07 0.21 | 1.39 | 0.10 | 0.080|-0.070 | 100.18
2.25 6.66 0.90 3.39 0.16 ] 0.73 1 0.25 | 0.040| 0-04 99.80:
3.19 6.35 1.08 2.82 0.17 |.1.34 | 0.20 | 0.074] 0-05 | 100.014
2.33 6.55 1.48 2.91 0.25 | 1.68 | 1.22 | 0.065| 9-056 | 100.121
2.73 7.29 1.13 2.99 0.16 | 1:16 | 0.10 | 0.055| 0.05 99.98
3.03 RRE W T ] 3.17 0.23 | 0.72 | 0.11 | 0.097] 0.084 } 100.201
2.76 7.24 | 0.90 207 | .0.16 |1.23{0.12,|0.21 | 0.035 | 99.81
2.46 7.21 1.19 - | 3.25 0.24 | 0.78 | 0.18 | 0.074] 0.064 | 100.288
3.34 6.55 1.31 2.83 0.18 | 1.02 ] 0.13 | 0.059] 0.04 | 100.029
©.97 3.44 0.38 1.29° 0.087 | 3:08 | 0.24 | 0.065|-0.056 100.004

*i‘ip, hypersthene ; vy, rhyolite

3—c. 239
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rich in rock fragments and volcanic minerals. We note ‘the lack of
crystalline schists fragments, and Mesozoic eruptive rocks from the
- pyroclastic rocks of this region. These rocks are characterized by the
presence of stratified structures and of some sequences of sedimentary
and epiclastic andesitic rocks (marls, clays, gravelsand andesitic con-
glomerates, etc.) as well as by their relatively concentric arrangement
-against the emission centers from the Talagiu and Gura V&ii — Iosédgel
calderas.
i The parallel between ‘the ,pcroducts of the Tertiary volcanic activity
from this region and those from thHe Brad-Sacirimb zone in' the Meta-
liferi. Mountains reveals the following aspects: in both reglons the
volcanism had a synchronous development of different intensity, during
the Badenian-Pannonian ? interval ; the Badenian rhyolites and pyro-
xenes amphibole andesites from Zarand correspond to the first cycle
volcanics from the Metaliferi Mountains (lanovici et al., 1969, 1976) ;.
pyroxenic andesites . (Baxdeman-Sarm;at:lan) from the Zarand Moun’calns
are not encountered in the Metaliferi Mountains, only andesites and
quartz andesites being known here . (Cioflica ef al., 1966 ; Berbeleac,
1966 ; Ianovici et al, 1969); quartz andesites (Sarmahan—Pannoman}
liﬁtle.spread in the ‘Zarand Mountains may be equated, from the petro-
graphic, petrochemical and eruption time points of view, with the
Barza quartz andesites from cycle II, stage II widespread in the Meta-
liferi Mountains (Ghifulescu, Socolescu 1941 ; Ianov1<:1 et al., 1969 ;.
Berbeleac, 1975) (Fig. 1). : -
" This comparison shows also that the maximum mtensﬂ;y of vol-
canic activity from the two regions, was attained at different moments ;
as compared to the Zarand Mountains (Sarmartlan) it had a more recent
manifestation (Sarmatian-Pannonian) in the Brad-S#cirimb zone. This’
fact demonstrates that.the voleanism from the Sdcirimb- Brad-Talagiu-
Tosdge]l volcano-tectonic alignment developed in time from NW to, SE
and in the Zarand Mountalns its cessation coincided with its maximum
interisity™in the central part of the Metahfem Mountains.

' Petrochemlstry of Tertlary Volcamcs

Petroohemncal 1nvest1gat10ns take Jnto account the fresh andesitic
rocks for which 35 chemical (Tab. 1). and spectral (Tab. 2) analyses
are discussed.

- " We note the fact that.besides .petpologtucal information, previous
studies (Savu, Neacsu, 1962 ; Savu 1976) give some data on the ande-
sitic rocks chemistry.

As regards the r‘hyoh‘tmc rocks of this region we mention that
the only chemical and spectral analys1s we dispose of, prevents us from
discussing about, the-generating magma chemistry. Therefore We are
going to refer almost exclusively to the geochemical characteristics of
andesitic ‘rocks, giving 1nformat10n on the nomenclature, dlcEtEerenrha’uon
and orlgm of magmas. .

: "The study of ‘the SiO, (54.71-60. 37%) and KZO (0.49-1.38%,)
variation -of analysed .andesitic. rocks demonstrates that. they may. be
assigned to group II ——-r“sﬂmca” poor andesites (53-56%, SiO, - aLnd
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TABLE 2
Spectral Analysis of Some Volcanic Rocks from the Zarand Mountains
ki 1
No.| Zr | Y Yb,Ga Sc| V.| Cr|{Ni|Co{Mo|Pb{Cu!Zn| Sn|Ba| Sr| La
i | !

14 82| 21|2.718.5 27 245| 25 14 15/ 1| 6.5 100 260] <1/ 225 420 24
Tl 100 | 24 | 3.1 15[ 24| 210, 10| 14| 16| <2| 4| 46] 105 <2| 130] 275
1737|105 | 20| 2.8 19| 32[ 34| 39| 23| 18/ 2 8.5 53| 140 — [ 140 370|
{7 4| 95| 23| 3 18 22| 215 22| 11|13.5( - 4] 6.5/ 110 270 3 | 230| 440 18

51 130 | 32| 3.4 8.5 21| 220{" 8| 12/10.5] 2| 6| 40| 440| —| 165{4.30
6| 80| 23| 3.2 21| 25 260 1512.5] 11] <2 7] 70| 95| <2| 220| 450
7135 | 30 | 3.1] 2t)17.5 180 7| 10f 9.5 1 11| 35/ 300] — | 140 390
T8 | 86| 22| 2.7/17.5] 28/ 210 15| 10| 14| 2|79.5| 120 260 <1| 225/ 300 24
g | 135 | 30 | 2.7 21|25.5] 255" 20| 12| 14| 1{13.5] 41 78

10 | 110 | 231 2.4] 14| 28| 200/ 36| 21| 25| — [13.5] 46

11717105 | 22| 2.8117.5123.5| 175 35/12.5] 19| <1l 12| 57
1121 90 | 29 4| 27 19| 1707 9| 9.5 8| <2 10{13.5

13 60| 32|23 8 10f 80 4.5 5 7l <2 4| 15

14 | 130 |25.5 | 27| 21| 27 275335 18| 15| 1| 14|44.4| 150| — | 260| 350|
115 | 100 | 20 | 2.3] 18 10| 160/ 34/ 12| 16| <1 8 45| 185 3| 370| 410 34
16 1130 | 26 1 2.7 21| 28| 275|727 17]13.50 1| 11| 78| 140} — | 240| 37
Y17 1100 25| 2.6 19|20.5| 165 23| 14/11.5] <1| 6| 23| 230] 2| 260f 320] 32
17181115 126.5 | 3.2/ 9.5 16| 210] o 6| 7.5 0.9 4| 16| 340 — | 200{ 300
179 (105 | 22| 2.6 19| 22| 190 23|11.5] 16| <1| 7.5/ 45| 205| 3.5| 230| 370| 40
20 1115 | 25| 2.6 21 22| 190 -56] 20[11.5] <1| 6| 73| 245 2| 205| 350, 36
21 | 140 | 30 | 2.8 20; 25| 210{27.5| 17{13.5| 1| 28 52| 130| 9| 240| 360
1227|135 (26.5 | 2.8 20| 21} 200[ 9.5 9.5 - 11} 1|" 13| 29| 120| 5.5 260| 400
253|130 | 17 | 2l16.5| 20| 150 — | 13| 18 — | 9.5| 42| 180] <2| 360/ 350

24 | 110 [25.5 | 2.9/ 2.3| 16|17.5 5.5 10| 7| "1} 11| 21} 300, — | 180 400
25 | 130 | 29 [ 3.2)11.5] 13| 125| 5 7.5] 7| 1l 6| 22| 360 — | 170| 300
26 | 100 | 20 2.50 17| 19] 165{12.5] 10 | 12| 1| 6.524.5] 260] 1| 135 280

27 | 115 | 21 | 2.8| 18] 14| 130 5.3| 8 9.5| 10| 21} 30| 260] 1} 290| 310| 18
196|100 20| 2.5 17| 10} 165/12.5] 10| 12| 1| 6.5024.5| 260] 1| 135| 280

og | 125 | 321 4.2(19.5] 14| 115 15| 9| 7.5] <2 6| 22| 100] <2| 230| 270

29 | 105 | 21 | 2.5/11.5] 16} 150| 14| 10| 9.5\ 1| 6| 50| 250{ — | 280| 340

30 [ 130 | 22| 2.8/16.5] 17| 120{ 5.5] 5| 9f 1| 5.5/ 60j 235 2| 355/ 300{ 24
31 | 100 [32.5 | 3.3[17.5| 16| 143| 8| 9 11} <2 7| 15 95 <2| 320| 390

3o | 120 1 22| 2.8] 1817.5| 160l 33{ 7.5{ 10| 7| 7.5] 39| 260| 2.5 260 230 24
1331 521 251 2.8113.50 12| 100 5| 6| 7.5] <2 5| 42| 72| <2] 300{3330 -
341110 221 2.9 18] 15| 130 23| 4.5 9 4 43 20| 260 1.5] 280] 320

35 | 120] 22| 2.4|19.5 23| 185] 62| 16/11.5 1 |12.5| 39106 | — | 300| 300
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0.7-2.5%, K,0) of Taylor’s classification (1968, 1969). The same rocks
projected on the QAP diagram (Fig. 3) enter the field of andesitic
basalts and quartz andesites (Streckeisen, 1967). i

Havmg in view both these facts and the mineralogical data, the
rocks of the andesitic series from this region may be assigned to three

- Fig. 3. — QAP diagram.

IR AR Sy S

main groups : (1) basaltic andesites (< 56% SiO;), (2) andesites
(< 59%, SiOy) and (3) quartz andesites (<620, SiOy).

A detailed study of the main oxides belonging to the three men—'
tioned andesitic rocks groups indicates an increase of Si, K and Na
oxides and a decrease of Ti, Al, Mg and Ca oxides as the basaltic
andesites pass to guariz andesifbes; there are no significant variations
in the values of the other oxides. The distribution of the main oxides .
and of minor elements within the andesitic rocks and the analysed
rhyolite against the Nockolds-Allen index is very well illustrated: on
the diagram on Figure 4. The latter demonstrates that during the-
magmatic differentiation process the oxides as well as the micro-
‘elements showed different values, as follows : SiOy and Ba increase,
AlyO3 is relatively constant and KO and NagO slightly increase as the
NA index increases, while the other oxides and microelements, ex-—
cept Cr, decrease considerably as the NA index increases. There are
frequent excepitions to this general variation tendency, manifested es—
‘pecially by the SiOy, Ga, Sr, Ba, Ni, Co, V and Cu dispersion within
a large field. It is to be noted that Cr exhibits the largest dispersion.
All these facts suggest the existence of different sources for some
andesitic rocks ; the same would be true of the rhyolite from Basa—
rabeasa. It is also possible that during the Tertiary magmatism evolution
in the Zarand Mountains the chemism modifications might be of primary>
nature, this. being prdbanIy also partially due to some contaminatior
. processes.

~
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In'a previous study, Berbeleac et al. (1978) underline the sirong
. calc-alkaline character of the volcanics from the Zarand Mountains and
poj.nt out the similarity between their petrochemical features and those

T 3
, I-UI High
(14)

Middle v.u:_-_

2
o 'Mlddle
ol
<

|—|
e e

SODIC SERIES
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= | ow
Trunsmon [
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Middle falc-olkoliq

High celcic

Exceendingly
supercalicic

CALC- ALKALINE SERIES ~ *-
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~ Fg. 5. — Alkalies-silica diagram {according to Pichler, Werner, 1969).

] G '« Zcrand Mts.

e High.
E Cascade
volcanoes.

— : — — r : — $i0, *fo
45 50 55 60 65 70 75 2

Fig. 6. — Na,O + K,O — Sio; Qiagzjam.

of the calc-alkaline andesitic rocks series from the Izu-Bonin, Asama
(Miyashiro, 1974) and Izu-Hakone (Kuno, 1969) island arcs, the Cascades_
Mountains from the U.S.A. (Gorshkov, 1969) and New DBritain {(Car-
michael et al., 1974). The affiliation of the volcanics in the region to
the calc—alkahne province is pointed out on the d1agram on Figures 5-8.

b
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1, calc-alkaline field ;

2, calk-alkaline line

(according to Kuno,
1969).

On the alkalis-silicas diagram (Fig. 5) the analysed rocks belong to the
extreme gupercalcic and strong calcic field (Pichler and Werner, 1969),
while Figures 6 and 7 show that they had a similar petrochemical
evolution to that displayed by the segment situated between the ande-
sitic basalts and andesites from the Cascajde\S: Mountains (Gorshkov,

= ’
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1969, Carmichael et al., 1974). The same calc-elkaline character of the:
andesitic rocks in ‘the region is also illustrated on the AFM diagram
(Fig. ‘8) where, with a few exceptions, - they are projected in the oalc—
alkaline field of the hypersthene rocks series (Kuno, 1969).

' Petrochemically, the Tertiary volcanics from the Zarand Mounrtams
are also characterized by a slight K;O and NayO variation, namely be-
tween 1-3%, (Fig. 9) as compared to the SiO; increase.
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Fig. 9. — NayO -+ K0 34 4_ X b . P oS B SR ‘,,.j
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Concerning the minor and trace elements of the analysed volcanics
we find that, in agreement with other authors (Nockolds and Allen,
1954 ; Floyd: and Winchester, 1975 ; Winchester and Floyd, 1977, and
others), these rocks may be successfully used in the classification of"
various products of the magmas series and in establishing the differen-
tiation degree

This is possible due to the “immobile” character especially of the
Ti, Zr, Y, Nb, Ce, Ga and Sc during.the secondary alteration processes

76 I .
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64} %
o Trachytes
= sof - e : }
,g ol Andesite‘s 3'. Trachyandesites Fig. 10. — 80y — Zx/
Phonolites ~ TiQ, - diagram.
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et e / Trcchybqscnlles
M Nephelinites
La|
40 1 v 3
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2i/T10,

and the change in their amount with progressive magma differentiation.
"Having in view all these facts, the analysed volcanies were projected
on the SiOy-Zr/TiOy (Fig. 10) and SiO,-Nb/Y (Fig. 11) diagrams. The
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two mentioned diagrams illustrate both the calc-alkaline character of
generating magmas and their low differentiation degree, expressed by
the slight increase of the Zr/TiO, and Nb/Y ratios as compared to the
SiO, increase. These observations agree with the data provided by
-Winchester and Floyd (1977). ] - ’
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Fig. 11. — SiO, — Nb/Y diagram.-
The K,0-SiO, diagram (Fig. 12) was used for estimating the

magma formation. The information provided by this diagram, according
to its authors and those who used it (Hirtherton, Dickinson, 1969 ;

h=300Km

9 -
e h =150 Km
9,31 h=120 Km
x 9.
14 ;
Si0; %/

-Fig. 12, — KyO — SiO, diagram.

Minkovich, Hays, 1972, in Jung et al., 1974) is only informative. Thus
the K,0-SiO, diagram indicates that the andesitic magma formed at
various' depths, frequently between 100-120 km, while the rhyolites
source was at the dgp.“ch of about 10-20 km,
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Conclusions

The volcanic activity from the eastern part of the Zarand Moun-
tains manifested during the Badenian-Pannonian ?. It had a predomi-
nantly explosive character and started in the Badenian by eruptions of
rhyolites and amphibole andesites with pyroxenes (Fig. 12). The vol-
canic activity showed its maximum intensity during the Sarmatian-
Pannonian ? and probably ended during the Pannonian. Its products.
represent an andesitic series consisting of basaltic andesites, pyroxenic

andesites - amphibolites and quartz andesites

TABLE 3

in the Sarmatian-

Yolcanic Tertiary Rocks, Their Age and Correlaiion in the Apuseni Mountains

2
&
(5]
Age _g Zarand Mountains Metaliferi Mountains! [Mures Valley depression
2
g
=
q‘;
2o = Basaltic andesites (De- | Basaltic pyroxenic an- i
S tunata type), andesites, | desites
28 | & pyroxenic quartz ande-
.g E 5 sites and hornblende (Ro-
= tunda, Swurligata type)
A S
g = Diorite Hornblende quartz ande-
S & Quartz andesites sites and biotite (Cetras
Ag (Barza type) type)
Quartz andesites Quartz andesites with | Pyroxenic andesites ,.
g - (Barza type) hornblende and pyroxe- | Amphiboles and pyroxe- |
gal Pyroxenic andesites nes (Barza type), quartz | nes andesites -
“E’ < | Microgabbros andesites with hornblen- | Amphibole andesites
= 5* Amphiboles and pyro- | de, pyroxenes and biotite | Quartz andesites-biotite
%] xenes andesites (Sécirimb type) amphibole andesites
Pyroxenic andesites
= Pyroxenic andesites Andesites, hornblende Biotite andesites
k| Basaltic pyroxenic an- | and biotite quartz ande- | Ignimbrites (Pojoga
g —, | desites sites (Clinel type) and | type)
g o | Amphibole andesites dacites (Rosia Montani
M 'S | with pyroxenes type) Andesites, horn-
5’ Basarabeasa type rhy- | blende 4 pyroxenes qu-
olites (perlites) artz andesites Rhyolites
and rhyodacites (Baita-
-Almasu Mare-Rosia
Montani type)

1 Accordingtolano vicietal 1976; %2 AccordingtoPeltz, Urcan, 1972,

Pannonian ? period. Numerous structural-textural but, especially mine-
ralogical variations marked by the nature and distribution of the femic
and leucocratic minerals were noticed among the pyroxenic andesites.
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A parallel regarding cycles and ages between the volcanic activity
in .the region (Fig. 1) and that known in the Metaliferi Mountains
- (Tanovici et al., 1969, 1976) and the Mures Valley ' depression (Peltz and
Urcan, 1972), ﬂlustra”oed in Table 3, points out the following aspects :
with a few exceptions, - the volcanuc activity manifested during the
Badenian-Sarmatian, may be applied to- all the mentioned regions ;
during the Pannonian, the volcanic activity from the Apuseni Mountains
manifests variously, belng absent in the Mures Valley depresslon and
weakly developed in the Zarand Mountains, while the maximum inten-
sity manifests in the Metaliferj Mountains ; during the Pontian-Upper
Pliocene (cycle III) the volcanic activity seems to have manifested
only in the Metaliferi Mountains and the Mures Valley depression ;
the differentiated products of Tertiary wvolcanism show, with a few ex-
ceptions, remarkable similarities within cycles I and II from the Zarand
Mountains and the Mures Valley depression (Fig. 1), the individual
features being characteristic of the Metaliferi Mountains (Tab. 3) ; the
volcanic products from the east resemble ‘those from the west of the
Zarand Mountains (Istocescu, 1971) ; in all the three regions the magmiais
had a calc-alkaline wcharacter and the differentiation manifested in a
classic way : basaltic andesites — andesites — dacites and rhyolites
and, finally, the postvolcamc—metallogenethc events occur especially at
the level of cycle II, reaching a maximum intensity in the Metaliferi
Mountains region. |
Concerning the origin of the magmas from the Zarand Mountains,
we accept the hypothesis adopted by Ridulescu and Sindulescu (1973)
and Rédulescu (1976) on the explanation of the alpine magmatites
genesis from the Apuseni Mountains, formed in the subduction zone.
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ANDEZITELE PIROXENICE DE ARSITA s
— UN TIP DISTINCT DE MAGMATITE NEOGENE
- DIN REGIUNEA BAIA BORSA (MUNTII MARAMURESULUI) !
j ; DE
TUDOR BERZA?Z ROSETTE IANC?, IRINA BRATOSIN ?

i T

Pyroxenic andesites, Arsita Andesites. Neogene. Hypabyssal intrusions. Petro-
: chemtstry. East Carpathians. Maramures Mts.. Tordiaga-Tiganu. Neogene

.eruptive.
e % * . H
B Abstract -
The Arsifa.: Pyroxenic Andesites — a Distinct

Type of Neogene Magmatites from the Baia Borsa
Region (Maramures Moumtaimns) Several small bodies of brown
hornblende pyroxenic andesites crop out a few kilometers west of the Tifgan-u'l—
Toroiaga-Piciorul Caprei Mts hypabyssal intrusions {(south-east of the Maramures
Mits). Due to their mineralogical and geochemical characteristics, in wvespect to
the eastern intrusions, they have been recognized as a distinct type — the Arsita
andeswes g

Ansamblul de intruziuni hipabisice din masivul muntos Tiganul~
Toroiaga-Piciorul Caprei  (sud-estul munfilor Maramuresului), cunoscut
anterior in literatura geologicd sub denumirea de lacolitul Toroiaga,
se Invecineazid spre sud si vest cu un alt roi de corpuri andezitice care
formeazi, la prima vedere, o coroand de apofize satelite ale grupérii
pmnc1pa1e In completarea studiului petrologic si metalogenetic al mag-
matitelor din muntii Trganul—Tormaga -Picioruil Caprei (Berza et al. 1978,
1979, 1980 a, b), am cercetat si intruziunile 'periferice mentionate, ajun-

gind astfel la o vedere unitard asupra produselor magma'msmulul neo-
gen din regiunea Baia Borsa, zond mai putin cercetatd in raport cu
restul proviniciei eruptive neogene din Carpatii Orientali.

1 Depusd la 11 aprilie 1981, acceptati pentru comunicare si publicare la
13 aprilie 1981, comunicati in sedmta din 16-aprilie 1981 organlzata la Baia Mare
in colabiorare cu IPEG ,Maramures”.

2 Institutul de geologie si geofizicd, str. Caransebes mr. 1, 78344, Bucuresti- 32.
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=N X s =
Intruziunile pe care le prezentdm (fig. 1) care afloreazd in ambii
versanti ai riului Cisla, aval de confluenta cu pirful Secu, si in extre-
mitatea sudicid a bazinului pirfului Novat, nu au ficut pinad in prezent
obiectul unor studii maj aprofundate. Totusi, unele lucrdri referitoare
la magmatitele neogene din regiune le inglobeazd si pe acestea. Astifel,
Zapalowicz a publicat in 1886 prima hartd geologicd din regiune, la

2 Fig. 1. — Schita geo~
\l ‘ ? _LS 1 1’15 2Ikm Jogicd a bazinului in-
| ae— p e ' ferior al Cislei (cu
BTN ; 2 p completiri dupi Zin-
3 1t cenco, 1970 si Szész,
P N - © 7 1 1980) date inedite)
e I R e Y Cuatermar. 1, aluviuni,
grohotisuri ; Pontian ? ;

2, andezite piroxenice
de Arsita; Paleogen- -
Cretacic superior; 3,
‘gresii, argile, marne ;
Paleozoic -inferior; 4,
sisturi crigtaline ; 5i,
| falie!. h
] Esquisse géologique du
bassin  inférieur dz
la riviére Cisla (com-
plétée selon Zincenco,
‘1970 et Szasz, 1980,
données  inédites).
Quaternaire. ~1,; alu-
vions, éboulis; Pon-
tien ?; 2 andésites
pyroxéniques  d’Arsita
Paléogéne-Crétacé  su-
périeur; 3, gres, argiles,
marnes ; Paléozoique
inférieur ; 4, schistes
cristallins ; 5, faille:

,":-——DLRotundui
? / -

l/e/d;?—,p

3

scara 1 :50.000, pe care apar rocile eruptive din zond (Szoke, 1962).
Socolescu (1948, 1952) a realizat o hartd la scara 1:20.000, pe care &
separat majoritatea corpurilor ce vor fi discutate mai jos, iar Dimi-
trescu (1952, 1955) a recartat aceastd regiune (la scara 1 : 10:000), obser-
vind faptul ci majoritatea intruziunilor ce stribat depozitele: palecgene
la vest de Baia Borsa corespund unor andezite eu augit si hornblenda
brund. Szdke (1962) a cartat (la scara 1 :25.000) partea sudicd a intru-
ziunilor din muntii Toroiaga-Piciorul Caprei, figurind si partea vesticd
a’'zonei de aflorare a andezitelor din Arsita. Aceste andezite aw mai fost
separate si de cercetiftorii care s-au ocupat de studiul depozitelor paleo-
gene din regiune : Dicea et al, (1980) si Szasz (1974, 1988 — comunicare
verbald) 3, e e T :
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o Berza et al. (1980 b) au recunoscut in regiunea cuprinsd intre
Cisla si Vaser, in cadrul magmatitelor hipabisice neogene, cinci petro-:
tipuri (andezitele cuartifere de Novicior, andezitele de Toroiaga, diori-
tele cuartifere porfirice de Secu-Novat, andezitele cuartifere de Vertic
si andezitele de Piciorul Caprei), corespunzitoare la cinci faze de intru-
ziune distincte, intregind imaginea elaboratd de Socolescu (1952), care
identificase numaij trei faze de intruziune. Pe cea mai mare parte a.
zonei de aflorare, produsele celor cinci faze se infretaie reciproc in
ordinea datd mai sus, alcdtuind un ansamblu multiplu de intruziuni cu
orientare generald NW-SE, pe o lungime de 15 km si o ldtime maximi.
de 5 km. Din punct de vedere al compozitiei mineralogice si chimice,
cele cinci tipuri de roci au multe caractere comune, care justifici inter-
pretarea intruziunilor succesive ca reprezentind ascensiuni distincte ale
unor magme provenite dintr-o camerd magmaticd in curs de diferen-
tiere. Aceleasi roci au fost recunoscute si la sud de Cisla (Berza et al,
1981), in cadrul unor cormpuri situate in directa prelungire a celor de
la nord de acest riu, sau ca strédpungeri distincte (dealul Magura, pirful
Cercéanelul).

In bazinul inferior al Cislei apar numeroase corpuri mici de ande-
zite care diferd mult de rocile intruziunilor principale din muntii Tiga--
nul-Toroiaga-Piciorul Caprei-Migura. Dupd cum a remarcat si Dimi--
trescu (1953), cel mai adeseori aceste andezite sint piroxenice, avind
fenccristale de plagioclaz, hipersten, augit si hornblendd brund si o
pastd micro- sau criptocristalind. O caracteristici a acestor roci este
habitusul acicular al hornblendei si prezenta unor enclave centimefrice:
alcituite aproape In exclusivitate din cristale idiomorfe milimetrice sau
centimetrice de hornblenda.

In versantul drept al Cislei, intre confluenta cu piriul Secu si cea
cu pirful Fataciuniiy apar numeroase dyke-uri, orientate NW-SE, de
roci porfirice cu indice de culoare mai scizut, alcdtuite din fenocristale
de plagioclaz, hornblendd brund - putin piroxen si cuart si o pastd
microcristalind. Desi aceste dyke-uri au un chimism mai acid, prezenta
piroxenilor, a hornblendei brune si a enclavelor de hornblende mari,
pe de-o parte, si absenta sau aparitia subordonatd a biotitului, pe de-
altd parte, ne fac si includem si aceste roci mai acide la acelasi grup.
Deoarece valea Arsitei oferd deschideri excelente ale acestor andezite
piroxenice, le separdm ca andezite de Arsita.

Andezitele piroxenice de Arsita afloreazd sub forma a nenuma-
rate corpuri cu lungimi de la metrice pind la 2 km si grosimi pind la.
200 m, uneori cu forme capricioase, alteori alungite pe directia NW-SE,
avind caracterul unor dyke-uri verticale (dealurile Stirbului, Vacarului,
Pristovul Laptelui). Unele dintre aceste corpuri tabulare strdbat sub--
orizontal depozitele paleogene cutate (dyke-ul orizontal din wersantul
drept al Cislei, in dreptul confluentei cu pirful Arsifa), sau au inclindri
conforme cu pozitia depozitelor paleogene, reprezentind silll-uri (ver--
santul drept al Arsitei, Valea Rea). La scard mai mare, se remarci
faptul ci toate aceste corpuri apar intr-o zona alungita NW-SE (paralel.
cu intruziunile din Toroiaga) pe 8 km, cu o litime maximi (pe Cisla):

de 3 km. A
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Un corp andezitic care afloreazi in creasta dintre afluentii Bis-
tritei si cei ai Viseului, lJa 3 km nord de Prislop (Patrulius et al.,, 1967 ;
Zincenco, 1970 ; Krautner et al.,, 1974) este alcituit din andezite ase-
manitoare cu andezitele de Arsita, cu fenocristale de plagioclaz, horn-
blendd brund si clinopiroxen si o pasti vitroasid ; si aici am observat
enclavele caracteristice cu hornblende mari, astfel incit atribuim si acest
corp fazei Arsita, fira Insi a susfine existenta in profunzime a unei
continuititi intre corpul de pe Cisla (vizibil la zi doar prin apofize)
5i acest corp, care afloreazi la o distantd de 12 km spre est de cele
mai estice iviri din zona Cisla. i

Lipsa unor relatii directe intre andezitele piroxenice de Arsita si
produsele celor cinci faze de intruziune pe care le-am recunoscut in
regiunea Tiganul-Toroiaga-Piciorul Caprei-Migura nu ne permite situa-
rea exactd a fazei Arsita In raport cu fazele amintite. Totusi, in cariera
veche de la podul peste Cisla din Baia Borsa, M. Borcos a remarcat in
andezitele cuarfifere icu hornblendi brund (tipul mai acid al fazei Arsifa)
o enclavid de roci hidrotermalizate si impregnate cu piritd, asemanatoare
cu dioritele de Secu (comunicare wverbald, 1978). Aceasti observatie
aratd virsta mai noud a andezitelor de Arsita in raport cu faza a treia
din regiunea Toroiaga, dar caracterele mineralogice si geochimice dis-
tincte ale andezitelor piroxenice de Arsita ne fac si le consideram
ulterioare tuturor celor cinci faze amintite. Contrastul mineralogic per-
mite chiar atribuirea lor altui ciclu de intruziuni, despre a cérui virstad
reald nu avem incd nici o informatie.

Agtfel, andezitele de Arsita se remarcd macroscopic prin abun-
denta unor fenocristale mici de plagioclaz (< 1 mm) si a unor horn-
blende aciculare negre. Atunci cind andezitul este proaspit roca este
neagrd, dar In general alterajia supergend impriméa rocilor o culoare
brunéd, sau chiar albiciocasid. Dyke-urile cele mai estice, bine deschise In
carierele din dealul Pristovul Laptelui (versantul drept al Cislei, intre
confluenta cu pirful Secu si cea cu piriul Faticiunii), se deosebesc putin
de restul andezitelor de acest tip, avind un colorit mai deschis datorat
scéderii ponderii maficelor.

O caracteristicd deja amintitd a andezitelor de Arsita este pre-
zenta, pe lingd obisnuitele enclave de corneene (cu biotit si sillimanit)
provenite din invelisul sedimentar, a frecventelor enclave centimetrice
amfibolice. Acestea au o oarecare variatie compozifionald : numai horn-
blendd sau hornblendd si putin plagioclaz, dar diferd mult in privinta
lungimii prismelor de hornblendd (de la 1-2 mm, prin toate taliile inter-
mediare, pind la 5 cm), fird nici o relatie cu amfibolii rocii gazda, care
au intotdeauna o lungime maximd de 5 mm. Un alt tip de enclavi,
care apare Insd mai rar in aceste roci, este constituit dintr-un agregat
de cristale xenomorfe submilimetrice de plagioclaz si clinopiroxen, din
nou fard nici o legdturd cu compozitia mineralogicid a rocii gazdi. Ast--
fel, asemenea enclave apar atit intr-un andezit lipsit de clinopiroxen
(cu hipersten si hornblendd brund), cit si in andezitele cu augit, hiper-
sten si hornblendd brunid. Originea acestor enclave amfibolice sau
piroxenice nu ne este clard. Cele amfibolice aratd o paragenezi in acord
cu cea a rocilor gazdi, dar limitele nete ale ansamblului hornblendi-
plagioclaz si mérimea neobignuitd a prismelor de hornblendd fac dificil
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acceptabild ipoteza originii lor prin acumularea unor cristale timpurii.
Enclavele piroxenice sint cu sigurantd roci antrenate din adincime,.
reprezentind probabil fragmente din -zona de generare a magmelor,
origine posibild si in cazul enclavelor amfibolice, care aratd insid si o-
adaptare la mineralogia mediului Inconjuritor.

Fenocristalele andezitelor de Arsita sint reprezentate prin plagio-
claz, hornblendi bruné, augit, hipersten si, mai rar, cuart; cu totul
exceptional mai apar si biotit si feldspat potasic. Cel mai adeseori horn-
blenda si cei doi piroxeni coexistd, dar au fost Intilnite si cazuri in
care unul dintre aceste minerale este absent, Plagioclazul corespunde-
unui andezin-labrador puternic zonat recurent, clinopiroxenul unuji au--
git lipsit de pleocroism, jar ortopiroxenul unui hipersten, de asemenea.
incolor. Elementul distinctiv al acesbor roci este dat de prezenta unei
hornblende cu habitus prismatic accentuat sau chiar acicular (frecvent.
raportul lungime/ldtime este peste 10) si culori de pleocroism distincte :
brun-roscat dupid Ng si Nm si galben dupd Np; unghiul de extinctie-
¢ :Ng == 18° Frecvent aceasti hornblendi este zonati, avind un pleo--
croism mai intens in zona extericarid a cristalului; uneori cristalele
au o bordurd opaciticd. In dyke-urile maj acide (care au peste 60% SiOs),
apar si fenocristale submilimetrice corodate de wcuarf, uneori si mici
fenocristale de biotit si, Intr-o singurd sectiune subtire, un unic cristal’
de feldspat potasic cu -2V de cinca 25° inclus partial intr-un fenocristal
de cuart. Concomitent, in multe dintre aceste dyke-uri piroxenii dispar-
dintre fenocristale, dar in altele ei persistd chiar la un chimism cu-
639/, SiO,. .

Pasta andezitelor de Arsita are o cristalinitate variabild, de la-
microcristalind (dyke-urile mari din dealurile Custurele si Jneapénul),.
la criptocristalind (majoritatea corpurilor), sau chiar hialinad (intruziunea
de la nord de Prislop). Atunci cind este suficient de larg cristalizata,
se observa cd este constituitd din cristale mirunte de plagioclaz si cuart.

Andezitele piroxenice de Arsita apar fie proaspete, fie afectate-
in diferite grade de fenomene postmagmatice. Dintre acestea cel mai
frecvent este carbonatarea, care este in general insotfitd de cristalizarea
unui cuart idiomorf. Este substituitd in primul rind pasta, dar frecvent-
sint inlocuite si fenocristalele de piroxen. Dyke-urile din Pristovul Lap-
telui au melanocratele (hornblenda bruni - piroxen -+ biotit) pseudo--
morfozate de un clorit brun si sint impregnate cu piritd. O caracteris--
tici a dyke-urilor din partea centrald a zonei de aflorare a andezitelor-
piroxenice de Arsita (dealurile Vacarului, Stirbului, Custurele) o consti--
tuie prezenta unei neoformatii de biotit magnezian (pleocroism slab
in nuante de brun-roscat), care substituie pasta sau fenocristalele de-
piroxeni si hornblenda bruna.

Au fost analizate chimic (tab. 1) si spectral (tab. 2) 15 andezite-
de Arsita. Simpla comparare a acestor valori cu compozifiile celor
cinei tipuri petrografice recunoscute in regiunea Toroiaga (Berza et al.,
1980 b) aratd ci andezitele piroxenice de Arsita se deosebesc atit de-
andezitele de Piciorul Caprei, roci de asemenea in general piroxenice,
cit si de produsele celorlalte patru faze, Astfel, andezitele de Arsitac
sint mai bogate in Si, Al, Ca, Ba si mai sirace in Fe, Mg, Ni, Co, Cr,.
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Sc, V si Zr decit andezitele de Piciorul Caprei. Sub un aspect impor-
tant ele se aseamind insd cu celelalte magmaltite neogene din zoni :
continutul lor in K.O este foarbe ridicat (media 2,4%) in raport cu
cel al andezitelor piroxenice din zona Baia Mare (Borcos €t al., 1979}
sau din muntii Cidlimani-Gurghiu-Harghita (Peltz et al., 1973).
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Fig. 2. — Diagrama de variatie Nockolds-Allen a‘andezitelor piroxenice de Arsifa.
Diagramme de 'variation Nockolds-AHen des andésites pyroxéniques d’Arsiia.

Pentru urmérirea- variatiei chimismului rocilor analizate, s-a con-
struit diagrama clasica Nockolds-Allen (fig. 2), in care se observd ca
andezitele de Arsifa- formeazd o serie continuid, cu dlferentla’oe mai
acide (provenite in special din- partea nord-esticd a zonei de aflorare),
avind indicele NA cuprins intre 2 si 8. Retine atentia variafia regulatd
a Si, Fe, V, Mg, Cr (fapt surprinzdtor, cromul ardtind frecvent o com~
portare dezordonatd), K si Ca 'si relativ regulati a Sec, Ni, Co si Ba;
doar Sr are wvalori oscilante necorelabile cu indicele NA. Acest aspect
al diagramej de variatie conrfmma atrlbumea fazei Arsita a dyke-urilor
de andezite cuartifere cu hornblendi bruni <+ piroxen =+ biotit din
dealul Pristovul Laptelui, care reprezintd polul acid al atoesbor roci.

&
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Separarea andezitelor piroxenice de Arsita fatd de andezitele din
intruziunile principale care afloreazé in muntii Tiganul-Toroiaga-Piciorul
Caprei-Mégura, permite intelegerea dispozifiei intruziunilor din regiu-
nea Baia Borsa, care apar grupate in doud ansambluri. Primul, si cel
mai important, este orientat NW-SE pe 15 km (cu o litime maximi de
5 km), apoi N-S incd 5 km (zona Magura-piriul Cercénelul) si cuprinde
numeroase corpuri (cel mai adesea dyke-uri) cu andezite cuartifere de
Novicior, andezite de Toroiaga, diorite cuartifere porfirice de Secu-
Novit, andezite cuartifere de Vertic si andezite de Piciorul Caprei. La
2 km vest de cele mai vestice aparitii din acest grup, apar primele
corpuri din al doilea ansamblu, orientat de asemenea NW-SE (8/3 km).
Aria de aflorare, compozitia mineralogicd si anumite particularitati
geochimice ale andezitelor din al doilea ansamblu justificA separarea
lor ca un tip distinct, andezitele piroxenice de Arsita, si interpretarea
acestor aparifii ca apofize ale unuj corp important, orientat paralel cu
cele din muntii Tiganul-Toroiaga-Piciorul Caprei-Migura, dar situat la
citiva kilometri vest de intruziunile amintite. Existi indicatii c& ande-
zitele de Arsita sint mai noi decit magmatitele din ansamblul estic,
considerate pannoniene (Borcos, in Berza et al., 1980 b). In acest caz,
andezitele piroxenice de Arsita ar putea fi pontiene, reprezentind pro-
dusele unui ciclu aparte. Prezenta unor roci identice in corpul de la
nord de Prislop aratd importanta regionald a acestui tip, care va fi
probabil corelat cu andezitele piroxenice din zone mai sudice ale lan-
tului eruptiv al Carpatilor Orientali.

3 Multumim colegului L. Szész pentru ajutorul dat la reperarea numeroase-
lor iviri de andezite cantonate in depozitele paleogene.
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INTREBARI . ' = .

] G. Udubasa: 1. Care este relatia dintre andezitele 'faz'ei‘ a cincea (de -
Piciorul Caprei) si filoanele din masivul Toroiaga ?
2. Daca in andezitele plroxenlce de Arsita au fost observate relafii directe
intre plagioclazi si ortopiroxeni ?,

Raspuns : 1. In galeria dlrectionaié pe filonul Domnigoara de la orizon-
tul -8 am observat cum filonul Domnisoara, orientat NE-SW, intersecteazi doud
dyke-uri metrice de andezite de Piciorul Caprei, orientate NW-SE, canfonate in
diorite de Secu. . '

2. Nu am observat relatii intre plagioclazi si ortopiroxeni, dar am remarcat
cristale marunte de clinopiroxen incluse in plagxocbaz 3

M. Osian: Daci, si In c¢e misurd, andezitele de Arsita, care smt prin
excelentd raspindite in zonele de aflorare a cuverturii sedimentare, asimileazi sau
sint influentate intr-un fel carecare de rocile gazdi ? iy

Rdspuns : Am premarcat in andezitele de Amsita frecvente enclave centime-
trice de corneene cu silimanit si biotit formate pe seama depozitelor paleogene.
Evident, destrdmarea acestora in fragmente milimetrice, sau mai mieci, duce la ©
usoard contaminare a acestor andezite, dar acest fenomen are probabil o pondere
neinsemnati, observatiile microscopice si datele chimice pledind pentru lipsa unei
contamindri a magmatitelor, situatie normald in cazul unor magme care s-au
consolidat rapid datoritd dimensiunii mici a corpurilor si nivelului superficial

al intruziunilor. 5




e TIV e ' ANDEZITELE PIROXENICE DE!AR$ITA DIN REGIUNEA BAIA BOR$A 57

LES ANDESITES PYROXENIQUES D'ARSITA
— UN TYPE DISTINCT DE MAGMATITES -NEOGENES
DE LA REGION DE BAIA BORSA (MONTS DE MARAMURES)

Lo (Résumé)

Les magmatites néogénes des monts Tiganul—’l"oroiaga—Pic‘i,orul Caprei (sud-
est- des Monts de Maramures) appartiennent a cing phases d“mtrusion sweces-
sives, pendant lesquelles ont été mises en place les andésites quartziferes de
Novicicr, les andésites de Torofaga, les diorites quartziféres porphyriques de Secu-
Novét, les andésites quartziféeres de Vertic et les andésites de Piciorul Caprei’
(Berza et al, sous presse). Ces roches-la constituent des corps qui s'entrepéné-
irent, suivant l'ordre mentionné ci-dessus, dans une zone orientée NO-SE sur
15 km avec une largeur maximum de 5 km. A quelques kilométres ouest de cet
ensemble d’intrusions, affleurent de nombreux petits corps d’andésites pyroxé-
nigues & hornblende brune qui, par leurs traits minéralogiques et géochimigques
particuliers par rapport aux cing types de l'ensemble orientsl, ont été délimités
comme un type distimet — les andésites d’Arsita. De nombreux dykes et sills
(dont la longueur atteint des centaines de meétres et I'épaisseur varie de quelgues
metres & quelques dizaines de meétres) sont présents dans une zone allongée
NO-SE, sur 8/3 km et représentent les apophyses d'un corps plus important.

Les andésites d’Arsila ne sont pas en contact avec les produits des cing
phases d’intrusion de l’ensemble oriental, mais en considérant une enclave de
diorite de Secu. identifiée par Borcos a Baja Borsa on peut les considérer plus
récentes que les phases pannonienmes mentionnées ci-dessus. Ainsi on pourrait
attribuer les andésites d’Arsita au Pontien, en les considéranti les produits d’un
cycle distinct. L’occurrence des roches pa-\\l-l& dans un petit corps situé & 12 km
est de l'affleurement principal démontre’ I'i iportance régionale de ce type-la, gui
sera probablement mis en paralléle avec les andésites pyroxéniques des zones
méridionales de la chaine éruptive des Carpathes Orientales.

1
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

NOI DATE ASUPRA STRUCTURII EDIFICIULUI VULCANIC
SACARIMB !

DE

GHEORGHE ISTRATE, MARGARETA DAVID? ALLA ZAMIRCA?
FLORICA POPESCU ?

Volcanic rocks. Andesites. Mesozoic gabbros. Crystalline basement. Volcanic
structure. Subvolcanic body. Neogene. Petrochemistry. Apuseni LMts. Neogene
eruptive. Brad-Sdcdrimb sector.

Abstract

New Data on the Structure of the Sdcadrimb Vol-
canic Edifice The detailed sludy of boreholes Fa, Ty, Fa Fe and Fyy
from the Bocsa area pointed to new data on the structure of the Sicarimb
volcanic edifice. Andesitic lavas of Sacadrimb type, 300-350 m thick, with the
lower limit at an altitude of 500-550 m, crop out ; the andesitic lava cover overlies
'a sequence of detrital deposits assigned to the “Almasu Mare gravel complex”,
pre-Badenian (Carpatian) in age. The boreholes crossed biotite and hornblende
quartz andesites (Cetras “dacites”), which are rather highly hydrothermalized and
occur below the 500 m altitude. Borehole Fy crossed a neck on almost 400 m and
the borehole battom still lies on these voleanics. Two boreholes (F, and Fu)
crossed a gabbro body. Its upper limit reaches the 400-410 m point. F, crossed
the gabbros on 130 m — between m 474-603 — and its bottom is still lying on
gabbros, at an absolute altitude of 270 m., The upper limit of the F; gabbro body
exhibits an intensely limonitized “perigabbroic” alteration crust, 5 m thick. Fy;
crossed the gabbros on 71 m, between m 437-508, in which case the rocks are
highly hydrothermalized. It is worth mentioning that the gabbros overlie epi-
metamorphic crystalline schists. Boreholes F3 and Fi, crossed epimetamorphic
crystalline schists at the greatest depth. In the case of ¥y, from m 603 to the
bottom (m 650) the absolute aititude of 180-230 m. In the case of Fy, between
m 508-550, the absolute altitude of 290-332 m. Taking into account the northern-
most occurrences of metamorphic rocks in the Varnaga zone, where they crop
out at an altitude of 350-500 m, it may be inferred that in the Bocsa area, 5 km
northward, the metamorphic rocks sank only by 150-200 m.

1 Depusid la 15 mai 1981, acceptati pentru comunicare si publicare la
15 mai 1981, comunicatd in sedinta din 19 mai 1981.
2 Institutul de geologie si geofizicd, str. Caransebes nr. 1, 78344, Bucuresti 32.
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In regiunea Bocsa-Sicirimb au .fost executate in ultimii ani o
serie de foraje pentru cercetarea zacidmintului in extindere pe orizontald
si in adincime, a perspectivei identificirii de noi mineralizatii plumbo-
zincifere si pen’oru descifrarea structurii geologice de ansamblu si de
detaliu. In cele ce urmeazi se prezinti principalele rezultate reiesite din
studiul detaliat al formatiunilor geologice: intilnite in forajele F 3, ¥ 4,
F 28, F 6 si F 10, executate de IPEG-Hunedoara in zona Bocsa, la no.rid
de Sacirimb.

1. Prezentarea datelor oferite de foraje

rimele cercetdri geologice in regiune dateazi de peste doud secole
" ca rezultat al interesului pe care l-a trezit descoperirea zicimintului
de la Séacirimb, in anul 1744. Partsch (1826) pare a fi primul care
mentioneazd existenfa minei Leopold (Bocsa) in care descrie mai multe
filoane si stockuri - in’oerhcep’oate prin lucriri minjere. Se pare cid mina
aceasta (denunnta ulterior si ,,Baia de plumb®) este cu mult maj veche,
dacd se are In vedere cd chiar la acea datd era inaccesibild. De' atunm
au apirut si alte informatii scrise, dar lucririle vechi prezmta astazi
maj mult un interes istoric. Mentiondm dintre acestea, lucridrile lui
Inkey (1882), Semper (1900), Palfy (1901, 1912), Nopcsa (1900) Contri-
butii notabile la studiul regiunii Sdcidrimb au adus Helke (1934),
Giugcd (1935, 1936), Ghitulescu si Socolescu (1941), Rédulescu (1954,
1956), Udubasa et al. (1976).

Localizarea forajelor de la Bocga (mord de S#carimb) se poate urmiri pe
schita geologicd (plansa). Forajele F 3, F 28, F 6 si F 10 se dispun pe un alinia-
ment orientat aproximativ NNW-SSE, pe o distan{i de circa 800 metri, avind
intre ele intervale de 250-300 m. Forajul F 4 se aﬂé la circa 400 m spre vest de
acest aliniament, la sud de dealul Grozii. 4

Forajul F 3 a fost amplasat la circa 320 metri nord de dealul Grozii (885,0 m)
la altitudinea de 840 metri. Adincimea forajului este de 650 m. De la supna:fata
. spre adincime au fost intilnite urméatoarele formatiuni (planga) :

m 0-326 — andezite cuartifere cu hornblenda si biotit, in general cu aspect
proaspit, desi de reguld sint propilitizate. Ele contin destul de frecvente anclave-
homeogene mérunt cristalizate de tipul microdioritelor porfirice. Pe anumite inter-
vale se remarcd argilizdri mai mult sau mai putin avansate, roca devenind albi-
cioasi si pierzind din duritate (m 0-26 ; 127-168 ; 305-326). Primul interval de la
suprafatd (0-26 m) reprezinta andezntul arglllzat prin efect combinat, alteratie
hidrotermald 4 superficiald (scoartd de alterare), iar intervalul m 305-326 se afld
la limita andezitului cu rocile sedimentare invecinate. In intervalul 127-168 m s-ar
putea localiza o fracturd — cale de acces pentru solufiile hidrotermale. .

m 326-382 — complexul pietrisurilor de Almasu Mare. La m 326 se afli con-
tactul andezit-argilizat/gresii albicioase fine. La m 327 se intilnesc marme cenusii
aseminidtoare marnelor cu globigerine (40 cm grosime), putind reprezenta baza
Badenianului (Tortonianufui) sub care se intilnesc depozitele carpatiene (helve-
tiene) caracteristice complexului ,,pietxiSqrﬂor“. In infervalul 326-348 m se pare
cd forajul a mers aproximativ pe Hmita andezit/pietrisuri, decarece existi alter-
nanie de andezite (intens argl.h.za*te si brecifiate cu depuneri de minerale argi-
loase, carbonati si zeolifi) cu gresii §i pietrisuri albicioase. De remarcat la m 341
o, apofiza, poate un dyke, de 1 m grosime de andezite -cu biotit (.cnsrbale ce pot

A . o
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atinge 3 mm), cenusii-negricioase, dure, aproape proaspete. Sub m 348 se infflnesc
pietrisuri, conglomerate albicioase apoi gresii micacee grosiere si mai fine, rosii
sau cenusii. In intervalul m 379-381 revin conglomeratele alb-gélbui cu elemenite’
de cuariite albe, perfect rulate, de 0,5-2 cm iar la m 382 se afld contactul gresii
fine micacee cenusii/dacit tip Cetras?® silicifiat, cu tentd ruginie (datoriti apro-
pierii contactului cu gresiile micacee albe si rosii).

m 382-521 — dacite de Cetras (andezit cuartifer cu biotit si hornblenda
tip Cetras). Pe intervalul superior, m 382-433 dacitul este destul de intens alterat
hidrotermal (argilizare si silicifiere), incit devine albicios (cu exceptia m 392-394
in care dacitul este aproape proaspit). Intre m 435-521 dacitul este proaspit, rar
cu anclave de microdiorite. La m 521 este contactul dacit de Cetras (cu usoara
texturd rubanatd)/argile si siltite micacee rosii carpatiene (helvefiene),

m 521-598 — complexul pietrisurilor de Almasu Mare reprezentat prin argile
si siltite micacee rosii, gresii rosii si cenusii, microconglomerate. Intre m 591-598
conglomerate albe-gdlbui. La m 598 contact conglomerate albe/argile si gresii
rubanate negre. i

m 598-603 — argile si gresii rubanate megre, aproape cadrbuncase, in parte
brecifiate spre adincime, reprezentind termeni ai flisului grezos-marnos santonian-
maestrichtian din bazinul Geoagiu.

m 603-650 — sisturi cristaline epimetamorfice. La inceput (m 603-605), sisturi
cuarto-sericitoase, apoi m 605-607 sisturi cloritoase cu o intercalatie de metadolerit
la m 606. In continuare m 607-638 sisturi cuarto-sericitoase -+ porfiroblaste de
albit si m 638-650 sisturi cloritoase.

Forajul 4 a fost amplasat in dealul Grozii, la altitudinea de 870 m. Adin-
cimea forajului 603 m.

m 0-321 — andezite cuartifere cu hornblendd si biotit (tip Sacarimb) slab
propilitizate, pe alocuri prezentind usocare argilizari si brecifieri. La m 321 con-
tact andezit/gresii cenusii deschis.

m 321-468 — pietrisuri de Almasu Mare (gresii micacee rosii si albe micro-
conglomenate si conglomerate albe).

m 468-474 — marne si marnocalcare cenusii cu diaclaze de calcit breci-
fiate — probabil senoniene.

m 474—479 — crustd de alteratie limoniticd perigabbroica.

m 479-603 — gabbrouri mai mult sau mai puiin alterate, in special la nive-
lele superioare aproape de contactul cu depozitele sedimentare. La m 516-520, zona
de alterare a gabbroului care devine foarte leucocrat, alb cu diaclaze cenusii sau
albe-verzui, de calcit, anckeri{ si clorit. La m 541-542 gabbrouri méirunte, proas-
pete, dure, compacte. La m 572 si 582 ge intflnesc filonase subtiri de clorit sau de
calcit si analcim sau filonase de analcim, cu tenta verzuie, de 1-2 mm, ce tra-
verseaza roci aparent proaspete.

La m 587 microgabbro, intercalatie sau dyke in gabbro larg cristalizat. Intre
m 591-594, gabbrouri pestrite, alterate, alb-verzui albitizate, usor brecifiate. In
talpa forajului, in intervalul m 596-603 se intilnesc gabbrouri cu magnetit larg
cristalizate, proaspete, negre, dure cu rare diaclaze de calcit si analcim.

Forajul 28 este situat la est de dealul Grozii, la altitudinea de 845 m. Adin-
cimea forajului 550 meftri. '

m 0-319 — andezite cuartifere cu hornblendd si biotit (tip S&carimb) mai
mult sau mai putin propilitizat, pe unele intervale, in general limitate, Intilnin-
du-se intense argilizari. Pe intervalul 0-26 m se Intilnesc andezite argilizate si
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mineralizate cu piritd, gelend si blendd ; argilizdri se recunosc si pe intervalele
‘m 47-48, 90-94, m 101-102, m 220-221 si 230-234.

m 319-437 — pietrisuri de Almasu Mare (gresii albe cenusii, conglomerate
.albe, argile-marnoase cenusii allbiciloase_).
m 437-508 — gabbrouri puternic alterate, pesirite, alb verzui, cu piritd

.diseminatd si cu filonage de piritd, blendi, galeni si gangd de calcit alb-gilbui,
-dolomit.
A m 308-550 — sisturi cristaline epimetamorfice. Se Intilnesc sisturi cuarto-
ssericitoase cu granat + porfiroblaste de albit.

Forajul 6 se afld la 250 m SSE de forajul 28, la altitudinea de 835 m. Adin-
cimea forajului 700 m.

m 0-289 — andezite cuartifere cu hornblendid si biotit (tip Sdcarimb) propi-
‘litizate si pe anumite intervale argilizate (m 0-95; 155-165; 260-270).

m 289-292 — gresii si argile grezoase cenusii albicioase.

m 292-309 — andezite cuartifere cu hornblenda si biotit, alterate hidrotermal
si brecifiate ; filonase de minerale argiloase, calcit si cuart.

m 309-311 — gresii si pietrisuri albicioase. Intre m 289-311 se pare ci
‘forajul a mers pe contactul andezit/pietrisuri de Almasu Mare.
m 311-700 — dacite de Celras in general argilizate si silicifiate, impregnate

‘cu piritd, decolorate (cenusii-albicicase) ; prezintd anclave homeogene microdio-
ritice. Intervale de argilizare mai puternicd : m 327-330 ; 361-381 ; 522-553 ; 5865-570 ;
“602-608 ; 645-649 ; 680-700. Este posibil ca acesta si reprezinte un neck de dacit
«de Cetray, avind in vedere intervalul foarte larg pe care a fost interceptat, struc-
tura holocristalin-porfiricA a rocii si alterarea hidrotermald avansati, cu r’nine-
ralizatie diseminatd si ca filonase fine.

Forajul 10 a fost amplasat la 330 m SSE de forajul 6, la altitudinsa de
820 m. Adincimea forajului 640 m.

m 0-320 - andezite cuartifere cu hornblendd si biotit propilitizate si
argilizate pe intervalele : 0-35 m ; 82-86 m ; 100-105 m ; 149-152 m ; 250-292 m. Se
-ohservd frecvente zone de brecifiere si este sugerati o intensd circulatie hidro-
termald. La m 304 andezitul este intersectat de o apofizi sau un dyke de andezit
relativ proaspat, cu fenocristale marunte. '

m 320-323 — gresii cenusii dure si rmicroconglomerate. La m 322 apofizid de
andezit marunt cristalizat de culoare inchisi.

m 323-470 — dacite de Cefras propilitizate, pe alocuri usor argilizate.

m 470-473 — gresii cenusii-albicioase, brecie cu fragmente de andezit su-
:gerind contactul apropiat cu marginea unui corp.

m 473-639 — andezite cuartifere-microdiorite cu hornblendd si biotit, cu
aspect de clastolavd, fragmentate, propilitizate si argilizate. La m 499-531 si la
m 599-600, dyke-uri de andezit intersecteazia andezitul cuartifer. '

2. Caracterele petrografice ale formatiunilor intilnite in foraje
2.1. Sisturi cristaline epimetamorfice

Din lucrarile anterioare se cunostea ci sisturile cristaline epimeta-
morfice ocupd o suprafatd importanti la sud de S#cirimb, constituind
asa-zisa insuld cristalind de la Rapolt, larg reprezentati intre Virmaga
si Geoagiu Bai., Aceste formatiuni metamorfice au ficut cobiectul unor
studii detaliate de catre Palfy (1901) si Nopesa (1905), ultimul atribuind
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filitelor virsta devoniand si considerind calcarele cristaline ce le insotesc
ca titonic-neocomiene. Palfy distinge un orizont de filite si de calcare
cristaline pe care le atribuie Carboniferului si un orizont de sernifite
cu intercalatii de roci porfiroide de virsti permiani, Ghitulescu si Soco-
lescu (1941) au descifrat in cadrul cristalinului pe care-1 denumesc ,,Se~
ria de Mures“ o structurd anticlinald orientatd ENE-WSW cu un nucleu
de calcare cristaline prezentind in flancul nordic incliniri de 30-40°
spre nord, in timp ce spre sud inclindrile sint mai slabe. In succesiune
stra“cigraﬁcé calcarele cristaline sint cele mai vechi fiind urmate de
sernifite si de filite situate la partea superioard a seriei. Luind in con-
sideratie si ivirile din zona “Branisca-Bejan, de la Nevoias, Sulighete,
Cébesti si Gealacuta, de la sud de Dumesti, autorii argumenteazi ci
acestea reprezinti continuarea la nord de Mures a cristalinului din
Poiana Ruscd care aici se dispune sub depozitele cretacice si sub ,,com-
plexul melafirelor® fiind deci mai vechi ca acestea. De remarcat ci
acesti autori mentioneazd prezenta fragmentelor de roci metamorfice in
filoanele de ,,glauch® de la Sacirimb, ceea ce denotd continuarea funda-
mentului cristalin pinad sub edificiul vulecanic.

Unele dintre aceste concluzii au fost confirmate ulterior si de
Berbeleac (1970) in studiul consacrat insulei cristaline Rapolt unde
sint separate patru complexe : a) carbonatic, reprezentat prin calcare,
calcare dolomitice si dolomite-dolomite ankeritice ; b) carbonatic-cuar-
titic ; ¢) filitic-conglomeratic si d) complexul rocilor porfiroide. Ultimele
doud complexe au fost afectate de procese metasomatice alcaline (pota-
sice) din care au rezultat pegmatite.

Cea mai recentd interpretare a cristalinului de Rapolt se giseste
in harta geologicd nationald, scara 1:50.000 foaia Geoagiu redactatd
de Bordea et al. (1978). Aici, sisturile cristaline sint impdirtite in cadrul
a doud serii ce pot fi echivalate cu seriile metamorfice din muntii
Poiana Ruscd : seria de Pades si seria de Viarmaga, ultima ocupind
suprafete mult mai restrinse in coltul nord-vestic al insulei cristaline.
De remarcat cd cele mai nordice "iviri de metamorfite figurate pe
aceastd hartd, cele mai apropiate de edificiul vulcanic S&carimb, sint
filitele si sisturile sericitoase-cuartoase ce. afloreazd intre dealul Ledi-
soiu si Cepturar la altitudinea de circa 600 m si metatufurile acide,
filitele, cuartitele si metaconglomeratele de pe valea Viarmaga, la sud
de Lidisoiu, la o altitudine de sub 500 metri.

In cazul forajelor, trebuie ardtat ci diagnosticarea precisi a aces-
tor roci este destul de anevoioasd deoarece rocile sint fin cristalizate,
destul de milonitizate si traversate de o retea destul de deasd de filo-
nase si diaclaze de carbonati, cuar{ sau clorit. Studiul microscopic deta-
liat a permis stabilirea urméatoarelor tipuri de roci : filite, sisturi cuarto-
clorito-sericitoase cu porfiroblaste de albit, cuartite sericitoase si sis-
turi cuarto-sericitice, sisturi sericito-cloritoase cu porfiroblaste de albit
si granat. Mentiondm de asemenea in forajul F 3 la adincimea de
606 m aparitia unui metadolerit destul de intens alterat in faciesul
albit-calcit-clorit; primele minerale provenind pe seama plagioclazului,
ultimul prin alterarea piroxenului. In celelalte roci enumerate, mine-
ralele esentiale sint cuartul,” sericitul si cloritul, iar atunci cind este
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mentionat, albitul.se giseste totusi in cantitate redusi, sub 5% si la
.dimensiuni ce rar ating 0,8-1 mm. Porfiroblaste de granat, de 0,2+0,4mm,
 xenomorfe, destul de frecvente au fost intilnite intr-o ‘singurd probi
provenind din forajul 28, de la adincimea de 530 m. Subliniem prezenta
.granatului in primul rind pentru ci sugereazd gradul cel mai fnalt
de metamorfism atins in aceastd regiune, si apoi, deocarece ni a mai
fost semnalat in cristalinul Rapoltului. Dintre mineralele accesorii men-
Aiondm apatitul, zirconul, pirita si turmalina care sin‘t cele maj frec‘vente.

910} Gabbroum gabbrouri cu hornblendd, gabbrouri cuartifere,
mzcrogabbroun

Dupéd cum s-a mentionat, gabbrourile au fost interceptate in doud
foraje, F 4 si F 28, la altitudinea de 300-410 m, reprezentind probabil
un corp alungit est-vest. In forajul 28 identificarea gabbrourilor s-a
facut cu mare dificultate deoarece rocile au suferit o intensi alterare
Jhidrotermald si superficiald, rezultatul fiind o rocd moale, albicioasd
.sau alb-verzuie pestritd, aceste -nuante fiind determinate de natura
.mineralului precursor : pe seama plagioclazului se intilneste acum albi-
-tul larg dezvoltat, atingind 3-4 mm sau formind un mozaic fin (cris-
‘talele fiind acoperite cu o pulbere brunie de caolin si prezentind macle
-caracteristice maj ales in cazul cristalelor mari), in timp ce pe seama
piroxenului intilnim acum un agregat de clorit si carbonat. Uneori alte-
_rarea mineralelor primare este si mai intensd, ne mai putindu-se recu-
noaste structura initiald, ci doar produsele de alterare : albit + -carho-.
.nati (calcit, dolomit, ankerit) = 90%,, restul reprezentind clorit, cuart,
hidromuscovit gi multd piritad pmovenita pe seama magnetitului.

Intr-un stadiu de alterare mai putin avansatd au putut fi identifi-
-cate relicte de plagioclaz, maclate albit sau albit-Karlsbad, ce au permis
estimarea compozitiei initiale la valori de 65-67% An (dec1 labradorit
bazic), restul cristalelor fiind substituite de caleit si illit. In acest caz
.se conservd si conturele initiale ale piroxenului, acum total inlocuit
de clorit - carbonat. In acest stadiu deosebit de caracteristici este
.alterarea titanomagnetitului care conserva forma si dimensiunea ini-
‘tiald ce sint sugerate de un schelet de lamele de leucoxen (pe fostele -
lamele de ilmenit) dispuse in trei seturi cu unghiuri de 60°; spatiile
dintre lamele sint ocupate de clorit, oxizi de fier (pe fostul magnetit)
sau acesti oxizi pot fi complet levigati si ei. Singurul mineral primar
ce nu se altereazd este apatitul, foarte frecvent asociat spatial cu titano-
.magnetitul, acum alterat.

Un fapt ce trebuie subliniat este marea abundenta a aﬂjblrtulm la
‘nivelele adinci (m 477 si mai jos) si lipsa acestui mineral la nivele supe—
ricare unde intilnim - asociatia , caﬁbonatl—!hﬂdromusoorvﬂ:-aclorlt—cuart—
leucoxen. :

Forajul 4 a pus In evidentd corpul de gabbroun pe un interval de
130 m, la altitudinea de 270-400 m. Studiul detaliat a] carotelor si apoi
;q’cud:ul microscopic au aritat ci se intilnesc atit roci proaspete cu rare
filonase de clorit, calcit -|— analcim cit si roci mai slab sau ma1 intens
alterate. De remarcat i au fost intilnite si doud nivele subtlrl de cite
un metru de microgabbrouri cu augit si hornblendd (fig..1). In general,’
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gabbrourile din forajul 4 sint roci cu granulaie medie ce constau din

plagioclaz si clinopiroxen, la care se’ adaugd foarte frecvent, desi in

cantitdti subordonate, hornblenda. ) |
Plagioclazul este bine dezvoltat, atingind uneori 7-8 mm, fiind

echidimensional sau usor alungit avind o compozitie de 52-67%, An,

Fig. 1. — Foraj 4 — Dealul Grozii —’'Detalii la g ifele’e%e

' corpul de gabbrouri. .

1, conglomerate si gresii micacee albicicase; ‘2, sil- i g

‘tite, marne cenusii; 3, marne si marnocalcare cu AT A TH

Wliaclaze de calcit; 4, crusta de alterare perigab- ,T\ o
R T N

broicd ; 5, gabbrouri pestrite, brecifiate, alterare; 6,
gabbrouri intens alterate albe; 7, albitizare intensd ;
8, - gabbro proaspat, gabbro cu hornblends, diaclaze ;
9, microgabbro ; 10, gabbro cu magnstit ; 11, analiza
chimbed-+spectrald ; 12, sectiuni subtiri, Abrevieri :

Ab+Chl +Cc+Q + Lx

>Ab 3-5%an

Ab — albit, Chl — clorif, Ce — calcit-+mangano- Ce
caleit, @ — quart, Lx — leucoxen, An - anal- RPNTR
cim+natrolit. = Sves e,
Forage 4 — Dealul Grozii — Détails au corps de Rl @3
gabbros. iE R AR ==
1, conglomérats et grés micacés blanchatres ; 2, sil- j::ummm faloie -
tites, marnes grisitres ; 3, marnes et marnocalcaires T o T 5
A diaclases de calcite; 4, crolte d’altération péri-ssa»' o T o m 6
gabbroique ; 5, gabbros bariolés, bréchoides, altéra- TS T
tion ; 6, gabbros intensément alltérés blancs ; 7, albi- Luiday
tisation intense; 8, gabbro frais, gabbro & horn- sl " 8
blende, diaclases; 9, microgabbro; 10, gabbro a T Tdan o g
magnétite ; 11, analyse chimﬁque+spect‘rale s 120 T A ¢ —
coupes minces ; 13, analyses rayons X. Abrégements: A T a T&T 0
Ab — albite, Chl — chlorite, Cc¢ — calcited-man- AT a n.
ganocalcite, @ — quartz, Lx — leucoxen, An — A=A o 12
analcime =+ natrolite. 7_;" ‘:_“
6018/ ¢

ifrecvent fiind un labradorit normal cétre bazic. De reguld este maclat,
maj ales macle polisintetice de tip albit, mai rar si periclin, alteori
aparind si indicii de macle mecanice, cind maclele de tip albit prezinta
terminatia lamelelor ascutitd sau sint usor contorsionate. De reguld cris-
‘talele nu sint zonate, rareori se Intilneste o usoard zonare numaj la
marginea cristalelor. ‘ ]

Clinopiroxenul este de reguld un augit cu dezamestecuri (dialag)
sub formi de lamele paralele cu (100) sau cu (001) ; extinctia minera-
Tului, c:ng, este de 32-38°. Rareori augitul este perfect proaspit, de
reguld insi este intens uralitizat, transformare ce afecteazd intreg cris-
talul sau numai marginile sale si clivajele. Uneori chiar in cazul unel
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intense uralitizdri lamelele fine de dezamestec rédmin vizibile, avind
astfel un indiciu asupra mineraludui primar. De reguld, cristalele de
piroxen sint anhedrale sau subhedrale gi se dispun in interstitiile plagio-
clazilor. e

Hornblenda apare destul de frecvent ca mineral pmmar, prin
varietatea sa bruni, fie ca indivizi independenti subhedrali, scurt pris-
matici, sau Invaluind cristalele de augit, indiciu al reactiei de dezechi-
libru a acestuia cu magma reziduali din care ia nastere hornblenda
adaptatd noilor conditii fizico-chimice. Cum participarea plagioclazului
si a piroxenului in gabbrouri este esentiald, pentru a sublinia prezenfa
uneori semnificativi a hornblendei aldturi de primele douid minerale
am definit roca respectivd gabbro cu hornblenda.

Titanomagnetitul apare foarte frecvent, si adeseori in cantitate
insemnatd, aldturi de mineralele principale, fie sub forma unor cristale
izometrice sau scheletic, intim asociat mai ales cu hornblenda. De multe
ori se remarcd pdtrunderea magnetitului pe contactele sau in intersti-
tiile plagioclazului si piroxenilor, evidentiind cristalizarea sa ulterioara.
Pe multe ori titanomagnetitul invaluie complet cristalele de plagioclaz,
piroxen si hornblendd si se asociazd cu apatitul, mineral accesoriu
foarte frecvent in aceste roci.

Subliniem si aparitia unor nivele sau separatii de microgabbro cu
piroxen si hornblendd de circa 1 metra grosime la adincimile de 541,
respectiv 587 m. In aceste cazuri, dimensiunile cristalelor sint in jur
de 0,5 mm, unii plagioclazi, mai ales, putind ajunge 1,5-2 mm, existind
totodatd tendinta de orientare a plagioclazilor alungiti si de separare
a unor benzi microscopice de minerale leucocrate si melanocrate. Ca si
la alte nivele, aproape de talpa forajului, la 603 m adincime, existi o
tendintd de imbogitire in anumite minerale, aici In special devenind
mai abundent titanomagnetitul insotit de apatit, formind aglomerari
de 1-2 mm diametru din granule mici de 0,1-0,2 mm. $i in jurul adin-
cimii de 580 m, pe circa 15 metri, se remarcd un nivel de gabbro cu
magnetit cu confinut maj ridicat in acest mineral metalifer. Analiza
chimicd a unei probe (4/582) a aritat continuturile cele mai ridicate de
fier, FeyOs, total == 19,04%, si TiOy = 3,2-49/, fati de alta probi de
gabbro, mai alterat (proba 4/486) care contine Fe,Oj total = 15,00 /0,
V = 0,10% si 1,60% TiO,; de remarcat continuturile destul de mari
-Ti04 si de vanadiu.

Transformérile deuterice si hidrotermale suferite de gabbrourt
pornesc de la uralitizarea piroxenului, uneori complets, alteori, in cazuf
rocilor maij puternic alterate la aparitia unei asociatii calcit-clorit-cuart~
hidromuscovit sau in alte situatii, cum este cazul la intervalul 492-510 m
unde se remarca o intensd albitizare si aparitia unei asociatii : albit-
clorit-carbonati-cuart-leucoxen. Aici este clar vorba de un aport hidro-
termal de cuart si albit (3-5%, anortit). In rocd se intilnesc numeroase
spatii cu depuneri de albit si cuart formind in ansamblu un mozaic
in care cristale aproape rectangulare idiomorfe si izometrice participa
in proportie egald cu cuartul xenomorf (proba 4/503 si proba 4/505).
Uneori, pe acelasi interval mentionat, apar si cristale mai mari de albit,
aldturi de cristale mai marunte, frecvent de 0,3-0,4 mm. Se intilnesc
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<ristale de albit de 1,0-1,2 mm ce sint insofite de asemenea de cuart
hidrotermal.

De mult mai slabid amploare sint manifestirile hidrotermale la
nivelele inferioare in foraj, unde se intflnesc doar filonase extrem de
subtiri, de reguld de 1-3 mm ce contin analcim, clorit si calecit. Anal-
cimul apare sub forma unor cristale idiomorfe, sau xenomorfe de
0,2-0,3 mm, izotrope sau foarte slab birefringente, cu structurd zonald
si In sectoare, fiind intim asociat cu cloritul si calcitul. Difractograma
analeimului  (proba 4/572) aratd urméitoarele reflexe caracteristice
{tabelul 1).

TABELUL 1 TABELUL 2
‘ !
1 d(A) I (dd) | I Proba (4/582 |4/436 | 4/582 14486 4/582 | 4/486
, | { '.
7,05 | 20 | 2,495 20 Si0, 141,48|44,86) Ni | 105 | 75 | Ga 18! 14
15,68 | 80 | 2,510] 10 TiO, | 3,24/ 1,60{ Co | 65| 50| sSn | 5 | 3
3,82 | 25 2,215 10 ALO, !13,00/15,04] V  |1400 |1000 | Sr | 210 | 200
13,65 10 1,903] 15 Fe,0, | 7,07 4,94] Cr 3 55 | Ba 37 | 350
13,43 | 100 | 1,867 10 FeO 110,37| 8,98 Nb | 10| 10
{2,92 | 65 | 1,743 20
2,78 10 | 1,718] 10 MnO | 0,22] 0,20{ Zr 80| 34
12,67 | 20 | 1,689 10 MgO | 5,85 6,72 Mo 2 2
; . Ca0 |10,11| 7,73| Se 64 | 60

Na,0 | 2,26/ 1,22 Y | 40| 24
K,0 |0,0711,97 [ Yb | 4,5| 2,6

P,0, | 0,11} 0,04/ La | 30| 30
CO, | 4,58 3,71| Ba 1 1
Spy | 0,35 0,07 B 30! 30
Fe(S) | 6,30] 0,06{ Cu | 155 | 350
H,0* | 0,90] 2,79 Pb 2| 4
iTotal 100,18 100,03 Zn| 160 | 65

Compozitia chimici si continutul de elemente minore din gab-
brouri poate fi examinat in tabelul 2. Au fost analizate doud probe, una
dintre ele corespunzind rocii proaspete (proba 4/582), cealalty fiind un
gabbro partial alterat (proba 4/486); ca minerale secundare de neo-
formatie intilnindu-se clorit-illit §i carbonati. De remarcat la aceastd
a doua probd prezenta cuarfului interstitial, cristalizat dupad plagio-
claz si piroxen (roca in stare proaspdti era un gabbro cuartifer) si a
titanomagnetitului cu dezamestecuri de-lamele de ilmenit si nuclee de
carbonati si limonit levigat.

In completarea acestor date prezentim si citeva analize partiale
executate de IPEG ,,H“ pe materialul colectat de ing. I. Ténasescu

(tab. 3). ’ 5
Din examinarea distributiei.elementelor majore cu adincimea se
remarcd o variatie sistematicd a unor clemente, astfel, SiOy — cunoaste

spre adincime o diminuare treptats, dar destul de frapanti de la 44,86%
in proba 4/486 — probabil inifial un gabbro cuartifer, la 37,01%; in
proba 4/591, un gabbro c¢u magnetit. Tot o scddere cu adincimes,
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dar mai putin evidentd marcheazi si MgO si AlyO3.  Ment{iondm in
“schimb o crestere.a continutului de Fe,Oz cu adincimes probelor colec-
tate de la nivelele cele mai infericare din forajul F 4 prezentind si
cele mai ridicate conginuturi, de 19,21% respectiv 20,07%, ceea ce
confirmé ideea unei anumite tendinte de stratificatie si de conicentrare

TABELUL 3
Proba 4/545 4/370 4/589 © 4/591
Si0, 43,43 44,28 38,68 37,01
A0, 13,06 13,19 10,01 9,66
Fe,0, 15,29 - 13,18 19,21 ° 20,07
MgO 5,79 6,30 5,51 4,37
Ca0 6,15 9,96 9,36 8,41

-spre adincime a magnetitului, asa cum este ilustrat in figura 1 in cars
este separat un gabbro cu magnetit la adincimile mai mari de 573 m.

In legdturd cu participarea elementelor minore, de remarcat con-
finuturile de Ni, Co, V, Se, si Cu, elementele cele mai siderofile ce
depasesc uneori de 10 ori continuturile intilnite in wvulcanitele andezi~
tice neogene. Situatia inversi o manifestd Sr si Ba cu o participare
mult inferioard fatd de valorile ce se intilnesc in vulcanitele neogene.
O semnificatie aparte o are V, cu valori de 1000-1400 m (dec1
0,10-0,14%), care corelat cu valorile ridicate de TiOy (1,600 p}a in il
alterate si 3,24% in cele proaspete) si de FesOs, ce atinge 18-209% dm
rocd, formeazd titanomagnetitul vanadifer posibil gi ilmenit, minerale
ce par a se concentira citre nivelele infericare interceptate cu foraje.

2.3. Depozite cretacice

Fard a fi cunoscute strict in aria edificiului vulcanic, depozite
cretacice, de virstd coniacian-maestrichtiand, in facies de flis, sint ras—
pindite citre. vest in bazinul vaii Geocagiu. Acestea vin in contact cu
andezitele neogene la est de culmile Gurguiata si Ceptura sugerind clar
extinderea lor spre est, sub cuvertura de lave si sub. depozitele sedi—
mentare neogene situate in baza acestora.

La est de virful Gurguiata depozitele cretacice ating altitudinea
de peste 700 m si sint reprezentate prin conglomerate si-gresii conia—
ciene, marne cenusii si argile cublocuri, coniacian-santoniene si depozite
de flis grezo-marnos, santonian-maestrichtiene. Transgresiv si discor-
- dant pe acestea se dispun pietrisurile de Almasu Mare limita dintre
aceste formatiuni coboard de la 700 m lingd Gurguiata, 1a 400 m spre
nord-est, lings localitatea Mada (Bordea et al., 1978) s

Depozfce grezo-marnoase $1 siltite -micacee oenusn negricioase neo—
cretacice au fost interceptate prin galeriile Coranda, aflorind si la
suprafatd ; aici, aceste depozite sint traversate de aspoﬁzele .unuj corp
subvulcanic andezitic si sint intens transformate hidrotermal, In nivelele

.
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‘grezoase, mai permeabile, solutiile hidrotermale au depus din abun-
dentd illit, adular, cuart si o mineralizatie polimetalicd de sulfuri. Pe
culmea Coranda depozitele neocretacice suporti conglomeratele si gre-
siile din cadrul pietrisurilor de Almagsu Mare si ele, in parte, hidro-
termalizate.

InMforajul F 3 pe un interval destul de restrins, intre m 598-603
si in forajul F 4 pe circa 11 metri, intre m 468-479 au fost intilnite
siltite micacee, gresii si marnocalcare cenusii negricioase cu diaclaze
de caleit si oglinzi de frictiune, pe alocuri evident brecifiate. Prin
corelarea cu formatiunile invecinate se ajunge la concluzia cd aceste
depozite pot apartine Senonianului, fiind echivalente cu stratele de
Bozes reprezentate prin depozite de flis grezos-marnos (Bordea et al.,
1978). :

2.4. Complexul pietrigurilor de Almasu Mare (Helveﬁan, Carpatian)

Avind o larga raspindire la suprafatd in zonele adiacente edificiu-
lui vulcanic S&cirimb, fiind cunoscute si In subteran, bine exprimate
in special la orizontul inferior Leopold (sectorul I Certej) la cota 325 m,
dar si la nivele superioare, pietrisurile de Almasu Mare au fost intil-
nite si in toate cele cinci foraje studiate, In urmétoarele situatii :

In forajul ¥ 3, in intervalul m 326-382, depozitele grezoase, micro-
conglomeratice albe sau rosii se afld intre pachetul de vulcanite ande-
zitice de tip Saciarimb (situat deasupra) si andezitele cuartifere de tip
Cetras (dedesubt), precum si mai jos, in foraj, intre m 521-598 unde se
intilnesc siltite micacee rosii, chiar la contactul inferior al andezitului
cuartifer de Cetras, si mai jos, gresii si conglomerate albe galbui, In
alternantd, pind la partea de jos a intervalului, unde se trece la depo-
zite cretacice. Prezenta andezitului cuartifer cu biotit si hornblendad
(tip Cetras) intre cele doud pachete de gresii si conglomerate o inter-
pretdm ca o apofizd a unui corp dezvoltat in adincime care aici a tra-
versat complexul pietrisurilor, patrunzind spre vest si in andezitele ce
reprezintd cuvertura acestora.

In forajul F 4, complexul ,pietrisurilor“ are aproape 150 m gro-
sime (m 321-468) ; se dispune pe depozitele senoniene si suportd cuver-
tura de wvulcanite de Sacdrimb. Situatia este asemidnitoare in forajul
F 28, unde aceste depozite au circa 120 m (intre m 319-437), cu deo-
sebirea ci aici se dispune direct pe gabbrouri, intens alterate. In fora-
jele F 6 si F 10 nivele foarte subtiri de pietrisuri, de 2-3 m, au fost
intilnite aproximativ la cota de 500 m, la contactul superior al unui
corp subvulcanic de andezit cuartifer de Cetras cu pachetul de lave
andezitice de S&carimb.

2.5. Andezitele cu hornblendd si biotit (tip Sdcdrimb)

Avind o foarte largd extindere la suprafati, fiind de fapt, ele-
mentul esential in alcituirea edificiului vulcanic Sdcirimb, andezitele
cu hornblendi si biotit constituie un pachet gros de lave dispuse uni-
form deasupra complexului pietrisurilor de Almasu Mare s$i mult mai
rar, direct pe alte depozite mai vechi sau maj noi decit acestea.
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Forajele executate In regiunea Bocsa si care au fost studiate cu
aceastd ocazie, F 3, F 4 F 28, F 6 si F 10, permit estimarea cu destulad
precizie a grosimii pachetului de andezite. Este cu totul remarcabild
situatia prezentatd dec toate cele cinci foraje care aratd cid grosimea
pachetului de lave andezitice este de 310-320 m (fig. 2), astfel cd baza
acestuia se giseste, sistematic, la altitudinea de 530-550 metri.

Principalele caractere petrografice ale acestor andezite au mai fost
Pprezentate fie de alti autori (Radulescu, 1954, 1956 ; Jude, 1961 ; Cio-
flica, Udubasa, 1962 ; Cioflica et al,, 1968), fie de noi in lucririle pre-
cedente (Istrate in Udubasa et al., 1976), astfel incit in cele ce urmeazd
vom scoate In evidentd numai particularititile oferite de studiul mate-
rialului provenit din aceste foraje.

Cind andezitul apare proaspit sau doar ugor propilitizat, se carac-
terizeazd prin abundenta fenocristalelor de plagioclaz (46-59%, An, dar
cel mai frecvent 53-55%; An), hornblendd si biotit ce pot reprezenta
uneori 40% din roci. Dimensiunile fenocristalelor sint de reguld de
0,2-2,5 mm, cu totul exceptional intilnindu-se plagioclazi de 5,6<4,2 mm
si hornblende sau biotit de 2,5-3,4 mm. Aparifia cuarfului ca feno-
eristale, totdeauna intens corodate, desi este obisnuitd, se intilneste des-
tul de rar. Fondul microcristalin al rocii este constituit aproape inte-
gral din cuar{ si plagioclaz, intilnindu-se destul de frecvent structuri
seriate cu microlite mici de 0,05 mm, de 0,08 mm sau altele ceva mal
mari de 0,15 mm ce fac trecerea la microfenocristale de plagioclaz si
hornblendd. De multe ori structura andezitului este holocristalin porfi-
ricd, si cum masa fundamentald este micro sau criptocristalind, trebuie
s& considerdm cd roca s-a consolidat ceva mai lent din lave de gro-
sime mai mare si nu neapirat cd ar reprezenta neck-uri sau corpuri
inraddicinate sau subvulcanice.

Dacd fenccristalele de plagioclaz sint de multe ori proaspete — ca-
zul rocilor nehidrotermalizate — hornblenda rareori este netransformats,
in general fiind substituitd de caleit 4 clorit -+ minerale argiloase
(illit, caolinit) eventual cu o borduri opacitici. Ca minerale opace apar
destul de frecvent magnetit si titanomagnetit sub forma unor granuie
madrunte, de 0,10-0,15 mm ce se pot asocia in numir mare, intr-un
agregat ‘de 1 ,0-1,4 mm, cu care de reguld se asociazd si apa‘mtul de
reguld 1d10mor1 atmgmd uneori 0,45 mm.

Biotitul pare a fi o varietate bogatd in Ti si Mn, avmd culori
brun-roscate inchis sau deschis, cu pleocrmsm evident spre brun pal,
si prezintd frecvent incluziuni de plagioclaz, apatit, magnetit, zircon.
Prin alterare se evidentiazd doud trei seturi de cristale aciculare para-
lele de rutil pe un fond de clorit si illit sau de illit si carbonat.

Odatd cu avansarea procesului hijdrotermal, mai intii hornblenda
este pseudomorfozatd de clorit 4 calcit -+ oxizi de fier, apoi biotitul
ceva mai rezistent, se transformi in calcit si clorit, iar plag10nc1a211 devin
partial substituifi de caleit si illit.

In cazul andezitului intens argilizat, macroscopic de culoare albi-
cioasd, sub microscop chiar si caracterul structural-textural se sterge
complet recunoscindu-se numai o asociatie. 11ht—<oao]:111’t—ca‘lc1t—pxr1taj:
-tclorit si cuart,” singurul mineral ce rezistd fiind apatitul.
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in coloanele de foraj se prezmta suprapus pe tipul petrografic
intervalele pe care rocile sint mai mult sau mai pufin hidrotermali-
zate, Sint de asemenea figurate cu diferite semne locurile din care au
fost prelevat-e probe pentru analize chimice si spectrale, pentru ana-
lize mircro'scopllce sau pentru anahze ‘cu raze X (p1an$a)

-

26. Andezite cuartifere cu biotit. ’si hornblendd »(tzp Cet'ra-s)

Th aria edificiului vulcanic S#cirimb, nu ‘erau - cunoscute pind
acum hici -la suprafatd, nici in lucrdrile miniere, andezfce cuartifere cu
biotit i hornblends, de tip Cetras. Tdentificarea acestui tip petrografic
in trei din cele cinci foraje studiate reprezintd ' una ~dintre surprizele
oferite $1 ridici probleme legate de- aprecierea dimensiunii; localizarea
exactd” si morfologia corpului subvulcanic. Forajul F 3 a m‘oercnptat

o apofizi a acestui corp, pe intervalul m 382-521; localizati la nivelul

pietrisurilor de Almasu Mare. Forajul F 6 pare a fi patruns in plin
corp subvulcanic dacd avem in wedere ci a traversat acest tip de vul-
canite pe aproape 400 metri; de la adincimea de 311 m, sub pietrisuri,
pind la adincimea de.700 m, unde forajul a fost oprit. In forajul F 10
andezitul cuartifer a fost intilnit incepind de la adincimea de 323 m,
sub placa de andezite de S&cirimb si sub un nivel subtire de pi(etriguri,
pind la a:proximativ 570 m, unde se reintilnesc pietrisurile. $i in acest
caz, ca si la forajul F 3, credem ci este vorba de o apofizd a corpului
subvulcamc situat la aprommatlv 300 m maj spre vest. De remarcat
cd forajele F 4 si' F 28 nu au 1ntevcep’cat aceste roci.

Am ardtat mai Inainte c& din punctul de wvedere petrograflc
andezitele cuartifere cu biotit si hornblendi tip Cetras se deosebesc
de celelalte tipuri de vulcanite din regiune prin prezenta cristalelor
mari de cuart uneori cu tenta violacee, frecvente, prin aparltl,a bioti-
tului de asemenea larg cristalizat si prin aS(pectul ‘evident mai leuco-
crat, gri desohis, al rocii proaspete. In fora]ele mentionate se recunosc
toate aceste caractere cu observatia cd -rocile sint destul de hldro—
termalizate, anglhzarear si silicifierea fiind caracteristice, ceea ce se
traduce prin dobindirea unei coloratii albicioase. Mch‘OSCOplC se re-
marcd -fenocristale de plagioclaz (42-509, An), biotit, hornplendd si
cuart, larg dezvoltate pe fondul mairunt cristalizat, cuarbo—felldspatlc
De reguld, cu exceptia cuartului, celelalte minerale sint alterate hidro-
termal, -asociatia illit-caolinit-clorit-caleit fiind omniprezentd, acestora
asociindu-li-se pirita i cuartul hidrotermal. In situatiile de intensi
hidrotermalizare au loc reactiile :

1 hornblendd — calcit + caolinit

. biotit — hidromuscovit sau clorit-calcit+-epidot -

3 plagioclaz-albit-calcitt-adular, clorit.

De remarcat cid epidotul apare foarte rar, fiind intilnit abia la_

adincimea de 527 m, apirind aproape simultan cu asociafii albit-
caleit--adular, clorit. Albitul apare abundent la adincimea de 517 m
avind .compozitia de albit 2-8%, An si fiind prezent atit. pe fondul
andezitului cuartifer cit si In eventualele anclave m:.cz\oldmrrtaporflmce

Uneori se intilnesc filonase de cdlcit alb sau roz si dolomit de
90,5-1 em grosime in care carbonatii sint principalii constituenti aldturi

A
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de ei aparind in cantitate mult mai micd baritind sub formi de cristale
fine de 1-3 mm, prismatice, albe sau . incolore, izolate, avind ca sub-
strat carbonatii (exemplu proba 3/432). Citeva cristale au putut fi sepa-
rate la lupa binoculard si studiate la microscop si prin difractie de
raze X. Cristalele aratd clivaje perfecte dupa (010) si (001) si un al
treilea clivaj bun dupid (110), acestea -permitind obfinerea de pulberi
de cristale fine cu conture.rectangulare, cu indici de refractie de valori
ridicate si birefringentd scdzutd, avind caracter biax (4), cu unghiul
2V foarte mic incit se pot obtine figuri de interferentd cu caracdberis-
tica mnieralelor uniaxe. Intrucit habitusul prismatic la baritini se intil-
neste mai rar, mineralul a fost analizat si prin difractie de raze X,
fiind identificate urmétoarele reflexe caracteristice (tab. 4).

TABELUL 4

d(A) 1 d(A) I d(d) I
4,31 20 2,722 40 1,926 10
3,88 30 2,467 15 1,848 15
3,55 40 2,310 20 1,756 15
3,43 90 2,28 10 1,670 20
3,31 60 2,20 25 1,590 10
3,10 80 2,112 100 1,528 20
2,822 40 2,047 20 1,470 20

2.7. Microdiorit cu hornblendd -I- biotit

Singura aparifie a unor astfel de roci se intilneste in forajul F 14
la nivelele sale cele mai profunde, sub 474 m pind in talpa forajului.
Desi nu au fost intilnite roci proaspete, s-a putut remarca pe de o
parte marea cantitate de fenocristale de plagioclaz (peste 50%; din roci)
si In acelasi timp dimensiunile reduse ale acestora, caractere ce imprima
rocii un aspect grauntos. Mineralele melanocrate, hornblenda si biotitul,
rar apar In stare proaspitd spre a putea fi identificate, de reguld sint
primele alterate incit cu greu, chiar la microscop, pot fi recunoscute.
Studiul microscopic a scos in evidentd caracterul holocristalin porfiric,
fondul rocii fiind destul de bine cristalizat. Alterarea hidrotermalsd mak
intensd determind stergerea caracterelor structo-texturale ale rocii,
nemaiputindu-se face distinctia intre fenocristale si fondul marunt cris—
talizat, si nici preciza natura initiald a fenocristalelor. S-au putut totusi,
recunoaste reactiile : plagioclaz-illit (2 Mj)-calcit ; hornblendd-penin~
calcit-piritd ; biotit-hidromuscovit-penin-leucoxen. Mineralelor de neo-
formatie hidrotermald 1i se adaugéd frecvent cuarful ce constituie mict
cuiburi de cristale mirunte microscopice. In ansamblu asociatia carac-
teristici de minerale hidrotermale este : cuart-illit-clorit-calcit-pirits, cw
remarca asupra cristalizirii largi a mineralelor illit-clorit-calcit.
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TABE
Compozifia chimicd a vulcanilelor neogene
Nr.| Dr. Tip rocd Si0, | TiO, | ALO, | Fe,0,| FeO | MnO |MzO|cao
crt.| probi 2 2 Sl e = :
1 /5 Andezit g hb bi 56 ,45 0,62 | 17,20] 0,53 | 3,62 0,32 1,30/5,63
Sdcarimb, argilizat . )
o | 3/86 | Andezit g hb bi 55,50 0,62 | 16,54 3,47 | 2,65 | 0,12 12,73[7,83
Sacarimb, proaspit .
3| 3/250| Andezit g hb bi 56,16 0,61 ] 16,85 3,13 | 2,72 0,13‘ 2,556 ,37
S&cirimb, propolitizat
4 | 3/384| Andezit q bi hb 56,98 0,53 ; 16,45 0,84 | 3,32 | 0,12 {1,95(5 18
Cetras, intens argilizat
51 3/395| Andezit g bi hb 61,15 0,52 | 17,05 0,62 | 1,51 | 0,08 {1,31(3 40
Cetras, intens argilizat
6 | 3/450{ Andezit g bi hb 61,14 0,49 | 17,25/ 2,94 { 1,96 | 0,13 [1,90!6,03
Cetras, proaspat
7 | 3/512| Andczit g bi hb 60,73 0,49 | 17,05 3,08 | 2,03 | 0,14 {2,05/6,03
Cetras, proaspit
8 | 28A | Andezit g hb bi 55,55 | 0,64 | 17,30| 1,61 | 4,08 | 0,15 |3 ,11[7 19
S&carimb, proaspdt :
9 | 28/28| Andezit q hb bi 57,06 0,63 16,95 1,84 | 3,46 { 0,16 {2 56(7,10
Sacarimb, propilizat
10 [28/163| Andezit g hb bi 56,13 | 0,64 | 16,62| 1,39 | 4,18 | 0,14 |2 686,44
S#dcarimb, propilitizat i
11 |28/294) Andezit q hb bi 55,21 { 0,64 | 16,85 1,86 | 3,76 | 0,16 (2 31|8 04
Sdcdrimb,propilitizat .
12 | 8/457| Andezit g bi hb 58,28 | 0,49} 16,71 1,24 [ 1,63 | 0,16 [2,62]6,41
Cetras propilitizat
13 | 6/569] Andezit g bi hb 57,68 | 0,54 | 15,54] 1,17 | 0,69 | 0,24 |2, 755 60
Cetras, argilizat
14 { 6/675] Andezit q bi hb 55,96 0,53 | 16,69 1,30 | 0,54 | 0,13 |2,70{5,73
Cetras, argilizat ’
15 ]10/304| Andezit hb 54,97 | 0,56 | 17,18] 1,21 | 2,44 | 0,19 3,0217,53
dyke »
16 |10/409| Andezit g bi hb 57,59 | 0,48 |16,04) 1,05 1,40 | 0,16 |3 gols 03
| 1% Cetras, albitizat 4 -
1'7. 10/500f Andezit hb 58,07 0,58 | 17,24] 2,55 | 2,15 | 0,15 {9 76{7,07
dyke
18 ]10/592 Anquit— @8 64,34 0,50 | 19,34/ 0,26 | 0,28 | 0,06 [1,02(0,89
e argilizat
19 110/595 Ande‘z'it:— wd 58,15 0,47 § 16,31} 2,52 |'1,61 { 0,13 |{2,12(5,80
propilitizat
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LUL 5
din forajele de la Bocsa-Sdcdrimb
Na,0 | K,0 | P,O; | CO, |H,0%| Spy | Fe(s) | SO, Total Observatii !
1,40 0,88 (0,17 |6,05|4.16{0,72]| 0,63 u 99,75 | HI + Cc + Chl + Q
2,08 |1,240,15|3,70| 2,45 0,00 0,08 | ubs | 100,26 | proaspit !
2,78 | 1,38 [ 0,15 | 3,48 | 3,03 | 0,07 | 0,07 | abs 99,76 Chi, Ce, Q i
2,00| 1,64 0,17 ] 6,01} 4,31 0,11 0,09 abs 99,99 | it + Cc £ Ka
2,591 2,02 0,18]|3,67[3,1411,3211,15| u 99,85 { Il + Ad + Ce
3,85(1,83| 0,19 1,08]|0.,88}0,10| 0,09 | abs —1;0:1_ proaspit
3,67{1,81|0.17]1,82]0,8 10,08] 0,07 abs 100,30 | inceput de propilitizarei
’ Chl — Ep — Ce
3,221 1,18 0,16 | 2,29 | 2,65 | 0,30 | 0,26 | abs 99,85 | Chl, Ab, Ce ,
x
3,28 | 0,771 016 3,10(2.55]0,17] 0,15 | 0,10 | 100,29 | ChL IIL, Ce, Q ‘-
2,504 1,07 0,174,107 (3,27| 0,11 [ 0,09 | abs 99,76 | Chl + Cc
2,75 . 1,12 0,18 | 4,42 2,47 10,08 0,07 | 0,11 | 110,28 | Chl + Ce ]
27711,04 (0,183,213 [ 2,65]| 1,50 | 1,31 100,17 | Chi, DI, Ce, Q, Py
0,141 3,901{0,12|3.51|3,02| 2,51} 2,18 99,60 | I, Ce, Q + Py, Ka
0,30 2,79 0,20 | 4,27 | 2,97 | 2,92 | 2,54 99,57 | 1L, Chl, Ce, Q4 Py
2,67 1,18 0,21 (3,73]2,67| 1,04 0,9 99,48 | proa.pit I
3,00{1,73{0,1713,87[3,07|1,52]|1,32 100,04 | Ab, Ad, 1}, Ce
3,04|1,38]0,10|2,05|1,76]|0,53]| 0,46 99,98 | proaspit, allanit, an-
nidrit g
0,024,501 0,20[0,24}3,72| 2,28 1,98 99,73 | M+ Q
3,30 | 2,10/ 0,22 {2,491 2,04 1,52 1,32 100,10 | 11, Chl, Ce, Q + Py
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2.8. Andezite cu hornblendd\ (dyke-uri si apofize)

In forajele T 3 si F 10 la mivelele inferioare, sub 300 m au fost
interceptate dyke-uri subtiri de 2-3 m sau apofize subtiri de andezite
¢u hornblends, in general proaspete, ‘de culoare inchisi cu mici feno--
cristale pe un fond microcristalin. Acestea sint localizate fin complexul
pietrisurilor de Almasu Mare (in F 3) sau In andezitul de Sicirimb
(la m 304 si m 319) si in andezitul microdioritic in cadrul corpului sub-
vulcanic, la peste 500 m adincime in forajul F 10.

Rocile din dyke sint fine, aproape negre, dure si casante si confin
cristale marunte de plagioclaz (50-60%, An) si hornblendd wverde de
dimensiuni wvariabile, idiomorfe sau xenomorfe ‘datoritd intensei coro-
ziuni magmatice. De remarcat doud elemente ce mpar caracberistice
— prezenta hornblendei sub formi de cristale foarte marunte si foarte
numeroase i intensa corodare a plagioclazilor, initial idiomorfi. Cuartul
apare sporadic, in cristale rotunjite, puternic corodate, intotideauna de
dimensiuni foarte mici. Accidental se intilneste allanitul ce poate atinge
0,80 mm. Pe fondul rocii apar in cantitate redusd «carbonati si «clorit, iar
in proba 10/500 mentiondm aparitia anhidritului, atit in pastd it si pe
fenocristale. Cind sint partial alterate hidrotermal, rocile de dyke au
plagioclazul partial substituit de calcit si illit larg cristalizat. Compo-
zitia chimicd nu aratd trasdturi specifice pentru aceste roci ¢u singura
mentiune i printre elementele minore se situeazd continuturi- ceva
mai ridicate de Be fati de wcelelalte roci, iconcomitent cu valori sen-
sibil mai mari de Sr si in special Ba.

3. Caracterele geochimice ale vulcanitelor neogene de la Bocsa

In vederea descifrarii caracterelor geochimice ale vulcanitelor neo-~
gene au fost analizate chimic si prin spectroscopie de emisie 19 probe
de roci andezitice din forajele din zona Bocsa. Materialul selectionat
reflectd situatia naturald existentd, faptul ¢d8 foarte rar s-au putut
intilni roci proaspete, de reguld acestea fiind alterate in facies propi-
litic sau argilic. Din cele 19 probe analizate, prezentate in tabelul 5, 6,
probe din forajul 3 se referd la andezitul de Sicirimb, proaspit, argi-
lizat si propilitizat (3 probe), celelalte 4 fiind andezite cuartifere tip
Cetras, probele 3/450 si 3/512 corespunzind tipului nealterat, in timp
ce 3/384 si 3/393 reprezintd roci intens argilizate si adularizate., Diagra-
mele de variatie a principalilor oxizi cu adincimea in foraj (fig. 3),
ilustreazd destul de clar diferentele de chimism intre cele doud tipuri
petrografice : andezitul de Sicirimb si andezitul cuartifer de Cetras.
Andezitul de Sicirimb are continuturi mai ridicate $n TiO; (in jur
de 0,609, fati de valorile de sub 0,50%), in suma elementelor fero-
magneziene, in Ca0, in timp ce andezitul cuartifer de Cetras arati
continuturi sensibil mai ridicate 'de SiOy (60-61%, fati de circa 569, in
medie) si NayO-+KyO (media 5,6 fatd de media 4,2%). Si aceste dife-
rente si chiar wvalorile in sine, justificd in parte de .ce multd vreme
tipul de Cetrag a fost considerat dacit si nu andezit cuartifer ca tipul
de Sicirimb (Ghifulescu, Socolescu, 1941 ; Cioflica et al., 1968 ; Berbe-
leac, 1975 ete)). Diferentele mentionate reies si din diagramele CaNeK
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Fig. 3. — Foraj 3 — Bocsa — Compozifia chimicd a vulcanitelor neogene.
1, andezite cuartifere cu hormblenplé si biotit (tip Sacarimb); 2, andezite cuarti-
fere cu biotit si hornblendd ; 3, gresii, microconglomerate si argile rosii (Admasul
Mare) ; 4, gresii, marnocalcare cretacice (senoniene) ; 5, sisturi cristaline epimeta-
morfice ; 6, argilizéri intense; 7, transformfri hidrotermale slabe ; 8, amalize

chimice.
Forage 3 — Bocsa — Composition chimique des volcanites néogénes.
1, andésites quartziféres a hornblende et biotite (type Sicirimb) ; 2, andésites
quartziféres a4 biotite et hornblende ; 3, grés, microconglomérats et argiles rouges
(Almagul Mare) ; 4, grés, marnocalcaires crétacés (sénoniens) ; 5, schistes cristal-
lins épimét:imor.phiqu%; 6, a-rgiljsatior_ls. intenses ;, 7, transformations hydrother-
' males faibles; 8, analyses chimigues. :
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(fig. 4) si FMA unde cele doud tipuri de vulcanite au tendinta de a
contura domenii sensmbﬂ deosebite. . £

Examinate in grup, andezitele de. S#cirimb- ooupd alte pozitii de—
cit andezitele cuartifere de Cetras. Pe diagrama CaNaK primele se

Ca : ' - ‘

®1
(1708
- £ .
Fig. 4. — Diagrama
2 5 Ca Na K.
/ o{ 1 563) (3138 .(\ Il.095)7’ 1, C(qbl'h (Cetra$) H 27
I Mo 5 IL/51)2) . aghbi (Sacirimb)

Le diagramme CaNaXK.
1, oagbih (Cetras); 2,

/ S : aghbi (Sacirimb).

°h0/582)
« Mo
4 1k c o \ 2 el
Fig. 5. — Diagrama y 02
FMA. 3 03

1, «gbih (Cetras); 2,
aqghbi  (Sacérimb) ; 3,
gabbro.

Le diagramme FMA.
1, ogbih (Cetras); 2,
aghbi (Sécarimb) ; 3,
.gabbro,

U351 ofyu86)
(2290131631
(31/f 2"’
{/184 ’30(51}{389,

37 12'1" “0450 6/568
(yz.so) (107409

M

X Ve . NV
T 2 3 0 50 60

Jk
(=]
gl
[~
o

situeazi maj a;pmape de polul Ca si de latura Ca-Na, i timp ce pe :
diagrama FMA. andezitele cuariifere de. Cetras se afld mai aproape de
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polul K (fig. 5). Pe ambele diagrame rocile din dyke-uri (probele 1/304
51 10/500) fiind, ambele, relativ proaspete se plaseazi in apropiere una
de cealaltd, in zona dintre cele doud domenii conturate, ce corespund
celor doud tipuri principale de andezite.

Pe diagrama QAP {Streckeisen, 1967), folosind valorile reiesite din
norma Rittmann (1973), vulcanitele de la Bocsa se plaseazi in apro-

Fig. 6. — Diagrama
QAP. 3

1, xabih (Cetras); 2,

cgabi  (Sacarimb) ; 3,
gabbio,

Le diagramme QAP.

1, agbih (Cetras); 2,

aghet  (Sicarimb) ; 3,
gabbro.

pierea laturii QP intre valorile de 20-40 @, ceea ce ar corespunde in
mare andezitelor cuartifere si dacitelor (fig. 6). Roci'e care au suferit
transformiri hidrotermale cu aport de silice si do notasiu se plaseazd
evident citre polii @ si A ai diagramei, mai pufin in cazul probelor
propilitizate sau slab argilizate si mai mult in cazul in care rocile au
fost intens argilizate, cum este cazul probelor deplasate mult in apro-
pierea laturii @A sau citre polul Q.

Probele care au fost analizate chimic au fost analizate si spectral,
continuturile de elemente minore fiind inscrise in tabelu] 6.

Cum din cele 19 analize, 7 provin din roci sau probe prelevate
din forajul F 3, corespunzind celor doud tipuri petrografice — “ande-
zitelor de Saciarimb si andezitelor cuarfifere de Cetras — aceste date
au fost inscrise in dreptul coloanei de foraj, urmirindu-se astfel varia-
tia lor cu adincimea, respectiv cu tipul petrografic (fig. 7). Fara a se
constata deosebiri esentiale, se poate observa o tendintd de crestere a
continuturilor de elemente feromagneziene Ni, Co, V, Sc in andezitele
de tip Sicarimb in directd legiturd cu compozifia lor ceva mai bazica.
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Fig. 7. — Foraj 3 — Bocga — Confinutul in elemente minere din vulcanitele-
neogene,
Forage 3 — Bocsa — Le contenu d’éléments mineurs des volcanites néogénes..

4, Concluzii

Studiul detaliat al forajelor F 3, F'4, F 28, F 6 si F' 10 din zona.
Bocsa a permis obtinerea unor date noi, de natura si. completeze infor--
matiile acumulate pind acum din cercetéri efectuate la suprafaid sauw
in subteran cu privire la structura edificiului vulcanic: de la S#carimb.
Astfel, dacd prezenta andezitelor cu hornblends si biotit de tip Sécd—
rimb si a substratului acestora (depozitele sedimentare. neogene ce con-
stituie ,,complexul pietrisurilor de Almagu Mare“) era. previzibila, . au:
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aparut si unele elemente noi. Pe baza corelirii datelor din forajele
examinate se pot desprinde citeva observatii mai interesante.

1. La suprafati se afld un pachet de lave andezitice de tip S&ca-
rimb, gros de 300-350 m. a c#irui limitd inferioard se afld la altitudinea
de 500-550 m. De reguli andezitele sint propilitizate, iar local, intens
argilizate si brecifiate, caz in care pot apare si mineralizatii.

2. Sub cuvertura de lave andezitice se intilneste intotdeauna o
secventd de depozite detritice ce se incadreazd in ,,complexul pietri-
surilor de Almasu Mare“. De reguld aceste depozite apar la altitudinea
de 400-550 m, numai in cazul forajului F 3 intilnindu-se si la cote
inferioare (240-310 m). Grosimea depozitelor este de 100-150 m.

3. In foraje s-au intilnit andezite cuartifere cu biotit si hornblendi
(dacite de Cetras) de reguld intens hidrotermalizate ; ele apar sub cota
de 500 metri. In forajul 6 s-a interceptat pe aproape 400 m un neck,
talpa forajului aflindu-se incd in acest tip ide vulcanite. De remarcat
cd din cele 5 foraje studiate, iIn F 6 rocile sint cel mai intens mine-
ralizate. W

4. Forajul 10 a interceptat la wcota de 346 m pind in talpd un
corp subvulcanic de microdiorit partial hidrotermalizat si slab mine-
ralizat.
5. In cadrul complexului pietrisurilor pot apare apofize de ande-
zite cuartifere cu biotit si hornblendi (dacite de Cetras) sau dyke-uri
andezitice cu grosimi reduse (1-3 m), de reguld proaspete; uneori
dvke-urile traverseazi si andezitele.

6. Doud dintre foraje (F 4 si F 28) au interceptat un corn de
gabbrouri. Limita superioarid a acestuia, In foraje, se afld la cota de
400-410 m. F 4 a traversat gabbrourile pe un interval de 130 m — in-
tre 474-603 — talpa acestuia aflindu-se Incd in gabbrouri, la altitudinea
absolutd de 270 m. La limita superioari a corpnului de gabbro din F 4
s-a format o crustd de alterare, ,,perigabbroidi“, cu intense limoniti-
ziri, de 5 m grosime. F 28 a interceptat gabbrourile pe distanta de
71 m, intre m 437-508, rocile fiind in acest caz intens hidrotermali-
zate. De remarcat ci sub gabbrouri in foraj au apdrut sisturi cristaline
epimetamorfice.

7. Forajele F 3 si F 28 au interceptat sisturi cristaline evnimeta-
morfice la adincimile cele mai mari. In F 3 incepind cu m 603 pini
in talpd (m 650), deci pe un interval ide 47 metri, la cota absolutd de
180-230 m. In F 28, intre m 508-550. deci pe 42 metri diferenti de
nivel, la cota absoluti de 290-332 m. Avind in vedere cele mai nordice
aparitii de cristalin din zona Varmaga, unde afloreazi la altitudinea
de 350-500 m rezulti cd in zona Bocsa, la 5 km distantd spre nord.
cristalinul a suferit o afundare de numai 150-200 metri.

3 Vom utiliza In descrierea 'I'.o-najetlor denumirea de ,dacit de Cetras® si
nu de andezit cuartifer cum este, poate, mai exact (vezi Borcos et al., 1972)
pentru a fi mai elocventi in sublinierea acestei prezente. Caracterele de recu-
noastere ale ,dacitului de Cetras pe teren sint: frecventa fenocristalelor mari
de cuart uneori cu tentd violacee, aparifia cristalelor mari de biotit sub formai
de lamele hexagomale suprapuse si aspectul mai leucocrat fatd de alte roci ande-
zitice prezente in regiune. i f
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DONNEES NOUVELLES _
SUR LA STRUCTURE DE L’EDIFICE VOLCANIQUE DE SACARIMB

(Résumé)

On présente les principaux résultats obtenus de I'étude détaillée des for-
mations géologiques traversées par les forages Fy, Fy, Fus, Fg et Fyo, éxécutés par
IPEG Hunedoara dans la zone de Bocsa au nord de Sicarimb.

Le forage F3 a été emplacé & presque 320 m au nord de la colline Grozii
(885,0 m) a laltitude de 840 m. La profondeur atteinte par le forage est de 650 m.
De la surface en profondeur on a rencontré les formations suivantes :

m 0-326 — andésites quartziféres a4 hornblende et biotite (type Sacarimb) ;

m 326-382 — le complexe des graviers d’Almasu Mare (Carpatien, Helvétien);

m 382-521 — andésite quartzifére & biotite et hornblende type Cetras —
,,dacites de Cetras” ;

m 521-598 — le complexe des graviers d’Almasu Mare ;-

m 598-603 — argiles et grés rubannés noirs, presque charbonneux (Santonien-
Maestrichtien) ;

m 603-650 -~ schistes cristallins épimétamorphiques. On débute {m 603-605)
par des schistes quartzeux-sériciteux, suivis (m 605-607) par des schistes chlo-
riteux & intercalation de métadolérite & m 606. A m 607-638 on rencontre des
schistes' quartzeux-sériciteux+porphyroblastes d’albite et & m 638-650 des schistes
chloriteux.

Le forage F, a été emplacé sur la colline Grozii, & l'altitude de 870 m. La

profondeur du forage 603 m.
’ m 0-321 — andésites quartziferes & hornblende et biotite (type Sacarimb) ;
m 321-468 — graviers d’Almasu M\an‘e
) m 468-474 -~ marnes et m'arnocalcaid'es grisdtres & diaclases de calcite
bréchoide, probablement d’age sénonien ;

m 474-479 — erolte d’altération limonitique périgabbroide ;

m 479-603 — gabbros.

Le forage Fyg se situe & l'est de la colline Grozii, a l'altitude de 845 m. La
profondeur du forage 550 m.

m 0-319 — andésites quartziféres a hornblende et biotite (type Sacirimb) °

m 319-437 — graviers d’Almasu Mare ;

m 437-508 — gabbros intensément altérés ;

m 508-550 — schistes cristallins épimétamorphiques. On y rencontre aussi
des schistes quartzeux-sériciteux a grenati-tporphyroblastes d’a.nl'b'ite,

Le forage Fg est emplacé a 250 m SSE du forage Fog, 2 laltitude de 835 m.
La profondeur du forage 700 m.

m 0-289 — andésites quartziféres a hornblende et biotite (type Sacarimb) ;

m 289-292 — grés et argiles gréseuses gris-blanchéatres d’dge carpatien ;

m 292-309 — andésites quartziféres & hornblende et biotite : :

m 309-311 — grés et graviers blanchétres ;

m 311-700 — andésites quartziféres a biotite et hornblende type Cetras
(,dacites de Cetras“) généralement argilisées et silicifiées. I1 est possible qu’elles
représentent un neck de dacite de Cetras, si on envisage lintervalle trés large
ol on l'a intercepté, la structure holocristalline porphyrigue des roches et l'alté-
ration hydrothermale avancée a minéralisation disséminée et en tant que filon-
nets fins.
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Le forage Fio est emplacé & 330 i SSE du forage F; & laltitude de 820 m.
La profondeur du forage 640 m. S . )

m 0-320 — andésites quartziféres & hornblende et biotite ;

" m 320-323 — grés grisitres durs et microconglomérats ;

‘m 323-470 — andésites’ quartziferes a biotite et hornblende type Cetrag
(dacites de Cetras) propylitisées, faiblement argilisées par endroits ;

m 470-473 — grés grié-b]amchétres, b.féche a fragments d’andésite ;

m 473-639 — microdiorites & hornblende et biotite ; & m 499-531 et m 599-600
des dykes d’andésite traversent 'andésite quartzifére.

L”éude détaillée des forages Fj, Fy, Fos, Fg et Fyy de la zone de Bocsa
a fournit des données nouvelles sur la structure de Iédifice volcanique de
Sacarimb.

Des laves andésitiques de type Sacarimb, épaisses de 300-350 m y affleu-
rent ; leur limite inférieure atteint laltitude de 500-550 m. Au-dessous de la
ocouverture de laves andésitiques il y a toujours une séquence de dépdts détri-
tigues qui appartient au ,complexe des graviers d’Almasu Mare“ (Prébadénien-
Carpatien). '

Les foragss I3 Fg et Fyy ont traversé un corps subvolcanique d’andésite
guartzifere 4 biotite et hornblende (,,dacites® de Cetras) intensément hydro-
thermalisé, au-dessous de la cote m 500, Le forage F; a traversé un neck sur
400 m, en temps que son fond était situé dans les volcanites de ce type-la.

Le forage Fyp a traversé, de m 346 vers le fond, un corps subwvolcanique
de microdiorite partiellement hydrothermalisé et faiblement minéralisé.

Dans le complexe des graviers on rencontre des apophyses d’andésites
quartziféres a biotite et hornblende (dacites de Cetras) ou des dykes andésitiques
peu épais (1-3 m), généralement frais; par endroils les dykes traversent les
andésites aussi.

Deux forages (F; et Fy) ont traversé un corps de gabbros. Sa limite supé-
rieure, dans les forages, atteint m 400-410, F; a traversé les gabbros dans un
intervalle de 130 m — m 474-603 — le fond étant situé dans les gabbros, a I'alti-
tude absolue de 270 m. A la limite supérieure du corps de gabbro de F; il y a
une croUte daltération ,périgabbroide®, intensément limonitisée et épaisse de
5 m, Fog a intercepté les gabbros sur 71 m, m 437-508, et les nroches sont intensé-

ment hydrothermalisées. I1 faut mentionner que les gabbros surmontent des
schistes cristallins épimétamorphiques.

Les forages F3 et Fyg ont traversé des schistes cristallins épimétamorphiques
aux plus grandes profondeurs. Dans le F3 de m 603 jusquau fond (m 650), a la
cote absolue de 290-332 m, En considérant les affleurements les plus septen-
trionaux de cristallin de la zone de Vammaga situés a l'altitude de 350-500 m, il
en résulte que dans la zone de Bocsa, & 5 km vers le nord, le cristallin s’enfonce
seulement par 150-200 métres.



EXPLICATION DE LA PLANCHE

Colonnes lithologiques des forages F3 Fi; Fyg Fg et Fyp de Boc.sa
1, andésites a hornblende et biotite (type ‘Saegrimb) ; 5 2, andésite quartzifére abiotite
et hornblende (type Cetras) ; 3, andésites” & hornblende, - dyke ; 4, andésite-micro-
diorite porphyrique; 5, gabbro, gabbro a hornblende ; 6, gabbro- a magnétite ;.
9, microgabbro & hornblende : 8, siltites - ‘micacées, rouges, grisitres, grés conglo-
mérats blanc-gnsatr% 9, s11t1tm marnes grlsatres sénoniennes ; 10, schistes
cristalling épimétamorphiques, métadolemtes 11, ar01hsanm1s+sﬂ1c1ﬁcatlons 12,
argilisations intenses; 13, altération alb1te—ohlor1te-cavbona’oe 14," analyses chi-
miques-hspectrales ; 15, analyses microscopiques.

(1 s &)



COLOANELE LITOLOGICE ALE FORAJELOR F3, F4 F28,F6 Sl F10 DE LA BOCSA

ISTRATE et al. Noi date asupro structurii edificiului vulcanic Sac&rimb
oy

F3 Fé F28 Fb F10
870 m
v v v
VvV
v v v
M v v v
v v v
v v v
v v v
v v v V|
v v v
v v v v
v v v v v v v
vV v v v FII17774112177,
VI v bv v v .
S v v v v v Vv v
pPv v v g v v v
v vV vV v v v Y
WA o o Iy LA
R I,
Y Y . b .
NV v 007,,// /0110201101,
Va1 vV oy
v vV v v 9 " -
g Ve HY v v v 1004
RO R | v v v
VI MV v Vv v
voovovoov v v
v v v o v
ey VM v v vy
Vi v v v v
q v v b v v v
v v v i oLy
v v v v A
vV v v
200-‘v v vV v v vV
v v v v v v
v v v v
b ¥ vy 200“ v v v
vV ov vV v v v : 3 B
2004 v- v v v v v v v v
v v v
iV Y o] 2004
v v v v v v YV I
v v v f
PRIV I I,

v v v v v v

-
)’ / /
M
//////7/)”/
/%/V
. 300rJ e
AL S S L VoV
(AR SR
ol TR T
+ o+ + +
+ + +
o = + + + +
+ o+ o+
’/// + 4+ o+ o+
/4 +/ +
</ ,*'4/4» +,
4/ XY A
+ /% - 23
+ o+ o+ Lok SF
+  + o+ o+ ‘/"/*:" 4 ¥/
Lo+ e
+ + 4+ o+ . BN
+ o+ o+
£y * + [.00.‘ + o+ +
: + o+ o+
+ 4+ 0+
~J+ + o+ o+
+ Vi > RGP S
<+*+++*+ D+ + + o+
+ o+ 0+
Y + o+ 4+
C&’ + + 4 + 4
+ o+ o+
+ + +
+ o+ o+
+ o+ o+
+ o+ o+
+ o+ o+ o+
+ o+ .
+ o+ T+ e E
+ 0+ .+
+ + o+ o+ v v v
S001 + + o+ - Ity
L o+ + & Vi Y|

+ + 0
v x v v
¢ /Z//,/W%D v v v
+ o+ o+ 0+ Xy x
tee e e + 4+ + v v v
0O 0 o o + + + + v i
6001422220, e v v v _
= R e A 6004 + + + v x v v T
'Y < G/ c://"///,\/////yu
+ + o+ +
+ + 4
(7/ L + + + +
7 + o+ o+ 2 -
+ + + +
07(_,?7/& LOCALIZAREA FORAJELOR DE LA e Vi "vv
+ + o+ 4+
BOCSA P o+ o+ 4+ Xy oy v
' + o+ o+ o+ 7
+ + 0+ 2
ox__.z_____rmo 200m + o+ o+ & 650
+ o+ o+
dr + o+ o+
F3 Grohas . ////////////
+ + +
2 2
700 7
Ay
B :
DI. Grozii F2 LEGEND A
FL e )
—_ " - A arac s .
/ : - K Andezit cu hb, bi (tip Sdcarimb) 9 F—— Siltite marne cenugii senoniene
B de : Sisturi cristaline epimetamorfice,
oF 6 + + | Andezit cuartifer cu bi,h - ISTUT Gry BRI
vetrele tui 2] + 4 {tip Certas) © 1. metadolerite i
Sah 3 I Andezit cu hornblendd, dyke 1 m Argilizdri * silicifieri
4 Andezit-microdiorit portiric 7] Arqilizari intense
S |: Gabbro, gabbro cu horblendd 13 ‘ Alteratie albit-clorit-carbonat
g |y*v | Gabbro cu magnetit W O Analize chimice +spectrale
F10 7 E Microgabbro cu horblendo 15 o0 ~ Analize microscopice
; Siltite micacee rosii cenusii, )
Livada yresii conglomerate alb cenusii
INSTITUTUL

DE GEOLOGIE §I GEOFIZICA. Dors de seama. vol. LXVHI /1 Imprim. Atel. Inst. Geol.. Geof.




D. S. Inst.- geol. geofiz. v*ol.'LXVIII--(198'1). Pag. 87-93
1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

Working Group 3.4.: The Magmatism and the Metallogenesis
Associated to the Epoch of -Molasse Formation

+

MICROTECTONIC- INVESTIGATIONS
WITHIN NEOGENE VOLCANICS AREA
FROM THE GUTII.- MOUNTAINS ¢

BY'

VASILE MANILICI? VIORL. MACALET?

Microtectonics. Volcanic rocks. Neogene. Tectonic control. Fissures. Fractures.
Quartzites. East Carpathians. New eruptive. Gutii Mts.

Sommaire

. Investigations microtectonigues dans 1’aire des
volcanites néogénes des monts Gutii On présente les ré-
sultats. de I'étude microtectonique concernant l'aire des volcanites néogénes des
monts Gutli (district de Maramurées). On démonire la ressemblance entre les
fissures naturelles des champs miniers et les filons métalliféres. A la fois, les fis-
sures naturelles renseignent sur la structure des zones de profondeur de la région
investiguée. Les quartzites de la région sont traversées par les mémes systémes
de fractures que les roches méres des filons, ce qui démontre que le processus
de silicification a précédé le processus de minéralisation.

The lack of microtectonic systematic data regarding the Neogene
volcanics from the Gutii Mountains, which are related to important
non-ferrous and gold-silver mineral deposits, has led us to elaborating
this study on a large area containing the main mines in this region.
We had in view the influence of the tectonic factor on the process of
metal vein constitution, the age relationships between metal veins
and hydrothermal quartzites constitution and the spatial position of
natural fissures from different volcanic and sedimentary rock deposits.

Up to now, a similar study has been worked out for the Sarmatian
Seinji andesites lying between Seini and Biita localities, for the Pan-
nonian dacites and quartz andesites situated between Baita and Sé&sar
valleys as well as for the Jereapdn pyroxenic andesites lying between
Suior and Viratec. A number of almost 9,000 measurements on natural

1 Paper presented at the Meeting of the Working - Group 34 on Septem-
ber 24 1980 at Deva and received in 1980.
2 Institutul politehnic, Bucuresti, Romania.
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fissures has been made between Seini and Sasar and between Suior
and Viratec, almost 13,000. The projection of the poles of these fis~
sures from outcrops and mines on Schmidt line, given in Plate and
Figure, reveals the following :

The diagrams of adularized and silicified andesitic breccias lying
between Seini and Ilba (Pl./1, 2) are characterized by a wide spreading
of natural fissure poles Whioh form a concentric maxima garland, re-
sembling the diagrams drawn up by Guriu et al. (1975) for the mine-
ralized breccias at Rosia Poieni in the Apuseni Mountains.” In the
western part of the Ilba deposit, the diagrams, drawn up on the basis
of measurements executed on the Colbului valley and of mining works
from this zone, include the characteristic fissures of breccias and a
great number of fissures trending to the NW-SE, parallel to metal
veins (Pl./4). This proves that besides the fissures formed during the
breccifiation period, there add those constituted previously to metal
veins and the ones parallel to the faults affecting these veins.

In the Ilba mining field (Pl./4, 8, 10) one notices a wide dispersion
of natural fissure poles, metal vein poles and of poles of those faults
affecting the veins, which demonstrates the advanced tectonisation of
this mining field. Hav'mg in view the fact that the fissures, parallel
to the faults which affect the veins, often present a quartz filling that
crystallized at the same temperature as the quartz from the central
part of metal veins, we may consider that vein faulhng occurred
during the final stage of mineralization process.

The tectonics of the Nistru-Baita mining field is less complicated
than the one of the Ilba field. Here, we mention a mainly NE-SW
cleavage (P1./13-17), the fissure slopes trending either to the north-
west or to the south-east, while axis C of the deformation ellipsoid
trends to the NW-SE, The vein poles are projected on the concentration
maxima of natural fissure poles, showing that wvein fractures were
formed concomitantly with the entire mining field. The Nistru veins
are slightly tectonized, the few intercepted faults trending to the
NW-SE or NE-SW (P1./15).

Besides the study of the tectonics of Ilba and Biita-Nistru de-
posits, related to Sarmatian volcanism, we were interested in determin-
ing the formation period of hydrothermal (secondary) quartzites related
to this volcanism as opposed to the mineralization belonging to the
same voleanism. In the Seini-Hba — Nistru-Béita zone, the quartzites
crop out within the metal veins area from these mining fields and
they often represent the host rock of veins, pointing to the presence
of a genetic relationship between quartzite formation on one hand and
of vein mineralization on the other hand. At the same ‘E‘ime, the
measurements of natural fissures from the Beneci quartzites (P1./3),
emplaced at the western end of the Ilba mining field, show that the
latter are being crossed by the same fissure systems as the breccias
lying between Seini and Ilba. This pleads for the dating of the sili-
cifiation process previously to the breeccifiation one. A similar case
may be encountered at Piatra Handelului (Pl/16), which according to
Borcos et al. (1972) is an important eruption centre of the Seini ande-
sites. The restraint areas of .quartzite occurrences do not allow a great
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number of measurements. Nevertheless, the few fissures of quartzite
occurrences show that at Ilba (P1./9) the fissures crossing these quartzites
are parallel to veins, to faults affecting the veins respectively. while
at Baita (P1./18) the quartzites  are crossed by fissures parallel to the
veins of this mining field. This fact demonstrates that while fractures
on which veins lie were formed, the quartzites already existed and
they were fissured concomitantly with the host rocks of veins. It re-
sults that the silicifiation process which generated the quartzites oc-
curred previously to the emplacement of metal veins. This conclusion
is inferred from’ the evolution of hydrothermal - processes from this
region (Manilici et al., 1971 ; Stanciu, .1973). .

The diagrams of fissures of Upper Pliocene basaltoid andesites
from Ilba and Sabisa (Pl/5) are similar to those from breccifiation
zones, although the former andesites contain cooling fissures.

Within the area of deposits rélated to Pannonian volcanism, re-
presented by dacites and quartz andesites lying between Béifa valley
and Sasar meridian, one notices some -features characteristic of this
tectonomagmatic phase Thus, on the upper course of the Biita wvalley,
within the Tyuzosa mineralization zone (P1./23) the NE-SW trending
fissures parallel to the metal veins are ‘predominant while the faults
affecting the minerglized bodies trend to the east-west with a southern
bending. The veins from the Ludovica zone (PL/21, 22) present the
same trending, their maxima containing the projection of poles of this
group veins, but lacking in the E-W trending fissures, parallel to the
Tyuzosa faults. Axis C of the deformation ellipsoid, which points to
the WNW-ESE in the Tyuzosa-Ludovica zone.

The Sasar mining field, containing a gold-silver and a base-
metal mineralization, is highly tectonized as compared to the Ilba
mining field. Here too, the natural fissure poles present fluctuating
trendings and bendings (PL/26, 27, 30), revealing the prevalence of the
N-S trending ones. Axis C of the deformation ellipsoid trends almost to
the E-W in the Wilhelm zone, to the NE-SW or NW-SE respectively
in the Poprad-Sofia zone. This mining field is characterized by the
higher frequency of faults subsequent to the mineralization, as com-
pared to the Ilba field. The fissures parallel to the faults affecting the
mineralization wveins contain mainly a calcite filling characteristic of
the central part of veins. This demonstrates, that in the S&sar deposit
tectonization occurred during the final stage of the mineralization pro-
cess, before the exhaustion of ascending flows of hydrothermal solutions.

The diagram of natural fissures from the voleanic pilars rooted
in quartz andesites (P1./25, 28) resembles the diagrams of breccifiation
ZONeS.

In the eastern part of the Gutii Mountains, within the Pontian
Jereapan andesite area, the fissure diagrams point to a less complicated
tectonics, with locally and regionally distinct features.

In the Suior mining field, the E-W ftrending fissures are pre-
dominant, lying parallel to the main vein (Fig./1); this is wvalid for
the western part of this deposit, between Baia Sprie and Suior, and
also for the south of the Suior dep051t within the Suior quartz a,nde-
site zone (Fig./2). =
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The same fissure systems may be encountered in the Cavnic
mining field, where the NE-SW trending veins present north-western
or south-eastern bendings. To the south of this deposit, there is an
E-W trending vein and besides the fissures parallel to the other veins
one may encounter E-W trending fissures as well (Fig./3). The poles
of metal veins are projected on the concentration maxima of natural
fissure poles. The Piatra Malnasului hydrothermal quartzite occurrence
(Fig./7) is crossed exclusively by NE-SW trending fissures, the respective
maxima containing the projection of metal vein poles in the neigh-
bourhood. Some of the widely opened fissures are overlain by hydro-
thermal quartz crystals and sulphides similar to those of the wvein
filling, which crystallized at the same temperature as the ones from
the vein central part. They prove that the guartzites in this mining
field are previous to metal veins, as well. Here, axis C of the defor-
mation ellipsoid trends to the NW-SE. The Roata deposit, lying to the
east of Cavnic, contains veins parallel to those from the previous mining
field, NE-SW trending fissures and weakly represented NW-SE trend-
ing ones.

The same fissure systems with NE-SW frendings and north-western
or south-eastern bendings occur between Roata and Béiut deposits on
one hand (Fig./19, 20) and Roata and Jereapin ones, on the other hand
(Fig./9). As compared to the western part of the Gutii Mountains,
it is worth mentioning that here the E-W and NW-SE trending fissures
are more frequent.

In the Jereapin mining field (Fig./12) on the northern slope of
the Gutii massif, the same parallelism between the position of natural
{issures and the position of metal veins is to be noticed. The E-W
trending natural fissures are quite numerous, accounting for the pre-
sence of some mineralized bodies trending on this direction. The hydro-
thermal quartzites of this mining field and the Piatra Totos (Fig./10)
and Piatra Sesului ones are also crossed by NE-SW fissures, runnig
parallel to the metal veins. To the east and north-east of Jereapan,
the NE-SW trending fissures are still present, while the E-W trending
ones prevail locally, as for example in the Jereapin mine, on Pitului
and Pietrele Onciului valleys ; the NW-SE trending fissures prevail on
the Chicera hill (Fig./11) and Corha hill. The well developed quartzite
occurrences at Pietrele Onciului, Piatra Sermetesului and Galbena are
also crossed by fissure systems parallel to the veins of the above
mentioned fields.

In the B&iut mining field (Fig./18), where the veins trend to the
ENE-WSW with northern or southern bending, there prevail the fis-
sures with the same trending and bending, while at Véaratec (Fig./15),
where the veins trend to the E-W, NE-SW and N-5, the natural fis-
sures present the same trendings. The quartzites from the Surfuri zone
at Baiut are also crossed by fissures parallel to the veins of this mining
field, while those from Piatra Viratecului (Fig./14) lyimg in the neigh-

bourhood of this deposit are crossed by fissures parallel to the veins ;
their poles are projected on the concentrahon maxima of natural fis-

sure poles of these quartzites.
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In the Cizma and Coasta Ursului vein zone, with NE-SW trending
(Fig./17) and north-western bending, there prevail fissures with the
same trending. It is worth mentioning that within this last sector, the
diagrams get more complicated than in the neighbouring  Baiut and
Varatec mining fields. This complex character is accounted for by
the more advanced tectonization of this zone, which according to Bom-
bita (1972) is cdue to proximity to the Botiza nappe front. The Baiut
veins are less faulted, while the Varatec ones, inside the same nappe,
are not affected by faults. The same fissure systems occur generally
among the three mining fields.

The high frequency of E-W trending fissures in the eastern part
of the Gutii Mountains is reflected in the east-western trending of
Suior vein, of Ramura losif vein at Cavnic and of some mineralized
zones trending on the same direction at Jereapidn. At Baiuf, the veins
trend N60-80°E, while the vein Ion S at Vératec trends N70-85°E.

The diagrams drawn up according to natural fissure measurements
of Gutii andesites (Fig./74) and of Upper Pliocene Ignis andesites, have
a peculiar aspect. The fissure poles of these andesites form a concentric
garland of reduced concentration maxima, with bendings of 65-90°, The
absence of some highly concentration fissure systems parallel to metal
veins, as well as the absence of friction mirrors point to the presence,
within these andesites, of some cooling fissures, deprived of tectonic
character. These diagrams resemble those from breccifiation zones and
rooted pilars.

Conclusions

The 21,000 measurements of the Gutii Mountains natural fissures.
made on the Paleogene flysch and Neogene volcanics of Sarmatian,
Pannonian and Upper Pliocene "age, point to the parallelism between
metal veins and natural fissures from.the respective mining fields. On
the diagrams, the vein poles are projected on the concentration maxima
of natural fissure poles from the neighbouring areas.

The flysch-like rock complex, folded during previous stages, is
affected by the same fissure systems as volcanics, demonstrating that
the Paleogene basement and theé overlying volcanic complex have been
fissured as a result of the same tectonic action.

The tectonisation degree of the studied sectors shows an advanced
tectonisation of the Sarmatian Ilba deposit and of the Pannonian Sasar
one, while the Sarmatian Nistru-Béita deposit, lying in-between, is less
tectonized. Aocording to Borcos et al. (1979), this is due to the emplace-
ment of Ilba and Sédsar deposits in highly tectonized compartments,
delimited by a less tectonized one which contains the Nistru-Biita
deposit. By means of microtectonic investigations, within these three
mining fields there have been delimited, both in the Sarmatian and
Pannonian, two tectonisation stages posterior to the emplacement of
the Seini andesites, the Pisculatu quartz andesites respectively : a first
stage, prior to the emplacement of the Sarmatian mineralization, Pan-
nonian respectively, and a second stage, posterior to it.
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To the east of the Gutii Mountains, the fissuring occurred during
a single stage, after the emplacement of the Jereapin andesites and
before the emplacement of the mineralization, under the influence of
a mainly NW-SE trending stress, responsible for the generation of vein
fractures. In this case, it is relatively easy to delimit those zones spe-
cific to vein deposits.

The fact that the Sarmatian, Pannonian and Pontian deposits
are crossed by the same natural fissure systems as host rocks of metal
veins, while the poles of these veins lying in the neighbourhood of
quartzite occurrences are projected on the concentration maxima of
natural fissure poles of quartzites, demonstrates that the silicifiation
process related to the three tectonomagmatic cycles, which generated
the quartzites, are prior to mineralization processes.

The microtectonic study of the largest area of the Gutii Moun-
tains offers information on the deep structure of this structural unit.
Correlating the geological and geophysical data from this region, Borcos
et al, (1979) account for the westward prolongation of the Dragos Voda
fault trending to the E-W to west of Baia Mare, crossing the Cizma-
Roata-South Baia Mare zone and .for the presence of an important
NW-SE trending fault passing through Jereapidn and Roata, called the
Gutii fault The microtectonic data confirm these conclusions by the
higher frequency of east-westward fissures from the eastern part of the
region and their rather high frequency west of Baia Mare, between
Baia Mare and Ilba localities, as well as the high frequency of NW-SE
fissures of the Jereapan zone, related to the Gutii fault. The east-
westward ‘alignment of the hydrothermal quartzite occurrences in the
Jereapin-Bajut-Viratec zone seems to be related also to some deep
fractures trending on the same direction.

REFERENCES

Borcos M. Lang B., Peltz S., Stan N. (1972) Evolutia vulcanismului neogen dim
partea de vest a Muntiler Gutfi, St. tehn. econ., Inst. geol., I, 6, p. 7-33,
Bucuresti.

'— Fotopolos S., Peltz S. Socolescu M., Stan N. (1879) Observatii preliminare
asupra structurii regiunii vulcanice meogene Oas-Gutii dedusad din corelarea
datelor geologice si geofizice, St. tehn. econ., Inst. geol. geofiz., 1, §, p. 109—130,
Bucuresti.

Bombitd Gh. (1972) Studii geologice in Muntii Lapusului. An. Inst. geol., XXXIX,
p. 7-110, Bucuresti.

Guriu A., Gridan T. Glavatchi I, Hutini T. /(1975) Consideratiuni structural-
genetice privind zicamintul cuprifer de la Rosia Poieni (Muntii Apuseni).
D. S. Inst. geol. geofiz., LX, 2, p. 23-39, Bucuresti.

Manilici V., Stiopol Victoria @971) La corrélation entre la mincralisation et
Paltération hydrothérmale au champ minier de Baita-Nistru (département
de Maramures), p. 27-32, Budapest. z

Stanciu C. (1973) Procese de transformare hidrotermald in zicamintele Herja si.
Baia Sprie. St. tehn. econ., Inst. geol, I, 9, p. 73-94, Bucuresti.



R i . G s
S Institutul Geologic al Romaniei



“¥. MANILICL. V. MACALET. Mi ic Investigations in Gutii M

V. MANILICt V. MACALET

; | CARTODIAGRAM OF NATURAL FISSURES 1
8 IN THE SEINI-SASAR ZONE | -y

0 1 2 3Km

9 G 16
6.3-125-188%

23 120

o,s-z.s-f:-m-ss-w/ 16
[ Y * 07-2)-68-97-11,7 -16,5%

Nistru-

6 Q 125
07-14-27-81-9% 08 -1.8 24 -4- 6,4-8-98%

3-10-15-20%

0,7-1£-2,3-57-114-12,9%

LEGEND

+ poles of metalliferous veins

. poles of faults affecting the veins

0,7-14-24-37-51-79%

INSTITUTUL DE GEOLOGIE $I GEOFIZICA. Déari de seama, vol. LXVHI/} Imprlm-kul-lnﬂ: Geol.Geof.



D. S. Inst. geol. geofiz. vol. LXVIII (1981). Pag. 95-126
1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

NEW DATA ON THE VOLCANO-SEDIMENTARY FORMATION
FROM THE NORTHERN CALIMANI MOUNTAINS
— GURA HAITII ZONE (EAST CARPATHIANS) !

BY

EUGENIA NITOI? RADU CONSTANTINESCUS

Volcano-sedimentary formation : volcanic structure. Petrology ~— wvolcanics.
Petrochemistry. Sedimentary Tock assimilation. East Carpathians. New
eruptive — Cdlimani.

Sommaire

Données nouvelles sur la formation volcano-
sédimentaire située au nord des Monts Cadlimani — zomne
de Gura Haitii — district de Suceava. Pour la premiére fois on
mentionne et on décrit au N des Monts Calimani la 38me gérie de la formation
volcano-sédimentaire (le compartiment infénieur de la structure de la chaine
voleanique Calimani-Gurghiu-Harghita)., L’étude pétrologique des roches compo-
santes de cette série a démontré Iimportance de la différentiation sur le trajet
d’éruption par l'assimilation des roches sédimentaires, parmi lesguelles les marnes
— découvertes comme enclaves — ont certainement influencé le chimisme
des laves.

Our researches (Fig. 1) concern the upper part of the volcano-
sedimentary formation from the “lower compartment” (Ridulescu et al.,
1964 ; Peltz, 1965 ; Peltz, Peltz, 1970) of the Neogene eruptive. This
area lies south of the zones previously studied by us (Nipoi, 1980),
representing a continuation and a more detailed investigation of the
volcano-sedimentary formation.

The anterior researches in the zone are sporadic and related with
the Neogene eruptivism in general, e.g. Nichita (1934) ; Teodoru and
Teodoru (1961). The Toplita section (Alexandrescu et al.,, 1968) of the

! Delivered on May 15, 1981, accepted for publication on September 18, 1981,
communication in the session of May 29, 1981.

? Institutul de geologie si geofizicd, str. Caransebes nr. 1, 78344, Buocuresti 32.

3 Intreprinderea de foraj si lucriri geologice speciale str Caransebes nr. 1,
78344, Bucuresti 32.
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Fig. 1. — Geological sketch map of volcano-sedimentary deposits from Gura
Haitii zone — N Calimani Mts (Oriental Carpathians). Lower compartment :
1, undifferentiated volcanic-sedimentary deposits; 2, augite hypersthene andesites
(*hornblende, olivine); 3, agglomerates, microagglomerates, breccias, tuffs; 4, horn-
blende andesites ; 5a, augite andesites (d-hypersthene) ; b, augite olivine andesites. -
Upper compartment : 6, pyroxene andesites; 7, veins: basaltic andesites ® ;
hornblende andesites (hb) ; 8, faults.
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geological map of the SR.R. on a scale of 1:200,000 puts forward the
idea of the volcano-sedimentary character of the discussed domain. Nitoi
{1980) draws a parallel between the lower part of the formation and
the first and second series (Radulescu et al., 1964 ; Peltz, 1969 ; Peltz,
Peltz, 1970 ; Radulescu et al., 1973 a, 1973 ¢) of its analogous formation
from the Calimani-Gurghiu-Harghita volcanic mountains (Fig. 2), main-
taining the terminology of the above-mentioned authors.

We are now in a position to state that the upper sequence (III)
;)f the volcano-sedimentary formation (Fig. 2) appears south of Gura
Haitii.

Petrography

The third volcano-sedimentary series south of Gura Haitii is
made up of : volcanoclastic rocks (pyroclastic breccias, agglomerates
and microagglomerates, tuffs), epiclastic rocks (conglomerates), lava
flows (augite + hornblende =+ olivine hypersthene andesites, augite
andesites, brown hornblende andesites, green hornblende andesites, bas-
altic augite olivine andesites), veins (augite-olivine or olivine-augite
basalts, hornblende andesites and pyroxene -+ olivine 4 hornblende
andesites). The general features of the series — according to Radulescu
et al., (1973) — are: the preponderant explosive character ; the pre-
dominance in volcanoclastics of the large size rock fragments and weak-
iy developed matrix ; the varied petrographic nature ; rare rough tuff
tevels ; small sized massive rock sills and veins ; the presence of augite-
olivine andesites.

The following description of the rocks is informative, the given
succession being not related with the stratigraphic order, undefined
so far.

Volcanoclastic rocks. 1. Pyroclastic breccias from the Neagra
Valley and the Haita Valley present 15-20 cm angular, subangular or
subrounded elements of pyroxene andesites, or amphibole-pyroxene
andesites, which are chaotically distributed. The binding material, in
reduced amount, such as microbreccia or lapilli, is made up of ash,
pyroxene crystals, iron oxides, sedimentary rock fragments. 2. Agglo-
merates and microagglomerates are well represented on the Surlei,
Zapodiei (Pl III, Fig. 2), Granitei and Bisericii Valleys, The component
fragments are included in a porous or compact binding mass. Their
cartographic separation is impossible. As a function of the mineralogical
composition of elements several types are distinguished : pyroxenic
(hypersthene or hypersthene-augite) andesites on the Neagra Valley ;
amphibole-pyroxenic (hornblende or hornblende-augite) andesites on
the Bisericii, Duruitoarea and Haita Valleys ; with pyroxenes and oli-
vine on the Zapodiei, Haita, Biuca Valleys; andesites without ferro-
magnesian minerals. Agglomerates present a clear gravitative sorting
in some places, namely where more tuffaceous levels are associated
with rougher ones, or at the upper part of the outcrops, where agglo-
merates and microagglomerates alternate. 3. Tuffs either alternate with
agglomerates (the Zapodiei, Haita, Neagra Valleys) or appear as a
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binder of the latter. They consist of feldspar and pyroxene crystals,
glass, minute andesite lithodlasts and many ferruginous small sized
«olites. In places a fine graded stratification is seen, in which thin
millimetric tuff levels with granulation to 0.5 mm alternate with levels
ol 1 rougher granulation, 2-3 mm’; these horizons present intraforma-
tional microwaves and cracks.

Epiclastic rocks : appear only on the Neagra Valley, as a this uni-

uue level of andesite conglomerates.
’ Lava intercalation. The difference between the lavas of the upper
series of the volcano-sedimentary formation consists not so much in
their paragenesis, but rather in their varied chemism, due to the assi-
milation of some sedimentary rocks, of which the carbonatic ones
{marls, marly limestones) are obvious as enclaves of various sizes ; they
are less frequently associated with ferruginous oolites taken over from
plerced or adjacent sediments.

1. Hornblende-augite-hypersthene andesites are found on the
Neagra and the Haita Valleys. It is known from other zones of the
eruptive Cialimani-Gurghiu-Harghita range, too that the rock type
defined by the presence of a certain mineral as a macrocrystalline
phase varies even within the same outcrop. Thus the rocks of this
group are characterized by the red colour (the groundmass is impregnat-
ed with jron oxides and carbonates), the plate separation, a fluidal or
massive structure, a porphyric microcrystalline texture, The mono-
clinic pyroxene is often very limy and frequently carbonated. Sur-
prisingly, the feldspar of the rock with carbonated pyroxene is un-
expectedly fresh ; this fact could be explained when it was found that
calcite changed intc plagioclase. The catching of the calcite by the
growing feldspar crystals undoubtedly demonstrates that the crystal-
lization sequence was as follows : pyroxene (corroded) — PL I Fig. 1. —
carbonate (Pl. I, Fig. 1; PL III, Fig. 1) (sometimes in inverse order
and in genetic relation with pyroxene) — plagioclase (uncorroded —
Pl. I, Fig. 2). The carbonation of the pyroxene delivers iron as opaque
minerals. :

Feldspar — obviously the last crystallized mineral, even after
the consolidation of the groundmass (Pl. I, Fig. 2 ; P1, II, Fig. 1) presents
a clear, more acid rim which indicates either an intracrystalline moving
of the feldspathic material or the presence of a final fluid enriched
in alkalis. Likewise we should point out that in many either fluidal
or massive intergranular rocks the porphyritic character of the texture
is caused by the unusual late growing of the feldspar.

Only the macrocrystals of some femic minerals — such as olivine
{seldom), hypersthene, or augitic diopside — originated in the initial
melt, their presence in this form giving ‘the true volcanic porphyritic
character. .

The existence of the poikilitic hornblende which includes the
plagioclase should be especially mentioned.

2. Hypersthene-augite andesite (sample 141) from the Batosul Hill
and the Neagra Valley has a massive structure and a cryptocrystalline
. porphyric-hyalopilitic texture ; one can see a preponderance of the
matrix on pyroxene and glomeroporphyric plagioclase crystals. Pyroxene
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may include the plagioclase, whose composition -— optically deter-
mined — is 52-55%, An. The cavities of the rock are filled with crypto-
crystalline silica. )

3. Brown hornblende andesites were encountered on the Zipodiei
Valley. The fluidally disposed amphibole crystals are often solved and
opacitized. The augite and plagioclase phenocrysts appear in a low
proportion.

4. Green hornblende andesite appears on the Bisericii Valley. The
amphibole crystals are 3-4 mm in size and represent, beside the sporadic
pyroxene, the macrogranular phase of the lava with the microcrystalline
groundmass and massive structure, Radulescu (1973) and Peltz (1973}
attribute the hornblende andesite lavas resembling those described
above to the upper stratovolcanic compartment, thus situating them
at the bottom of the second stage effusives from the Calimani-Gurghiu-
Harghita Mountains. Being not certain of their stratigraphic situation,
we have drawn them on the annexed sketch-map as a rectangle in the
only topographic position.

5. We found basaltic augite-olivine andesites on the Duruitoarea
Valley above the amphibole-pyroxene agglomerates, with a quantitative-
ly subordinated plagioclase Ang. The rock has a massive structure and
an intersertal texture. Olivine crystals present alteration phenomena
(serpentinization or chloritous-ferruginous alteration). Nichita (1934)
mentioned erosion surfaces at the basaltic level as the evidence of an
ancient relief ; Radulescu et al. (1964) states that throughout the Cali-
mani-Gurghiu-Harghita range such levels mark the upper stratigraphic
boundary of the volcano-sedimentary formation.

Veins are small and go through the agglomerates and lavas (see
addenda to Table 1). 1. Olivine-augite basaltic andesite (sample 1) ap-
pears on the Haita Valley as a body of 50-60 ¢m in thickness and 5-6 m

TABLE 1

Riltmann's norm — 9, minerals (see addenda)

Plagioclase Pyroxenes Accessories
Sam- N . i | [ | SI
ua = 3 ‘
ple Qrtz S;:;; Andes-| Labra-| Augi-| Hy- otivi- Mag- | Ilme-|Apa- | Cal- |Cordi- [(Kuno
no. ine dor te Y s ne netitel nite | tite | cite | erite |index)
sthene i
1 | e
1 | 0.54} 8.02f — 61.37113.79] 12.01] — j 1.34] 1.14 | 0.44] 1,35 — 24 .06
2 1 1.631 7.21} — 68.90| 6.43] 12.44f — | 1.19; 1.81 | 0.39} — = 21.70
3 | 8.97| 9.54[66.10 — 7.13] 5.831 — [1.11) 0.98 | 0.35] — = 19.41
13 | 7.63[ — — 76.221 1.19f 1.33] — | 1.28/ 0.84 | 0.31| — — 20.51
28 (16.72| 6.59] — 63.01] — 4.43] — | 0.72{ 0.57 | 0.40) — [ 7.35 5.97
29 |14.50] 4.65} 68.03] — = 6.50| — | 0.52/ 0.62 | 0.36f — | 4.03 | 16.71
56 | 9.37) 4.76] — 70.43] 6.221 6.59] — | 1.11] 1.20 | 0.31] — = 9.19
82 J11.71} 6.79] — 64.91] 4.90| 9.03] — { 1.08] 1.11 { 0.46| — = 13.55
131 | 9.76] 6.46] 70.26f — 3.80| 6.73] — | 1.67{ 1.00 | 0.32] — = 10.96
132 | 0.74( 3.29] 74.72) — — 17.41} — [ 1.04{ 1.29 | 0.51] — | 0.99 | 25.35
133 |13.71]10.17| 64.33| — — 9.47) — [ 0.38{ 0.91 | 0.34] — |0.50 20.14
134 — | 8.87] — 67.82] 4.60] 15.06] 0.44] 1.87[ 1.08 | 0.27| — — 24 .33
141 {13.84/13.23} — 61.05( 1.84) 7.45] — | 1.25] 0.92{ 0.43 iy == 11.57
b |




andesite, lava flow,
intercalated in pyro-
clastics
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Addenda to Table 1

°

=

i Rock YField position Analyst Observations

£

1%}

11 Augite-olivine Haita Valley Nichita O., Yamasaki and  Brousse
basaltic andesite, 1934 (1963) consider basalts,
transverse body according to Kuno, all

rocks with Kuno’s index

ST between 27 and 45;

Kuno considers basaltic

andesites rocks with S in-

dex 2920 (from Peltz).

2| Augite-olivine basalt, | Neagra Valley | Nichita O, (onsidered basaltic ande-
transverse body 1934 site by Peltz, 1973.

3| Green hornblende Neagra Valley | Nichita O.,
andesite, transverse 1934 1934
body

4] Basaltic andesite, Piriul cu Nacu D.,
transverse body Pesti Valley 1981

28 Quartz hypersthene Neagra Valley | Nacu D, According to Nichita
andesite, lava flow 1981 (1934), hypcrsthene-augite |

hornblende andesite. {

29] Quartz hypersthene Neagra Valley | Nichita O., According to  Nichitla
andesite, lava flow 1934 (1934), hypersthene-augile-

hornblende andesite

56| Augite-hypersthene Neagra Valley | Nacu D.

(hornblende) ande-
site, lava flow

82| Augite-hypersthene Neagra Valley | Nacu D.
andesite, pyroclastic
block

131 Hornhlende-hyper- Tamau Peak Nichita O.. West side, cut of cur area
sthene andesite, lava 1934 of investigation; pyroxene-
flow hornblende andesite, accord-

ing to Peltz, 1973.

132] Augite-olivine-basal- | Meresel Peak Nichita O., West side out of our area of
tic andesite, lava 1934 investigation : considered
flow basaltic andesite by Peltz,

1973.

133| Hornblende andesite, | Pietrele Rosii Nichita O., West side, out of the area in
lava flow 1934 our map.

134} Augite-hypersthene Pietrosu Peak | Nichita O., South-west side, out of the
basaltic andesite, 1934 area in our map.
lava flow (Peltz,

1973)
141} Augite hypersthenc Neagra Valley | Nacu, 1981
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in height, crossing andesitic agglomerates; the rock has a porphyritic-
hyalopilitic texture, with bytownite and pyroxene phenocrysts. 2. The
“Neagra type basalt” (Nichita, 1934, sample 2) is a porphyritic, micro-
litic rock with plagioclase (bytownite ?), augite and serpentinized oli~
vine phenocrysts. Nichita (1934) judiciously remarked that “the augite
was in quite complete crystals when the feldspar began to separate”.
3. The hornblende andesite (sample 3) has a porphyritic-hyalopilitic
texture, with feldspar and green macrogranular hornblende pheno-
crysts. The plagioclase composition varies from Angz-¢9 in the centre
of the crystals to Ang at their periphery (Tab. 2). Sporadically there

TABLE 2

Feldspar composition and colour index

Feldspar composition
Colour * Chemical anaivsis data
Sample | % o. Optically determined
(number of determ.) Or Ab An
1 30.06 14.59 34.61 50.80
2 22.26 14.15 37.85 48.00
3 15.39 14.94 47.19 37.87
13 16.15 37 —38(2):50—-52(5) .
62(3)+ 72(9). 77.32 30.89 61.79
28 13.67 46—55 (5) 13.74 33.81 47.45
29 12.02 12.43 43.84 43.73
56 15.45 4462 (4) 12.21 34.46 53.33
32 16.59 — 14.16 31.40 54.44
131 13.52 - 15.73 49.95 37.32
132 21.25 — 11.17 41.18 47.65
133 11.79 — 15.62 42.39 42.00
134 23.31 14.94 35.68 49.38
141 11.89 53—54 (3) 18.69 31.53 49.78

* Calculated after Rittmann’s mcthod, 1973

appear chlorite pseudomorphoses after hypersthene. 4. Basaltic augite
andesite (sample 13) has isles of altered olivine, poikilitic pyroxene and
plagioclase macrocrystals in a microcrystalline groundmass. A lot of
calcite is present in the matrix, obviously assimilated from the pierced
sedimentary rocks (Pl II, Fig. 2; Pl III, Fig. 1). Pyroxene is to a
great extent calcitized, the phenomenon going from bonders to the
totall pseudomorph substitution. The zoned plagioclase has a varied
composition, from bytownite in the core of the crystals to andesine
at their external part; the normative anorthite (about 62%, — Tab. 2)
seems to have a litfle too high value in comparison with the optical
results.

After Peitz et al. (1973) the eruptive sequence in the wvolcanic
Calimani-Gurghiu-Harghita range appears as follows :
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— stage 1 (lower volcano-sedimentary compartment): 1, dacite;
2, hornblende andesites; 3, hornblende-pyroxene andesites, pyroxene-
hornblende andesites (samples 28, 29, 56) ; 4, pyroxene andesites (sample
141, 82); 5, basaltic andesites ;

— stage II (upper stratovolcanic compartment): 1, hornblende
andesites ; 2, hornblende-pyroxene andesites, pyroxene-hornblende an-
desites (samples 131, 133, 3); 3, diorites, microdiorites ; 4, pyroxene
andesites (samples 132, 134, 1, 2, 13); 7, basalts.

The chemically analysed rocks we refer to are lava flows inter-
calated in the third series of the volcano-sedimentary compartment
(samples 28, 29, 56, 141) and a pyroclastic element from the mass of
this series (sample 82); they seem to form a petrechemical subseries
with the composition of the veins (samples 1, 2, 3 — analysed by
Nichita, 1934) and with some lava flows situated on the crest west of
the Neagra Valley (samples 131, 134). The Rittmann norm (Tab. 1) may
give a veridical idea about the modal composition of the chemically
analysed voleanics ; the corroboration of the data from Table 1 with
the projection points position in the QAP diagram (Fig. 3) proves that
the rock species were correctly registered (schedule to Table 1). The
analysed samples proceed from leucocratic rocks in which the principal
mass is formed by the tectosilicate ; the microscopic study showed the
frequent existence of almost exclusive feldspathic facies in which ge-
nerally only melanocratic minerals are {rue phenocrysts, the plagio-
clase being the last formed mineral, often obviously blastic, at the
expense of calcite, The finding may be regarded as a characteristic
of the petrography of the andesites and basalts south of Gura Haitii.
But confronted with the length of the Céalimani magmas field (Peltz
et al, 1973) in the QAP diagram (Fig. 3 a) the lavas south of Gura
Haitii have a transversal disposition, in the direction of the syntectic
melts (Rittmann, 1963) and a Pacific differentiation tendency ; it is
worth noting that in the diagram of Figure 3 b, built after data from
Table 1, the basaltoid lavas are aligned parallel to the triangle base,
while the normative compositions of the zone studied by us — among
which samples 131, 134 — form an elongated field in the leucocratic
side direction ; it is significant that sample 13 — basaltoid vein with
much assimilated sediment — is the meeting point of the two series.
We should point out the orthopyroxene enrichment of the basaltic rocks
(samples 1, 2, 132, 134 — Tab. 1) which are not necessarily the bearers
of the most basic plagioclase (rock 132). In this last respect the CI
(colour index) %An (normative) diagram (Fig. 4 and Tab. 2), is more
suggestive, which clearly separates the lavas group of the studied zone
(lower in Fig. 4) from that of the veins (upper) resembling the basal-
toid rocks from the upper compartment and from the western moun-
tainous ridges (a fact also supposed by Nichita, 1934); namely, one
may clearly distinguish between the plagioclasic melts, or those which
possibly assimilated sediments (it seems especially marly limestones)
and the ones for which samples 56 and 13 represent the most striking
and also the most melanocratic cases, formed at high pressures; again
sample 13 — although coming from a discordant vein-like body — be- -
longs, by carbonate assimilation, rather to the lower series of the
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diagram. The close grouping of the wvirtual feldspathic compositions
(Tab. 2) in Or-Ab-An diagram (Fig. 5) demonstrates that the partition
of the petrographic types is made not so much by the plagioclase as
by the melanocrate share in the rock structure (see also Fig. 3 b).

Ct
BASALTS
304 ANDESITES  |e-d
Fig. 4. — Colour index: //
%An diagram. o
N 24134 >
1, Gura Haitii zone 0 /x. X
samples ; 2, comparison 132
o 3 —
terms from weft. sxdg I .// g 56’£2/ PYE]
of the areal (Calimani i X 13329 e !
Mts basaltic andesites). Yoo = T“’
+
d L ' h
L0 50 60 % An

% AB 10 30 50 70 90 % AN

Fig, 5. — Rittmann’s (1973) necrmative Or-Ab-An diagram.
Legend : see Fig. 4.

However, the curve aspects of the two series from Figure 4 mark
normally the positive correlation between the anorthite frequency and
that of the femic minerals ; only the slope difference is given by the
carbonate presence in the lower series rocks.

Chemical Data and Petrogenetic Considerations

Discussing together the compositions from the two structural com-
partments (Tab. 3. 4) of the eruptive Célimani-Gurghiu-Harghita range
we have to mention that their separation was made (Radulescu et al.,
1964) according to the criterion of the existence between them of a
“moulding level” and that “the structural link of the veins with the
volcanic superstructure is demonstrated” (Rédulescu, 1973 a).



106 E. NITOI, R. CONSTANTINESCU 12

TABLE 3

Chemical analyses results -

Samples
Oxides .

(%) i 2 3 1K) 28 29 56 82 131 | 132 133 134 141
Si0, 48,38) 50,45) 57,14] 52,85 59,84] 60,33) 53,77 54,95] 57,78 52,60} 59,70} 51,36/ 57,33
TiO, 1,07 1,64} 0,95 0,75] 0,52] 0,58] 1,106 1,02{ 0,94} 1,15] 0,83 0,99 0,85
Al,O, 17,43} 19,05] 18,42) 21,58} 20,94] 20,47} 19,98} 19,23] 18,76| 20,45] 19,07 19,93{ 19,64
Fe, 04 2,731 2,350 2,101 1.78 2,98] 1,37] 5,62{ 5,80; 3,05 1,68} 1,75 3,02{ 2,77
FeO 6,46| 6,090 3,17 5,79} 2,96] 2,83 2,65 2,52 4,45 6,45] 2,89 6,42] 3,92
MnO 0,17} 0,08 0,16 0,13] o0,12] 0,04; 0,13 0,11} 0,18} 0,18 0,14 0,13} 0,15
MgO 4,16 3,630 2,62] 2,831 0,67 1,87 1,26] 1,93} 1,63| 4,40] 2,52] 4,55 1,50
CaO 10,48] 8,51 7,521 9,54 6,83] 6,66{ 9,32] 8,92; 6,75 7,48 6,37 8,52 7,91
Na,O 2,41 2,95] 3,82 2,500 3,01 3,58 2,72| 2,51| 4,14] 3,42} 3,47 2,88 2,51
K,O 1,53} 1,670 1,830 0,90} 1,6%f 1,54] 1,46} 2,26 1,60 1,41} 1,92 1,83 2,26
P,0;5 0,201 0.18] 0,17} 0,14 0,20 0,18 0,15 0,22{ 0,16} 0,25 0,17 0,13} 0,20
H,0% 4,200 2,11 1,350 0,30f 0,39 0,68 1,16] 1,22} 0,16] 0,36/ 1,12 0,43 1,22
H,0~ 0,66] 0,53 0,62] 0,24 0,54 0,44; 0,84] 1,02] 0,32[ 0.29{ 0,421 0,3 0,36
CO, 0,52 Sid. | Sid. Sid. = — — - Sld.
Total | {100, 38| 99.23[100,03} 99.08{100,07[100,57 99, 33100, 31 99, 92100, 12{100, 32{100, 58/100, 26

TABLE 4
Niggli values
Samples ‘
Niggli
values 1 2 3 13 28 29 56 82 131 132 133 134 141
0

Si 125,29{137,90(178, 24{145, 11j203, 46/202, 05[159, 32{163, 30({181, 08{139, 76{197, 6¢{ " 30 52/181,21
al 26,61} 30,70| 33,85| 34,88} 41,95] 40,39| 34,88} 33,67| 34,64 32,01 37,17 25 84| 36,57
fm 3574 | 33,65| 25,84| 28,34 19,77 20,82| 24,98] 28,05| 26,94 35,51| 25,1} 36,92 24,41
¢ 29,08 24,93| 25,12| 28,05 24,87| 23,89 29,58] 28,39| 22,66] 21,29( 22,5 23, 1¢| 26,78
alk 8,58| 10,75| 15,19 8,231 13,41} 14,90¢| 10,57{ 9,89 15,77| 11,19( 15,0¢] 10,06| 12,24
k 0,291 0,27 0,241 0,18 0,26 0,22} 0,26] 0,31 0,20{ 0,21 0,27 0.2¢| 0,37
mg 0,45| 0,44 0,47 0,40 0,17} 0,45 0,22{ 0,30{ 0,28] 0,49 0,4¢| 0 4°| 0,29
ti 2,08 3,37 2,231 1,55 1,55] 1,46] 2,47 2,28 2,21} 2,30 2,07 1 2,02
p 0,22} 0,21 0,22 0,17) 0,28 0,26] 0,19} 0,28] 0,21 0,28 0,2-{ 0 14 0,28
w 0,27 0,28} 0,36 0,21 0,47} 0,30, 0,65 0,86 0,37 0,19 0,3-] o 2| 0,38
qz —9,02{—4,94} 17,50] 12,20] 49,84] 42,43 17,05 23,76| 18,01|=5,01| 37,4 | ¢ 7 | 32,24
c/fm 0,814} 0,741| 0,972| 0,973] 1,258} 1,147| 1,184] 1,012} 0,841{ 0,599| 0,887 / 52 | 14,097
Q 32,35] 34,44 40,02| 39,23| 46,86| 45,37| 40,14} 41,20] 40,25| 34,92 44,0 43,21
M 27,52 21,68| 15,39] 16,20| 10,88| 10,44] 15,58 16,601 14,49] 19,73} 11,5:4 1 . | 12,76
L 40,13 43,88 44,59| 44,57| 42,20] 44,19 44,32| 42,20{ 45,26 45,35| 44,4 44,03
Fo 9,08 7,8t 5,501 5,98 0,06 2,91] 1,84 4,14 3,42 8,94| 5.1 3,18
Fs 3,011 2,56 2,24] 1,90 3,17] 1,44] 4,60 6,28 3,23] 1,76 1.8 2,97
Fa 8,14 7,453] 3,95 7,05 3,17 3,36] 9,14} 3,17 5,45 7,731 3 > 4,85
Cs 4,84} 2,30| 2,63 0,45 0,00 0,00/ 0,00] 1,83 1,41 0,00 0 0,72
Kp 5,731 6,17\ 6,62 3,26 5,81} 5,49 12,82; 5,95 5,74] 5,01 6. 8,22
Ne 13,71) 16,56 20,99| 13,75| 16,49 19,40 4,87 13,22 22,57 18,48; 18 * 13,87
Cal | 20,42] 21,15] 16,97 27,56| 19,97} 19,31} 13,19 23,03 16,94| 21, 46{ 18 21,95
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The data of Table 3 are more suggestively expressed in Figure 6,
in which the bench marks of some characteristic compositions for the
studied class rocks are also projected. Some brief comments upon the
resulted curves follow : ‘

— especially characteristic is the AlO3; curve; it is situated on
the whole much higher than the average values admitted for tholeiites
(14-15%, Al;03 with a net minimum of 13.5%; AlyO4 straight at 50% SiO,
~— Besson and Fonteilles, 1974) ; the analysed rocks substantially ex-
ceed the content of 16%; AlyO; of the calc-alkaline series too, certainly
belonging to the category called by Kuno (1960) “high alumina basalts”,
characteristic of the island arcs (subduction zones) (see also Ridulescu
and Siandulescu, 1973 ; Bleahu et al, 1973 ; Bocaletti et al, 1973;
Peltz, 1973). The calc-alkaline characteristic of the differentiation prod-
ucts was announced by the above-mentioned petrographic investiga-
tion, the features of the modal composition of the series being the
following : the presence of the hypersthene instead of the pigeonite and
particularly the richness in plagioclase especially of andesites; this
fact reveals the oxidizing forming conditions of melts with little water.
It is remarkable for the Gura Haitii rocks that the peaks of the curve
— the samples with much calcite — generally rise by 1-2%, above the
AlyO3 content of the basalts and andesites from the Calimani Moun-
tains. We must admit that the limy fragmenits represent — as re-
crystallized “restites” — Pl II, Fig, 2; Pl III, Fig. 1 — only a fraction
from the assimilated sediment, the one which was not assimilated by
the hot lava; Nichita (1934) enumerates in the base of the eruptive
“calcareous glauconitic grits, sandy limestones, clays“ and Szadecky
in 1928 (Nichita, 1934) considers the quartz-biotite andesites in the
south and in the north of the eruptive range as “assimilation products
caused by the close contact with the base” ; thus the idea is not new
{see also Radulescu et al., 1973 ; Radulescu, 1973 e; Peltz et al., 1973)
and we can accept that the clay material (Al!) of the assimilated
sediments redistributed more easily in the melt; anyway, the asso-
ciation of plagioclasites — possibly with a relatively very limy feldspar
{sample 13) — with carbonate is striking ;

— two essential aspects of the analysed rocks chemism arise
from the study of the iron diagram : 1 — the symmetry of the anta-
gonic fluctuation of the FeO and FeyO; curves, which demonstrates
an oxidation process in pyroclastics (sample 82) and in some lavas
(sample 56) on the generally linear descending background of the total
iron content, simultaneously with the rising of SiOs; 2 — Gura Haitii
rocks are situated under the standard line, thus contrasting also with
the tholeiites rich in iron (and olivine) (see Fig. 7) ;

— the Ca0 and MgO curves should be considered together, as
being of some principal elements involved in the common process of
differentiation. The CaO curve rises over the standard values, that of
MgO substantially descends under them. Judging by the CaO/MgO pro-
portion in the rocks 56 and 28, the calcitization is made with the
elimination of the femics, a fact also noticed in thin sections ; but while
the iron dislocation is made with its preserving in the rocks — if not
with its substitution by oolitic sediments iron — the magnesia dis-
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location is made with®its exclusion from the system (chloritization —
Teodoru and Teodoru, 1965). However, for the analysed samples in
general, the curves slopes are similar ; the quite perfect symmetry of
the contrary oscillation of the MgO and Al;O; curves proves that the
differentiation process must be pursued through its mineralogical bench
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Fig. 7. — % alk :%, SiO, diagram. 1 and 2, see Fig. 4; 3 and 5, Cili-
mani Mts typical andesites; 4, Calimani Mts basalts (Peliz, 1971) ;
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marks — the femic minerals and the plagioclase feldspar, the latter
taking to a great extent the lime resulted from the pyroxene decom-
position ; the assimilation of the sediment carbonate could cause only
the important deviations from the line.

Peltz et al. (1971), discussing about the second eruption stage
basalts from the Cilimani Mountains, established their position at the
limit between the alkaline and tholeiitic. domains ; the pyroxene ande-
sites of the upper compartment (Ridulescu et al., 1964) are placed
on the same Iimit line, thus presenting a constant tendency in the
magmas chemism evolution. The lavas studied by us south of Gura
Haitii build a.certain differentiation subseries, elongated parallel to the
mentioned limit, but in the so-called tholeiitic domain of the alk/AlO;.
diagram (Kuno, 1968). The vein-like basaltic rocks (samples 1 and 2)
have the same limit composition, quoted by Peltz, as the basaltoid an-
desites 131 and 132 too, taken as comparison terms ; the fact demon-
strates that this is the standard series of the C&limani Mountains rocks
(Radulescu, 1973 e, d). The parallel line of the lavas south of Gura
FHaitii pleads for the intervention in the differentiation process of an
additional phenomenon which as a rule causes a change in the pro-
cess ; this phenomenon is the clay, gritty, marly sediments assimilation,
recognized by Peltz et al. (1973), also for the South Harghita Mountains,
but which is much more obvious here ; the presence in the lavas studied
by us of sample 13 — basaltoid vein-like andesite with basic plagio-
clase and much calcite in composition — and of samples 131 and ’133’
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on the crest west of the Neagra Valley certifies the truth of the above
interpretation. On Rittmann’s diagram (1973, Fig. 8) all the rocks
examined by us enter the maximum frequency domain of the island
arc lavas chemism (see also Radulescu and Sandulescu, 1973 ; Bleahu
et al, 1973 ; Bocaletti et al., 1973 ; Peltz, 1973).

The study of the si: al, fm, ¢, alk (Fig. 9, Tab. IV) ratios streng-
thens the findings from the comment of Figures 6 and 7. Especially
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Fig. 8. — Rittmann’s (1973) diagram for tectonic position of

calc-alkaline rocks. © = (ALOs — Nay0) / TiOy (b wb;
6 = (K0 -+ NaO)¥Si0y, — 43 (% wt) ;

A, unorogenic zones ; B, orogenic zones and island arc lavas;

C, alkaline derivates of A and B (sodic linked to A ; potassic

linked to B); D, Japan volcances lavas; 1, Gura Haitii zone
samples ; 2, basaltic andesites Célimani Mts.

the peculiar subseries character of the rocks south of Gura Haitix
clearly ensues against the basalts and andesites differentiation general
line from the Calimani Mountains : the adverse oscillation of the para-
meters fm — under the Cilimani Mountains average — and ¢ — over
their average — is very cbvious ; there also appears — as in Figure 7
too — the less alkaline character of these rocks. The lime excess,
irrespective of its origin, leads to the femics elimination and its presence
in the carbonatic form modifies the process development — according
to Willie and Watkinson (1970) CO; extracts the water from magma
as a separate gaseous phase, forcing the crystallization ; but the “dry’”
melts crystallization does no longer precipitate pyroxenes but plagio-
clase at solidus limit. This finding is in agreement with the petrographic
data (see above) — the pyroxene which has become instable loses its
lime which is taken over by the partially blastic feldspar. In order that
this differentiation sequence may exist the carbonate introduction in
the gystem is necessary after the femics formation — therefore, again
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_the assimilation of the sediments. Only thus can the evolution from
aluminous basaltic magmas (with pyroxenes — see Figure 3 b) to
plagioclase andesites be explained ; the feldspar formed either at the
expense of the magma lime or at the expense of the lime introduced
from outside, possibly with more anorthitic compositions (sample 13)
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Fig. 9. — Niggli parameters diagram. 1 and 2, see Fig. ¢;
3, Calimani Mts basaltic and andesitic rocks (Peltz, 1973).

in the latter case. The observation data and the experiments (Bowen,
1928, 1937 ; Stanfield, 1928 ; Shand, 1930 ; Schairer and Bowen, 1935 ;
Schairer, 1950 ; Wyllie, 1970) proved the existence of the above-
mentioned “feldspathic barrier” preventing the “desilicifiation and
alkalinization of magmas” with syntectic limestone.

In the al:fm diagram (Fig. 10) there appear three groups of
rocks aligned on the negative (descending) diagonal : basalts and basal-
tuid andesites (samples 1, 2, 132, 134 ; see also Figure 3), hornblende
and pyroxene andesites and those with (normative) hypersthene and
quartz (samples 28 and 29); the last two groups get out of the Cali-
mani Mountains volcanics field (Peltz, 1973), still remaining in their
clongation direction and thus proving the subseries character of the
rocks south of Gura Haitii.



112 E. NITOI, R. CONSTANTINESCU 18

The examination of the al:alk diagram (Fig. 11) leads to the
same conclusion, but here the differentiation is less marked, the ande-
sites south of Gura Haitii assimilating especially marly limestones.

f
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~—~ -3 Fig. 10. — Niggli fm =
°® 4 al diagram.

X 5 1, gabbrodioritic mag-
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\,\j ra Haitii zone samples:
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Fig. 11, — Niggli alk :al diagram. 1 and 2, see Fig. 4; 3, grano-

dioritic magmas, Calimani Mts (Peltz, 1973) ; 4, dioritic magmas,
Calimani Mts (idem).

The subseries character of the rocks studied by us also results
from their alignment in the Kp :Ne :Cal diagram (Fig. 12); that their
differentiation is controlled by the lime amount is proved by the pre-
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serving of the alkalis ratio, the kalium enrichment stated by R#dulescu
(1961) for the “infracarpathian province” being here slightly obvious.

Taking into account the bipolar relation of the lime and magnesia
we tried to see the behaviour of the analysed samples in the c:mg-

H¥pIK)

NelNg) Ca} {Ca}
Fig. 12. — Niggli’s norm Kp-Ne-Cal diagram. 1 and 2, see Fig. 4.

diagram {(Leake, 1964, Fig. 13). The deviation of our rock series from:
the evolution normal line of the magmatic differentiates appears.
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Fig. 13. — Leake’s (1964) c:m diagram. 1 and 2, see Fig. 4.

divergent towards the limestones domain. Again the basaltoid andesites:-
represent the chemism from which the differentiation by assimilation
begins. With the exception of sample 13 — a basaltiec vein from the-
lower volcano-sedimentary series — all the transwversal bodies have:
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compositions projected in the middle stage differentiates domain, like
the basaltoid andesites on the crest west of the Neagra Valley (sam-
ples 132, 133, 134) too. That the differentiation without assimilation
is made after the evolution line noted by Leake is proved by the
position of sample 131 ; the lavas and sample 13 are certainly syntectic.
The close grouping of the vein-like rocks under the curve’s peak is due
to their excessive aluminous character.
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Fig. 14. — Leake’s (1964) mg:c:(al-alk) diagram. 1 and 2, see Fig. 4.

For discussing this last parameter we have to use the 100 mg : ¢
{al-alk) diagram (Fig. 14) of the same author, to which we added the
graywackes domain. Here the basaltoid veins and andesites have the
same genetic position as in Figure 13, but the hyperaluminous character
of the lavas from the zone investigated by us makes the whole projected
series to migrate to the right side of the diagram, namely to gray-
wackes and pelites. It is very plausible that such sedimentary rocks or
fractions would solve in magma rather than the calcite which is assi-
milated especially in the samples from the lower side of the diagram ;
this leads to the recurving of the series line to the left in the base
of the triangle.

On the QLM diagram (Fig. 15) the rocks chemism “moves”
parallel to the standard magmas from Lassen Peak towards the leuco-
crate domain, within the Célimani Mountains lavas limits (Peltz et al.,
1973). The concentration of the projection points in three zones marks
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the assimilation character : down on the left there are “pure line”
?ndesnes; in the centre-limy rocks; up on the right-hyperaluminous.
lavas.

Q

Fig. 15. — QLM dia-
gram. 1 and 2, sece
Fig. 4; 3, Calimani Mts
magmas (Peiltz, 1973) ;
4, Lassen Peak rocks;
5, dioritic magmas, Céa-
limani Mts (Peltz, 1973).

M

The elimination of the quartz and alkalis from the interpretation:
of the chemism does not change the grouping of the rocks, the same:
in the c¢/fm :mg diagram (Fig. 16), the parameters of which illusirate-
the differentiation.

The most significant grouping of the samples is that from the-
al : ¢/fm : alk diagram (Fig. 17), in which : rocks 132 and 134, basaltoid.
andesites, represent the unsyntectic lavas domain (¢/fm==0.6-0.62 ;
Fig. 17 a); hornblende andesites lavas head the series in the Gura
Haitii veins group (¢/fm=0.74-0.97 ; Fig. 17 b); syntectic lavas from:
the studied zone form a differentiation series in the most limy domain
(c/fm=1.012-1.2568 ; Fig. 17 ¢). That the diversification of the rocks in
question is essentially defined by the lime content is proved by the
superposition of the 17 a-c diagrams, forming a single one (Fig. 17 d)
which reconstitutes the subseries character.

Starting from the idea of the differentiation control by lime, we:"
were concerned with the iron situation, knowing that : basaltoid ande--
sites are as a rule the richest in Fe?* (Fig. 6) ; the antagonist oscillation
of the FeO and FeyOs; curves in Figure 6 demonstrated an oxidation ;
the syntectic lavas have many sedimentary ferruginous enclaves, even--
tually restitic in the neoformation plagioclase (PL II, Fig. 2; Pl IIL.
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Fig. 1) ; the pyroclastics and tuffs have very much iron, which lends
them the red colour. The Fo : (Fs-+Fa) : Cs diagram (Fig. 18) distributes
the rocks south of Gura Haitii in two groups: the first is radially
disposed towards the right corner of the triangle — that of the basal-
toid andesites and of the veins, uncontaminated volcanic rocks of the
Lassen Peak type ; the second is divergent against the first one, suk-
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Fig. 16. — c/fm:mg diagram. 1 and 2, see Fig. 4.

parallel to the right side of the diagram — that of the syntectic ande-
sites. It is significant that the latter line begins with sample 13 — a
basaltoid vein-like andesite which passes through the volecano-sedi-
mentary series I and II, assimilating marly limestones and modifying
its plagioclase anorthite content. The chemism evolution of the second
rock group at the bottom of the diagram denotes, as it has already
been noticed, the substitution of the magnesia by lime and in a small
amount by iron ; simultaneously there is a growth of the Fe;O; shave
in the rocks composition, accompanied for the lower head of the series
by the diminution of the FeO frequency, which means an oxidation.
The oxidation of the magmas when they assimilate limestones is a
phenomenon already seen elsewhere (e.g. in the Triassic zone of North
Dobrogea, Constantinescu et al., 1981), unexplained satisfactorily so far ;
it could be connected with the water extraction from melt by COs.
It is interesting that sample 82, a pyroclastic element, has the most
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oxidizing character. Rock 28 — with a peculiar position in many dia-
grams (e.g. Fig. 14) — occcupies the left corner of the figure, marking
thus through its chemism the taking over in this composition of a
great quantity of polites (and clay material) to the lime detriment;
remarkably, the essential difference (Tab. 3) between the chemism of
sample 28 and that of its neighbour in the field, sample 29, consists
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Fig. 17. — Niggli c/fm :al:alk diagrams. 1 and 2, see
’ Fig. 4. ' '

in the FesO3 amount, revealing again the oxidizing character of the
assimilated iron. 7

It is obvious for us that, against a hyperaluminous background,
the rocks south of Gura Haiti form a continous differentiation sub-
series in which the control of the analysed sample position is done by
the lime : magnesia ratio (Figs. 13, 14); a subgrouping is done by the
iron : magnesia ratio (Fig. 18). In this situation the elements which do
not participate in the mentioned differentiation process are expected
to characterize the rock type, together with the magnesia, which is al-
ways present in the first born metasilicates. The mg :alk, k, ti, p dia-
gram (Fig. 19) supports the validity of such an idea.
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The mg :alk ratio (Fig. 19 a) concentrates the samples like the
femic minerals which petrographically define them : at the bottom in
the right side of the figure there appears the basaltoid andesites field
‘lavas on the crest west of the Neagra Valley and veins) ; on the left
side, centrally, there are the syntectic pyroxene andesites lavas; at

FolMg)

®1

X2

//<-

t‘/ .
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Fig. 18. -— Niggli’'s norm Fo :(Fs - Fa) : Cs diagram. 1 and
2, see Fig. 4.

the top of the figure hornblende (guartz) andesites (among which
sample 29 is somehow dissonant) are grouped. The evolution of the
melts would be made from an initial basaltoid type towards the horn-
biende type — through fractioned differentiation and alkalinization or
towards the pyroxene type, finally syntectic — through alkalinization
and the loss of magnesia when there is assimilation ; the initial basal-
toid type was of the composition of the present veins (the field from
the right side, at the bottom of Figure 19 a), which represent a new
eruption with uncontaminated melts.

The mg : k ratio (Fig. 19 b) establishes the same groups, but with
another graphic aspect, differentiating also the rocks within the groups.
Keeping the above genetic interpretation we accept an enrichment in
kalium — on the right of the diagram — aoccompanied by an jelimination
of the magnesia from the syntectic compositions on the left.

Titanium (Fig. 19 ¢) leaves only the rocks with very much dis-
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solved sediment (samples 29, 28, 13), keeping the same share in lavas
(left) as in the initial melt (right).

The mg : p ratio (Fig. 19 d) clearly separates only the lavas group
south of Gura Haitii (the left side of the diagram) from that of the
basaltoid veins andesites on the crest west of the Neagra Valley (right).

Otherwise Figure 19 marks on the whole firstly this concentration
of rocks under mg==0.3 and over mg=0.4 — linked to the Mg: Ca
ratio — like the anterior figures; the ordinate parameters differentiate
then, to some extent, the rock types.

Conclusions

The summing up of the above-presented facts allows the follow-
ing statements :

— the field research revealed first the presence in the north of
the Céalimani Mountains (Fig. 1) of the third series of the volcano-
sedimentary formation, in normal superposition over the lower ferms
(Nitoi, 1980) ; thus the stratigraphic column in this zone is completed,
marking the remarkable sedimentation constancy throughout the Cali-
mani-Gurghiu-Harghita Mountains range (Radulescu et al., 1964 ; Peltz,
Peltz, 1970 ; Radulescu et al., 1973 b). The mentioned third wvolcano-
sedimentary series is overlain by the upper strato-volcanic compartment
(Balintoni et al., 1981, Geological Map of the S.R.R. 1:50.000, Saru
Dornei sheet, in press) ;

~— the third series of the volcano-sedimentary formation consists
of : voloanoclastic rocks, sporadically epiclastic rocks, lava flows and
veins. The essential features of the series are : the predominance of the
volcanoclastics with large sized elements and little matrix, the relatively
varied petrographic nature, lava sheets and small transversal bodies
with massive structure of the rock ;

— lava intercalations consist of : hornblende-augite-hypersthene
andesites ; augite andesites ; brown hornblende andesites ; green horn-
blende andesites ; basaltoid augite-olivine andesites ;

— veins consist of basaltoid olivine-augite andesites, basalts, horn-
blende andesites, basaltoid augite andesites ;

— lavas and some veins are characterized by the assimilation
of the sediments (marly limestones more evidently, generally with
ferruginous oolitic concretion) on which they lie or which they pierce.
The process is unpublished for the zone studied by us ; in other regions
of the volcanic Célimani-Gurghiu-Harghita range the phenomenon was
aceepted as possible with local typicalness (Szadecky, 1928 ; Nichita,
1934 ; Radulescu, Dimitriu, 1973 ; Peltz et al., 1973) ;:

— all the massive volcanic rocks from the researched area have
the common feature of the plagioclase net predominance in their modal
composition ; this plagioclase is in all the cases fresh, late formed in
rocks, near the groundmass of the rock consolidation point and some-
times after it, so that only femic minerals could be called phenocrysts,
the feldspar giving a porphyroid character; the petrographic study
revealed the plagioclase genesis from lime originating either in the
magmatic pyroxenes decomposition or in assimilated sediments ;
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— among femic minerals the pyroxenes are always, present as
rhombic (hypersthene) or monoclinic (diopside augite) varieties; the
olivine and the brown or green hornblende appear sporadically ; the
last-named metasilicate may also finally crystallize in the consolidation
sequence of the rocks ;

— the chemical investigation established : the hyperaluminous
character ; the particular frequency of the lime, with varied shares
and growths at the expense of magnesium ; the generally oxidizing
character which is stronger in the syntectic varieties ; the water scarcity
of the andesitic species and especially of those with sedimentary
assimilations ;

— the mentioned defining petrographical, mineralogical and chem-
ical features distribute the volcanic rocks south of Gura Haitii to the
“high alumina basalt” composition domain, typical of the subduction
zones (or island arcs) (Fig. 8) (Radulescu, Sandulescu, 1973 ; Bleahu
et al.,, 1973 ; Peltz, 1973) ;

— the interpretation diagrams of the flows and veins chemism
demonstrated the particular subseries character of the studied rocks,
disposed parallel to or as a continuation of the compositional variation,
of the volcanics from the Calimani Mountains in general ; this beha-
viour is due not so much to the fractioned differentiation as to the
assimilation of the prevailing limy sediments ; within the subseries the
composition of the veins is placed constantly near that of the basaltoid
lavas of the upper stratovolcanic compartment and the flows show a
syntectic diversification ;

— the finding leads to the conclusion that the changing of the
lime : magnesium ratio is the essential reason of the melt groups dif-
ferentiation, on the hyperaluminous background ; iron and the alkalies
shares produce the varieties in groups. The whole process is hest
characterized by Niggli’s c¢/fm :al :alk diagram (Fig. 17);

— we suppose that in the investigated zone the unique basaltoid
andesitic magma erupted in pulsations (see also Rédulescu, 1973 a);
the first flows were affected by assimilations, consequently modifying
their chemism ; the next generally uncontaminated eruptions have ge-
nerated the transversal veins and the lava sheets of the upper strato-
volcanic compartment, well represented west and south-west of the
Neagra Valley ; the unsyntectic differentiation of these last melts
evolved to the hornblende andesites of the upper compartment. (The
pyroxene andesites south-east of the zone belong to the general frame
of the upper stratovolcanic compartment lavas chemism, but represent
either another differentiation of the basaltoid andesitic melts or belong
to another eruptive pentre — Figs. 1 and 7) ;

— the mineralogical sequence of the differentiation has been
probably the following : the eruptive basaltoid lost its water, which
led to the femic minerals disintegration (mostly metasilicates) and to
the melt oxidation, with the normal consequence of the massive plagio-
clase crystallization at the expense of pyroxenes too. When magma
included sediments the process was hastened : CO, extracted the water
from the melt, simultaneously contributing to the pyroxene calcitization
and forcing the crystallization of the plagioclase ; the lime resulted
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from the calcite dissociation was taken over by the plagioclase, whose
composition became more basic (e.g. sample 13, Tabs. 1, 2). The alkali-
nization theory of the gabbrodioritic magma through the limestones
assimilation (Daly, 1910), which was not proved and was contradicted
by experiments (Stanfield, 1928) is also refuted here — against the
foides appearance there exists the “thermal barrier of the plagioclase”.
Otherwise Bowen demonstrated as early as 1922 that the marls addition
to the basaltic magma “brings nothing new in melt” ; only the assi-
milation of a great amount of sediment leads to the melilites appearance
under the conditicns of the existence of a heat excess;

— the exhaustion of the sedimentary material from the melts
access way to the surface and the’ screening of the sediments by the
first syntectic eruptions and by pyroclastics finally allowed the ap-
pearance of “pure magmatic line” eruptions ; hence the basaltoid cha-
racter of the upper compartment lavas ;

— the generally admitted differentiation sequence for the Cali-
mani-Gurghiu-Harghita range on the whole — from acid to basic — 1is
not contradicted so that the above-presented explanation is valid for
the chemical variation of the rocks south of Gura Haitii. Against the
very constant basaltoid andesitic background of the hypogene magmas
from the East Carpathians (Riddulescu 1973 d; Radulescu, Sindulescu,
1973 ; Peltz, 1973) the chemism variations are due to various differ-
entiation processes ; the assimilation of the sediments represents a
stage in the second Neogene eruptions cycle in the Gura Haitii zone,
offering a practical basis for some older hypotheses (Szadecky, 1928
see Nichita, 1934 ; Radulescu, 1973).
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QUESTIONS

G. Udubasa : 1. Are the rocks exhibiting assimilation phenomena generally
fresh or altered ?

Do you consider the rocks under discussion to be devoid of magmatic
plagioclase ? :

Answer : 1. What strikes is the freshness of the rock and the neosomatic
«character of the plagioclase megacrystals.

2. No, but the magmatic plagioclase is more acid and forms the essence
of the matrix and the germs of the neosomatic megacrystals.

D. Sandulescu : 1. Did you find other types of sedimentary enclaves beside
limestones ?

2. Do the chemically analysed samples proceeding from both pyroclastics
and veins and flows suggest the same evolutionary process as that of the dif-
ferentiation of the andesites analysed within the stratigraphic column of the
volcano-sedimentary formation ?

3. Do you consider possible the assimilation of the limy sediments at the
speed of the magma ascension on the way of the emplacement of lavas ?

4. As there are also alveoli filled with chlorites within these andesites,
cannot the limestone recrystallized as rosette be such a type of alveoli filled
with calcite ?

Answer: 1. Yes, we found the ferruginous oolites of the sediments in
the zone.

2. No. As shown in the diagrams, the rocks of Gura Haitii form a special
subseries exhibiting distinct chemical and mineralogical characteristics connected
with the assimilation process. The contaminated magma is the andesitic, basaltoid,
hyperaluminous one, resulted from the remelting of the oceanic crust on the
Benioff plane.

3. Yes. We shall furnish proofs in another work we are preparing now.

4. The alveoli are difficult to be mistaken for the corroded enclaves (see
photo).

M. Sandulescu : What is the percentage of plagioclases considered by you
to be generated by the assimilation of some sedimentary rocks ?

Answer : The phenomenon has a substitution character and the result is

not so much a change in the feldspar amount within the rock as a “basification™
of this mineral (see Table 1).

T 9® o =G

EXPLANATION OF PLATES
Plate 1

Fig. 1. — Corroded clinopyroxene in syntectic pyroxene andesite, crossed
nichols, X 57. . ‘

Fig. 2. — Large size late plagioclase, crystallized at “solidus” limit, plagioclasite-
(pyroxene-hornblende andesite), crossed nichols, x 29,3.
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Plate 1I
“Fig. 1. — Plagioclasite with large size crystals, formed at “solidus” limit on
limestone (restitic, included) — syntectic andesite with pyroxene and
hornblende, crossed nichols, x 70,7.
Fig. 2. — Enclaved limestone (oolitic, or spherolitically radially recrystallised)

ingerated in syntectic andesite, crossed nichols, x 60.

Plate III

Fig. 1. — Recrystallized limestone in syntectic andesite, with isotrop assimilation
rim ; one can see half-islands of calcite in plagioclase, as plagioclase
growth on calcite, crossed nichols x 58,7.

Zig. 2. — Volecanoclastic rocks (breceias), Haita Valley.
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Subvolcanic body. Andesite ; diorite; gramodiorite. Tectonic control. Metallo-
genetic control. Petrochemistry. Gold-silver mineralizations. Base metal min-
eralization. Copper mineralization. East Carpathians. New eruptive. Gutii Mts.

Abstract

The Subvolcaniec Body in the Mesteacdn Valley
Ilba-Maramures). Mineralogical, petrographic and petrochemical data
on the hypabyssal bodies from the Ilba zone — Maramures — are presented.
The relationships among regional tectonics, position of subvolcanic bodies and
spatial Iocation of mineralization are studied.

In zona de obirsie a vaii Mesteacinului, la nord de localitatea Ilba
(judetul Maramures), afloreazd intr-o fereastrd erozionald, depozite sedi-
mentare ale fundamentului pre-Badenian. El reprezintd unul din punc-
tele de maximi elevatie a fundamentului muntilor Ignis, constituind
totodatd un element de importantd majord in descifrarea structurii
subasmentului zonei vulcanice Oas-Gutii.

Rezultatele obtinute in urma prospectiunilor geologice efectuate in
aceastd zond (Paulini, Kovacs, 1974), au intuit legitura geneticd intre
mineralizatiile localizate In aceste depozite, boltirea si pozitia elevatd
a formatiunilor paleogene, precum si existenta unor corpuri subvulca-:
nice in profunzime, asociate unor fracturi majore de ordin regional cu
adinci implicatii in relatiile dintre diferitele unitdti structurale din
fundamentul zonei vulcanice Oas-Gutii (fig. 1).

! Depusid la 6 aprilie 1981, acceptati pentru comunicare i publicare la
10 aprilie 1981, comunicatd in sedinta din 16 aprilie 1981 organizatd la Baia Mare-
in colaborare cu IPEG ,Maramures“.
2 IPEG ,Maramures“, str. Victoriei nr. 146, Baia Mare.
8 ICPMMN, str. dr. Victor Babes nr. 64, Baia Mare.

-
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Masurdtorile geofizice reflecti aceastd structurd (Andrei et al,

1970, Popescu, 1980).
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Fig. 1. — Schita structurald a regiunii Baia Mare-Ilba.
1, fracturi majore; 2, grupuri de filoane,
Esquisse structurale de la région de Baia Mare-Ilba.
1, fractures majeures ; 2, groupes de filons.

)

Incadrarea zonei cercetate in structura regionali
si caracterizarea depozitelor sedimentare preneogene :

Depozitele sedimentare din fundamentul pre-Badenian au fost
considerate ca apartinind Eocenului superior-Auversianului (Pauci,
1952).

Edelstein, Chitimus (1969) le considerd paleocen-oligocene, pe baza
similitudinii litologice cu rocile cunoscute in Valea Romani-Firiza.

Borcos et al. (1976, 1980) aduc preciziri privind relatiile intre
tectonicd, structuri profunde si semnificatia lor metalogenetica.

Sandulescu (1980) atribuie formatiunilor paleogene din partea su-
‘dicd a ferestrei erozionale din valea Mesteacinului, virsta paleocen—
-eocend, paralelizindu-le cu stratele cu hieroglife din cadrul seriei de
Baia Mare (pinza de Bo'tlza) in timp ce depozitele din partea nordici le
compard pe baza afinitdtilor litologice cu stratele cu inocerami din ca-
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drul pinzei de Magura, opinind .pentru apartenenta lor la solzul de
Petrova.

In aceastd conceptle cele doud. unitdti structurale sint opuse una
.alte1a de-a lungul unui element ruptural major orientat WNW-ESE.

. Rezultatele lucrérilor de prospectiune si.explorare confirma exis-

nta a doua unitéti distincte din: punct ‘de wvedere litologic la nivelul
.LundD mentului pre-Badenian.

Astfel, forajele "din partea nonchca ‘au strabdtut un complex sedi-
‘mentar alcdtuit din depozite detritice cu structura in general psamitica,
'mai rar aleuritici-pelitica, alcituit din gresii calcarcase micacee (grau-
‘wacke si subgrauwacke), marne grezoase (pl. 11, fig. 1, 2), calcare gre-
zoase si aleurite de culoare oenusln i

In partea sudicd, la sud de fractura majord marcatd de apofize
andezitice in talvegul si versantii v&ii Mesteacinului, se dezvolti depo-

zite -sedimentare cu structura predominant pelitici-aleuriticd, conside-
rate ca apartinind pinzei de Botiza, care se dezvoltd la sud de falia
Bogdan Voda (Sandulescu, 1980)z : ,

Constitutia petrograficd a corpului subvulcanic

Corpul subvulcanic din valea Mestedcanului face parte dintr-un
-edificiu intrusiv compozit, alcdtuit din corpuri de dimensiuni mai mari,
localizate probabil mai in profunzime de-a lungul fracturii majore re-
gionale Bogdan Vod3, care in sectorul acesta al mumtilor Ignis are
orientarea generald WNW-ESE. El reprezinti probabil o pinzi (diver-
ticul) intrusad pe una din fracturile cu directia perpendiculard (NE-SW)
Ppe fractura majord si se tradeazd la suprafata prin apofize cu diametre
de 4-10 m.

Corpul subvulcanic, pitruns in depoziltele sedimentare paleogene,
:strabatut de forajul 103 se caracterizeazid printr-o neomogenitate struc-
turald si texturald pronuntatd si prin acumuliri de minerale ide primi
cristalizare (hornblend&, piroxeni etc.) care formeazd slire (pl. I, fig. 3).

Neomogenitatea petrografici se explicd prin venirile succesive de
magmi si diferentierea acesteia in conditii subvulcanice. Pulsatiile de
magma si regimul de racire inegal in conditii de labilitate mecanicd
continud au generat ‘texturi in glire.

Din punct de vedere petrograflc s-au determinat urmatoarele
tipuri de roci :

Andezit piroxenic in facies subvulcanic, care forimeazid apofize cu
«diametre de 4-10 m, are culoare negricicasd-verzuie, cu textura magiva,
slab brecioasi spre contact. Textura masei fundamentale este omogen-
fluidald, orientatd. Structura rocii este porfiricd, masa fundamentald
fiind pilotaxiticd, recristalizatd. ‘Aceastd rocd corespunde andezitului
Firoxenic rproplhblzat de faza a 2-a (o pyy; Sm) descris de Borcos et al.
{1969).

Componentii mineralogici ;pmnmpah ai rocii sint urmatorii :

— feldspati plagioclazi (20-35%, ; 0,1/0,01-2,5/1,0 mm) cu 20-40%,
An f(oligoclaz-andezin) transformat intens in sericit, calcit, minerale
argiloase si icuart (pl. IIE, fig. 2, 3) ;

9 — c. 239
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— piroxeni (5-15%, ; 0,01-0,9/1,2 mm) reprezentati prin hipersten
si augit intens transformati in clorit, sericit, carbonati -+ opacit ;

— magnetit, apatit, zircon (sporadic — 1%) apar sub formi de
granule neregulate.

Masa fundamentald a rocii este alcituiti din feldspat plagioclaz
in general transformat (30-64%), cuart sub forma de granule xeno-
morfe (10-25%), piroxeni transformati integral (5-14%), §manu‘le fine,
xenomorfe de magnetit (0-2%) si sticla devitrificata (0-20Y).

Ca minerale secundare se remarcid carbonatii, sericitul, icuartul,
cloritul, mineralele argiloase, muscovitul, opacitul etc.

Sub forma de rcuiburi si vinisoare de neoformatie apar : cuartul,
carbonatii, cloritul, adularul, zeolitii, mineralele argiloase, pirita etc.

Diorit porfiric cuartifer. Aceastd rocd consolidatid in facies sub-
efuziv, este de culoare cenusiu-verzuie, durd, icompactd, cu structura
porfiricd-pilotaxitics, intens recristalizatd si are textura masiva (pl. II,
fig. 4).

Componentii mineralogici principali ai rocii sint :

— feldspati plagioclazi (30-55%, ; 0,1-3,4 mm), cu 35-65% An
{andezin — labrador), transformati in albit, sericit, epidot, clorit si
hidromice ;

— piroxeni (0-20%, ; 0,35-4,00 mm) sub forma unor prisme scurte,
integral transformati in carbonati, epidot, clorit, uralit, leucoxen, rutil
si titanit ;

— cuart magmatic primar (0,5% ; 0,05-0,5 mm), corodat de solu-
tiile hidrotermale,

Masa fundamentald este constituitd din cuart (0-20%), albit
(30-65%), epidot (1-13%), sericit (5-15%), calcit (2-156%), clorit (2-20%)-
minerale argiloase (2-15%), hidromice (6-10%), minerale opace (spora-
dic — 89%) ete. {pl. T1I, fig. 4).

In masa acestei roci apar cuiburi si vinisoare subcentimetrice
divers orientate de : calcit - sericit -+ apatit &+ piritad ; rutil -+ leuco-
Xen &+ piritad ; calcit ; caleit + cuart + piritd -+ apatit ; calcit + clo-
rit 4+ cuart -+ apatit; zircon ; piritd ; albit -+ epidot + «calcit ; rutil ;
adular etc.

Pe linga aceste minerale s-a mai semnalat prezenta adularului si
biotitului.

In forajul 103 a fost stribatuti o varietate de diorit porfiric
cuartifer leucocratic, lipsitd complet de minerale melanocrate. Roca este
compactd, masiva, durd, de culoare alba. Structura rocii este porfi-
ricd — stearsad. Cristalele porfirice de ifeldspat se disting greu in masa
fundamenitald de asemenea albi, granulata.

Componentii mineralogici principali ai rocii sint :

— feldspatii plagioclazi (1,5-0,5 mm) cu 15-25%; An (oligoclaz) ;
tabulari, acumulati sub forma de agregate mai mult sau mai putin
compacte. Cristalele sint maclate, lipsite de zonalitate. Conturele cris-
talelor sint mai mult neregulate, dintate si se intrepatrund cu micro-
litele invecinate. Masa fundamentald este formatd in cea mai mare
parte din oligoclaz (13-20%, .An), care formeazi o masi de microlite
tabulare-xenomorfe, «cu structura holocristalind, ecu granulatia
0,07-0,02 mm, In pasti, apar cantitdti reduse de cuart fin, xenomorf,
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mai mult sub form& de cuiburi fine si mai putin dispers.

In unele portiuni roca este puternic impregnati cu minerale de
neorormatie, cum ar fi cuartul si subordonat calcita si pirita.

Granodioritul porfiric constituie partea centrald a corpului stri-
puns cu forajul 103,

Roca este compactd, durd, de culoare alb-cenusie, deosebindu-se
de dioritul porfiric cuartifer, in primul rind prin caracterul lor mai
leucocratic. Structura rocii este porfiricd, masa fundamentald holocrista-
1ind, iar textura este masiva (pl. IV, fig. 1, 2).

Componentii mineralogici ai rocii sint :

— feldspati plagioclazi (25-459%; ; 0,2-1,5 mm) sub forma unor
cristale tabulare, in intregime transformati in caleit, sericit si minerale
argiloase ;

— piroxenj (10-15%,; 0,1-1,5 mm) de form&i prismatici, trans-
formati de asemenea integral in «clorit, calcit si hidroxizi de fier ;

— cuartul (2,5%,; 0,3-0,5 mm) apare sub formi granulard ;

— zircon (sporadic ; 0,1-0,2 mm).

Masa fundamentald este constituitd din feldspati plagioclazi
{30-50% ; 0,05-0,07 mm) transformati in albit, sericit, calcit; piroxeni
{10-20%,) transformati in clorit, hidroxizi de fier, carbonati; cuart
{4-20%/, ; 0,05-0,5 mm) ; magnetit ; apatit; rutil-leucoxen (sporadic —
1%, ; 0,03-0,1 mm).

Dintre mineralele secundare remarcim prezenta urméatoarelor
minerale : albit, carbonati, clorit, minerale argiloase, sericit, piritd si
hidroxizi de fier.

Ca neominerale apar cuartul, carbonatii si pirita, sub formi de
cuiburi, vinisoare divers orientate in -urmétoarele asociafii paragene-
tice : calcit ; caleit -+ cuart ; caleit + rutil + leucoxen ; cuart - apatit.

Maleyev (1971) descrie corpuri subvulcanice ldin Ucraina Trans-
carpaticd cu o compozitie petrograficd si variatii faciale in «cadrul
corpurilor similare cu cele descrise de noi.

In Transcarpatia, Merlici si Spitkovskaia (1974) — prezintd deta-
liat acest complex hipoabisal, care se caracterizeazd prin intruziunj sta-
diale pe fracturi majore adinci. Intruziunile acestui complex s-au for-
mat in urma injectiei succesive a diferitelor produse ale unuj bazin
magmatic, Incepind cu gabbroudiabaze, prin diorite porfirice, diorite
porfirice cuartifere, granodiorite porfirice, iar in partea finald ajungind
la roci acide exotice (ce nu contin minerale melanocrate).

- Observatii petrochimice

Analizele chimice efectuate aduc elemente noi in caracterizarea
petrochimicd a corpurilor hipoabisale din perimetrul Ilba.

Aceste roci magmatice intruzive, cum rezultd din studiul micro-
scopic, prezintd un grad relativ avansat de transformare a componen-
tilor mineralogici. Astfel, neavind posibilitatea de a analiza chimic roci
proaspete, incercim a efectua o descriere preliminard privind caracte-
risticile petrochimice principale ale acestor roci.
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TABELUL 1

Compozifia chimicd a rocilor studiale

O

Nr. probei 1 2 3 4 5 6 7 8 9 10
Roca ande- | . orit | diorit | diorit | diorit | diorit [2527°7| qiorit | diorit | diorit |
zit diorit

e F.102/[F.103/ |F.103/ (F.103/ {F.103/ |F.103/ |F.103/ [F.103/|F.103/ |F.103/

m 338 [ 435 m 560 | m 576 | m 640 {m 583 | m 706 | m 732{ m 781 | m 844

Si0, 55,00] 65,50| 64,90] 66,00] 66,25| 63,95 64,10 65,80, 65,30/ 65,40
ALG, 16, 40| 18,08| 16,03] 15,00| 14,78 15,63] 15,35 18,80| 15,87| 16,21}
Fe,0, 5,27 0,31] 0,80 0,45 0,45 0,55 1,20 0.35| 1,43 0,61}
FeO 4,25 3,15] 3,00 3,00 3,00| 1,20 0,63} 3,15 2,45 1,50}
MnO 0,18 0,03 0,05 0,06/ 0,05\ 0,06 0,05] 0,05/ 0,05 0,05
MgO 2,25 2,20 0,10 2,60 1,40] 0,90] 1,80 1,75 1,40] 2,70}
Ca0 5,18] 2,10| 5,18 3,50 2,80 2,94| 2,52 2,98 3,66 2,80
Na,O 2,62, 3,39| 6,00] 6,00] 7,10] 8,16| 10,76| 4,24] 4,45| 6,14}
K,0 4,09 1,44] 0,48 0,84] 0,26/ 0,99 — 1,15 2,24/ 0,84)
Ti0, 0,70 0,42| 0,50/ 0,50{ 0,48/ 0,52 0,70{ 0,50 0,50 0,52}
P,0, 0,10] 0,14] 0,17, 0,20{ 0,19 0,19] 0,25 0,18 0,15 0,19}
CO, 1,29) 1,23 1,25 — 0,50 ©0,40] 0,80 — 0,50 1.2
20 - .10 0,19 0,10 0,38] 0.18] 0,45 0,15/ 0,05 0,1
3 bt — -— = — - - - _ o [
H,0+-105¢ 1,67 1,60] 1,60{ 1,65 2,00 2,00| 1,20} 1,30, 1,40 1,85
H,0—105¢ 0,21} 0,15] 0,25 0,15 0,30 0,60 0,15] 0,10, 0,10{ 0,15}
TOTAL : 99,21} 99, 88{100,03|100,05] 99,94/100,27] 99, 96/100,50| 99, 55(100, 31}

Prin simpla parcurgere a rezultatelor a 10 analize chimice (tab. 1),
se remancd existenta unui interval relativ restrins in care variazd con-
tinuturile in SiO,, intre 64,10-66,25%,, exceptie ficind andezitul piroxe-
nic in facies subvulcanic (55%, SiO,).

Continuturile in CaO sint in general sub valoarea de 5,18%, iar cele
de MgO se inscriu intre 0,10-2,70%,. Suma oxizilor de fier prezintd
valori maxime (9,52%) in cazul faciesului andezitic, iar la rocile dio-
ritice-granodioritice oscileazi intre 1,75-3,88%.

Din analizele efectuate se remarcd predominanta Na,O asupra KyO
(exceptie fiind andezitul in facies subvulcanic). Suma lor trece de 10%,
si se explicd prin compozitia chimicd a plagioclazilor. Continuturile
de NasO prezintd o crestere spre tipurile de roci leucocratice,

Calculul parametrilor Niggli ne permite sesizarea valorilor para-
metrului ,,si“ In intervalul cuprins intre 243 si 281 (fig. 2).

Parametrul ,,al“ variazd In limite restrinse, inregistrind wvalori
maxime in cazul unor epidotizdri, cloritizri si calcitizari puternice.

In cazul 1ui ,,alk remarcidm wvaloarea maximi de 39,61 in cazul
probelor cu un continut ridicat in albit. Se remarcd o sciddere vizibild
atlt a wvalorii lui ,,alk”, cit si a continutului in albit spre contactul din
culcusul corpului gubvulcanic.

Valoarea maximi a parametrului ,,c“ marcheazd momentul trecerii
la o albitizare pronuntatd a rocii. Se observd o descrestere in inten-
sitate a fenomenului de_calcitizare spre contactul din culcus al corpului
intruziv.



30+

204

10 4

7

CORPUL SUBVULCANIC DIN VALEA MESTEACANULUI (ILBA-MARAMURES) 133

@

170

210

220

20

240

250

260

270

si _ 2%C

Fig. 2. — Diagrama variatiei parametrilor Niggli. Numerele de probe corespund
numerelor din tabelul nr. 1.
Diagramme de variation des parameétres Niggli. I.es numéros des échantillons
correspondent aux numéros du Tableau 1.

TABELUL 2

Valorile paramelrilor Niggli

Nr. , "

pro- 1 2 3 4 5 6 7 8 9 10
bei *

si 175,21 [281,13 |265,74 (256,65 (279,11 |278,12 {243,42 |266,78 [269,05 /263,48
al 30,78 | 45,73 | 38,68 | 34,37 | 36,69 | 38,84 | 34,35 | 44,91 | 38,53 | 38,48
fm 35,12 | 26,56 | 13,52 | 26,34 | 20,96 | 11,84 | 15,77 | 22,49 | 21,64 | 23,28
c 17,68 9,650 | 22,72 | 14,58 { 12,63 | 13,28 | 10,25 | 12,94 | 16,15 | 12,08
alk 16,40 | 18,04 | 25,07 | 24,70 | 29,69 | 36,02 | 39,61 | 19,63 | 23,66 | 26,13
k 0,506 0,218{ 0,050! 0,084] 0,023 0,073} 0,000 0,151} 0,248 0,082
mg 0,304 0,529 0,045 0,572} 0,419/ 0,477 0,645} 0,470, 0,397 0,696
cffm 0,503 0,363} 1,680; 0,553] 0,602 1,121} 0,649{ 0,575 0,746] 0,519
ti 1,677 1,355} 1,539 1,462} 1,520{ 1,649 1,999 1,524 1,549 1,575
p 0,134 ,254f 0,294f 0,329] 0,338 0,339] 0,401 0,308} 0,261 0,324
w 0,527 0,081} 0,193 0,118 0,118 0,291} 0,631} 0,090{ 0,344] 0,267
Qz 9,60 [108,94 | 65,46 | 57,84 | 60,32 | 34,02 0,75 | 88,22 | 74,40 | 58,92
Q 38,045| 53,975) 47,431| 45,977| 46,219| 42,921| 35,496] 51,417| 48,613] 46,516
L 48,648| 30,209] 44,310| 42,414| 44,488| 49,328| 52,808| 35,501} 43,059| 44,194
M 18,306 15,814 8,258 11,608] 9,292/ 7,750] 11,695 13,080] 8,326, 9,289

* Numaéridtoarea probelor corespunde cu cea prezentatd in tabelul 1.
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Valorile parametrului ,,fm” sint in general inferioare celui inre-
gistrat in faciesul andezitului subvulcanic. In cazul rocilor dioritice se

Fig. 3. — Diagrama QLM pentru corpul sub-

vuleanic din valea Mesteacanului-Ilba (linie

punctatd). Numerele de probe corespund nu-
merelor din tabelul nr. 1.

1, vulcanitele neogene din Roménia (dupa Ra-
dulescu, 1961) ; 2, vulcanitele neogene din Car-
pati (dupid Karolus, 1965).
Diagramme QLM pour le corps subvolcanique
de la vallée de Mesteacin-Ilba (ligne ponctuée).
Les numéros des échantillons correspondent aux
numéros du Tableau 1.

1, wveclcanites néogénes de Roumanie (d’aprés
Ré&dulescu, 1961) ; 2, volcanites néogénes des
Carpathes (d’apres Karolus, 1965).

Fig. 4. — Diagrama QAP pentru corpul subvulcanic din valea Mes-
teacanului-Tlba (linie punctatd). Numerele de probe corespund numere-
lor din tabelul nr. 1.

1, magmatitele zonei subvulcanice din Carpatii Orientali (Peltz et al,
1971).

Diagramme QAP pour le conps subvolcanique de la vallée de Mestea-
can-Ilba (ligne ponctuée). Les numéros des échantillons correspondent

aux numéros du Tableau 1.
magmatites de la zone subvoleanique des Carpathes Orientales
(Peltz et al, 1971).

i

’

inregistreazd valoarea maxima ‘de‘422,7:2 a lui ,,fm“, ele fiind albitizate,
epidotizate si cloritizate.
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In triunghiul QLM (fig. 3), cimpul de variatie al rocilor cercetate
se plaseazd deasupra liniei PF, cu un grad avansat de saturare in silice,
cu exceptia a doud probe (granodiorit porfiric si andezit piroxenic
subvulcanic), care se situeazd sub aceastd linie. Toate probele analizate
se incadreazd in cimpul de variatie al vulcanitelor neogene din Roménia
(Peltz et al., 1971).

In diagrama QAP (fig. 4) dups Streckeisen (1976), majoritatea pro-
belor sint grupate in cimpurile corespunzatoare cuart-granitelor, cuart-
granodioritelor, granodioritelor si cuart-dioritelor, neincadrindu-se in
cimpul de variatii al vulcanitelor neogene din Carpatii Orientali (Peliz
et al., 1971) cu exceptia granodioritului porfiric.

In diagrama wclasificdrii rocilor eruptive dupd Streckeisen (fide
Rittmann, 1973), rocile studiate se plaseazd in cimpurile corespunzéiioare
cuart-latitelor (andezitul piroxenic subvulcanic), granodioritelor, trondhje-
mitelor si cuart-dioritelor (fig. 5).

X

0 10 35 65 2 160
60
45---—~-—-—---~--—-—————~—-: ————— b -
7) 3a 3b L )
Y .
2
» x x o :
Fig. 5. — Diagrama clasificarii ro- 6* 7 8 . 9__“ _1_41,
cilor corpului subvulcanic din va- Z :_‘6'_'“::_‘7“_'_'_‘_‘_1'.‘_’_‘_8 _________ P
lea Mesteacanului-Ilba (puncte ne-

gre), dupd Streckeisen (1976). ~10
Diagramme de la classification des
roches du corps subvolcanique de
la vallée de Mesteacian-Ilba (points
noirs), d’aprés Streckeisen (1976).

1 12 3 16

3 e

-60
-y 15a : 150

G0 homm e o]

-100

Diagrama al-fm (fig. 6) ilustreaza caracterul isofalic spre subfemic.
Majoritatea probelor se situeaza in triunghiul izofalic-semisalic-subfemic.
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‘In diagrama al-alk (fig. 7), majoritatea »probe.lorv se sproievcteazé
in cimpul rocilor intermediare si alcaline, cu tendintd generald spre
rocile alcaline.

Fig. 6. — Diagrama al-fm pentru corpul
subvulcanic din valea Mesteacinului-Iiba.
Numerele de probe corespund numerelor
din tabelul nr. 1.

1, magmatitele zonei subvulcanice din
Carpafii Orientali (Peltz et al, 1971).
Diagramme al-fm pour le corps subvol-
canique de la vallée de Mesteacdn-Ilba.
—1 Les numéros des échantillons correspon-
ol = dent aux numéros du Tableau 1.

Rl salic 1, magmatites de la zone subvolcanique
20 30 40 350 60 des Carpathes Orientales (Peltz et al,

=== 1971).

504 semifemic C patiRei

semisdlic

e D i
1)
=

Fig. 7. — Diagrama al-alk pentru corpul e &
subvulcanic din valea Mesteacinului-Ilba. ’ ’ 28
Numerele de probe corespund numerelor J
din tabelul nr. 1.
1, magmatitele zonei subvulcanice din
Carpatii Orientali (Peltz et al., 1971).
Dijagramme al-alk pour le corps subvol-
canique de la vallée de Mesteacdn-Ilba.
Les numéros des échantillons correspon-
dent aux numéros du Tableau 1. 1
1, magmatites de la zone subvolcanique =

des Carpathes Oz;;g;llbfles (Peltz et al, . 020 5 T

al —

2
"~ roct sarace
in alaalii

Consideratii privind relatiile dintre mineralizatii si corpul subvulcanic

Mineralizatiile din partea central-vestici a sectorului sudic al mun-
tilor Ignis se dezvoltd la nord si la sud de fractura majord cu caracter
regional, marcatd si geofizic si interpretatd ca aliniament tectono-
magmatic. Semnificatia misuratorilor geofizice este motivati de corpuri
intrusive hipoabisice nléntuite.

Perpendicular pe fractura principals, de-a lungul unor fracturi
penate, care se sprijind pe fractura principald, s-au intrus pind in ime-
diata apropiere de suprafatd, pinze si apofize de roci magmatice cu
compozitia inftermediard acidd in flancurile sau in prelungirile cérora
sint localizate filoane.

Cele doud sisteme ale fracturii, fractura majord cu directie NW-SE,
care spre E isi schimbi directia ping la E-W si fracturile penate cu
directia NE-SW, care spre E isi schimba directia pini la N-S, p#strin-
du-se perpendicularitatea intre cele dous sisteme, sint manrcate la supra-
fatd de filoane mineralizate preponderent cuprifer, respectiv auro-
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argentifer si polimetalic. Spre adincime aceste filoane sint insotite de
corpuri si apofize hipoabisice, .

Kalmér si Bilasa (1968) recunosc in perimetrul Ilba trei sisteme
de fracturi, datind ca cel mai vechi sistemul NW-SE, purtitor de mine-
ralizatii cuprifere, urmat de sistemul NE-SW cu mineralizatii polimeta-
lice si de sistemul N-S, far&4 importanti metalogenetici.

Filonul Mihai-Nepomue, cu directia NW-SE, localizat pe o fracturd
regionald este mineralizat predominant cuprifer. Spre adincime filonul
vine in contact cu apofize andezitice digitale, in apropierea cirora mine-
ralizatia devine mai concentratd, imbogitindu-se in cupru (Duma, Cos-
tache, 1962). ,

Este interesant de amintit in acest context procesul intcns de mag-
netitizare al rocii in jurul fracturii la orizontul -—50 (Duma, Setel,.
1961).

La mord de aceastd fracturd si perpendicular me ea se dervoltd
grupurile de filoane Firizan, Fata Mare — vest si Cupidon, cu direc-
tie NE-SW. Aceste mineralizatii sint preponderent aurc-argentifere si
polimetalice.

Filonul Firizan localizat pe o fracturi penatd, care se sprijini
pe fractura principald, este dispus in flancul unei pinze irtrusive ale
cirei apofize se cunosc din lucridri miniere si de foraj. In lucririle
miniere se descriu coloane si corpuri neregulate de andezit intrus, de
care este considerat a fi legatd genetic mineralizatia. Se mentioneazi
faptul cd mineralizatia in apropierea corpurilor de andezit se imbogi-
teste me fondul unei silicifieri pronuntate. In corpurile de andezit se
aminteste prezenta unor diaclaze mineralizate. In partea superioard
filonul are o texturd rubanati, linistitd, in timp ce in pirtile inferioare
aceasta devine brecioasd. Odatd cu apropierea de sursa, se mentioneazi
parageneze de Au-Cu, in forajele de cercetare executate.

Filonul Cupidon, are directie generald NE-SW si este localizat
in depozite sedimentare paleogene, pe o fracturd céreia probabil ii este
asociati de asemenea o pinzid intrusivd ale cirei hipofize au fost inter-
ceptate in foraje. In jurul fracturii s-au produs substitutii metasoma-
tice de blendd si galeni in cimentul carbonatic al gresiilor arcoziene
paleogene, din apexul corpului subvulcanic de care este legatd genetic.

Corpul subvulcanic din valea Mesteacinului, traversat de fora-
jul 103 a produs o aureold de transformdiri hidrotermale in comovlexul
sedimentar, marcatd prin cloritiziri, epidotizéri, carbonatiri si argilizari.
Activitatea hidrotermalid este insotitd de aparitia unor mineralizatii sub
form3 de cuiburi, impregnatii si vinisoare scurte de piritd, pirotina,
blendd. galend = calcopiritd - aur si argint nativ, in gangi de cuarf,
calcit si clorit.

Corpurile intruse in depozitele sedimentare paleogene din valea
Mesteacinului au produs o usoard brecifiere a rocilor din jur si cornei-
ficdri ce uneori ajung la 100 m grosime (forajul 102). Rocile sedimen-
tare marnoase slab argiloase sint transformate in sisturi micacee-cuar-
toase, desmosite, ccrneene constituite din benzi paralele alternative de
albit -+ clorit, minerale argiloase -+ albit -+ calcit; caleit + albit.

Se poate observa o zonalitate in corneificare a formatiunilor sedi-
mentare, pornind dinspre exterior spre contact : cregterea compactitdfii



140 P. PAULINI et al. 14

rocii ; rocile devin mai inchise la culoare, cu aspect rubanat datorat
alternantei culorilor cenusiu-alb cu verzui-cenusiu ; corneene cu rare
mineralizatii de piritd, pirotind, magnetit, blendd, galenid + calcopirité,
neimportante economic (pl. III, fig. 3, 4).

Rocile corneificate gennrat»e de metamorfismul de contact sint
impinzite de o retea de filonase subcentimetrice cu albit 4 epidot 4
cuart ; albit + clorit ; carbonati ; calcit + albit - pirita.

BIBLIOGRAFIE

Andrei J., Tonescu Fl., Ciucur E., Nedelcu I. C. (1970) Raport, arhiva IPEG , Mara-
mures“, Baia Mare.
Borcos M., Peltz S., Stanciu C., Gheorghitd 1., Lang B., Intorsureanu 1., Volanski E
(1969) Raport, arhiva IPEG | Maramures”, Baia Mare.
— Peltz S, Stan N., Gheorghitd I., Stanciu C., Fotopolos S., Sccolescu M. (1976)
Raport, arhiva IPEG , Maramures“, Bala Mare.
— Peltz S., Gheorghitd 1., Florescu R. (1980) Raport, arhiva IFEG , Maramures®,
Baia Mare.
Duma N. Setel M. (1961) Raport, arhiva IPEG s.Maramures“, Baia Mare.
— Costache C. (1962) Raport, arhiva IPEG ,Maramures“, Baia Mare.
Edelstein O., Chitimus V. (1969) Contributii la cunoasterea fundamentului sedi-
mentar al zonei eruptive intre Valea Itha si Valea Chiuzbaia (Baia Mare).
D. S. Com. Geol., LV/5 (1967-1988), p. 76-86, Bucuresti.
Kalmar 1., Bilaga E. (1968) Asupra sistemelor de fracturi in meoeruptivul din zona
Cicirlau (Baia Mare). D. S. Com. Geol., LV/2 (1966-1967), p. 105-114, Bucuresti.
Maleev E. F. (1971) Relations between extrusions and hypabyssal intrusions in
" volcano-plutonic series. Rev. Roum. Geol. Geophys. Geogr., Serig Geol,
15, 2, p. 148-155, Bucuresti.

Merlici B. V., Spitkovskaia D. M. (1974) Glubinie razlomi neoghenovii magmatizm
i orudenenie Zakarpatia. Problemi tektoniki i magmatizma glubinnih razlo-
mov, vol. 2, Livov.

Paucd M. (1952) Sedimentarul din regiunea eruptivd de la N si E de Baia Mare.
D. 8. Com. Geol., (1851-1952), p. 55-69, Bucuresti.

Paulini P, Kovacs P. P. (1974) Raport, arhiva IPEG , Maramures®, Baia Mare.

Peltz 8. Vasiliu C. Udrescu C. (1971) Petrologia magmasitelor zonei subvulcanice
neogene din Carpatii Orientali. An. Inst. geol. geofiz.,, XXXIX, p. 177-256,
Bucuresti.

Popescu A. (1880) Raport, arhiva IPEG , Maramures®“, Baia Mare.

Rittman A. (1973) Stable Mineral Assemblage of Igneous Rocks. Springer, Heidelberg.

Sandulescu M. (1980) Sur certains problémes de la corrélation des Carpathes
Orientales Roumaines avec les Carpathes Ucrainiennes. D. S. Inst., geol.
geofiz. LXV (1977-1978), p. 163-180, Bucuresti.

Streckeisen A. (1976) To each . plutonic rock its proper name. Earth — Science
Rev. le, p. 1-33, Amsterdam.



;

15 CORPUL SUBVULCANIC DIN VALEA MESTEACANULUI (ILBA-MARAMURES) 141

LE CORPS SUBVOLCANIQUE DE LA VALLEE DE MESTEACAN
(ILBA — MARAMURES)

(Résumé)

1

La présente note inclut des données minérilogiques, pétrographiques et
pétrochimiques sur “les corps hypabyssaux traversés pendant les investigations
éffectuées dans le périmeétre d’Ilba. :

Dans ces corps intrusifs on a délimité les pétrotypes suivants : andésites
pyroxéniques subvolcaniques, diorites porphyriques quartziféres et granodiorites
porphyriques.

On mentionne aussi les relations entre la tectonique régionale, la position
dss corps subvolcaniques et la localisation spatiale des minéralisations.

On considére que les corps hypabyssaux & composition intermédiaire-acide
52 situent le long des fractures pennées qui tendent NE-SO et s’appuient sur la
fracture majeure orientée NO-SE.

Des minéralisations d’or et argent aussi bien que polymétalliques sont contrd-
iées par les fractures orientées NE-SO et par les corps hypabyssaux.

On note également qua la fracture majeure qui tend NO-SE s’associent
des corps intrusifs & composition basique situés & grande profondeur qui contrdlent
des minéralisations surtout cupriferes.

EXPLICATION DES PLANCHES

Planche 1

Carte géologique de la zone d’llba (complétée d’apres Stan et al, 1977 et
Edelstein et al., 1978).
1, granodiorite porphyrique ; 2, diorite porphyrique quartzifere; 3, andé-
site pyroxénique d’Ilba; 4, andésite quartzifére de Piscuiatu; 5, dacite
de Sindileu; 6, andésite pyroxénique ; 7, andésite au hypersthéne et
augite de Seini; 8, complexe volcanoclastique rhyodacitique ; 9, complexe
volcano-sédimentaire badénien-sarmatien ; 10, Paléogéne ; 11, bréches vol-
caniques ; 12, agglomérats volcaniques ; 13, failles; 14, filons; 15, miné-
ralisations d’imprégnation ; 16, galeries ; 17, forages ; 18, coupe géologique.

Plan§a II

Tig. 1. — Esantion de gresii calcaroase micacee cenusii cu intercalatii subtiri de
mamne grezoase cenusii inchise, Se observd frecventa diaclazelor de calcit.
Echantillon de: grés calcaires micacés grisitres aux intercalations fines
de marnes gréseuses gris foncées, I1 faut noter la fréquence des diaclases
de calcite.
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Fig. 2. — Esantion de gresii calcarocase micacee cenusii cu secvente marnoase
negricioase, cu efecte disjunctive.
Echantillon de grés calcaires micacés grisdtres aux séquences marneuses
noiratres, aux effets disjonctifs.

Fig. 3. — Esantion de diorit porfiric cuartifer cu slirele de minerale melanocrate.
Se observa diaclazele transversale de cuart de neoformatie.
Echantillon de diorite porphyrique quartzifére aux schliers de minéraux
mélanocrates. Il faut noter les diaclases transversales de néoformation.

Fig. 4. — Esantion de diorit porfiric cuartifer cu pseudomorfoze de piritd, mar-
casitd dupa mineralele melanoccrate.
Echantillon de diorite porphyrique quartzifére aux pseudomorphoses de
pyrite, marcasite suivant les minéraux mélanocrates,

Plansa 1II
Fig. 1. — Gresie calcaroasa micacee, 65 x.
Grés calcaire micacé, 65 x.
Fig. 2. — Andezit cu augit. Cristalele de plagioclazi in nucleu sint sericitizati, 65 x.
Andésite 4 Taugite. Les cristaux de plagioclases du noyau cont séricitisés,
65 x.
Fig. 3. — Andezit cu hornblend& alterati. Se remarcd conturul hornblendei prirn

mineralele opace, 21 x.

Andésite & hornblende altérée. 11 faut noter le contour de la hornblende
a travers les minéraux opaques, 21 X. -

Fig. 4. — Diorit porfiric cuartifer. Cristalele de augit sint substituite de clorit st
epidot. Masa fundamentald este holocristalind. Se observa frecventa cris-
talelor de cuart.

Diorite porphyrique quartzifére. Les cristaux d’augite sont substitués par
chlorite et épidote. Pate holocristalline, I1 faut noter la fréquence des
cristaux de quartz.

Plansa IV
Fig. 1. — Granodiorit porfiric. Se remarcd cele doua generatii de minerale, 33 x.
Granodiorite porphyrique. Il faut noter les deux génératioms de miné-
raux, 33 x.
Fig. 2. — Granodiorit porfiric. Masa fundamentald este holocristaling, 126 x.

Granodiorite porphyrique. Pate holocristalline, 126 x.

Fig. 3. — Benzi de epidot in corneene, cu ‘pirirté, galend i blendd, 126 x.
Bandes d’épidote dans les cornéennes, & pyrite, galéne et blende, 126 x.

Fig. 4. — Pirita din benzile de epidot, prezintd incluziumi de pirotini, 126 x.
La pyrite des bandes d’épidote présente des inclusions de pyrrhotine, 126.x.
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

PETROLOGIA ROCILOR MAGMATICE

Working Group 3.4.: The Magmatism and the Metallogenesis
Associated to the Epoch of Molasse Formation

SYSTEMATIZATION OF NEOGENE VOLCANIC PRODUCTS
FROM THE SOUTH OF THE CALIMANI MOUNTAINS 1
BY
SERGIU PELTZ?

Volcanic rocks. Systematization, volcanic products. Paleovolcanology. Litho-
stratigraphy of eruptive formations. Malvensian-Pontian. Pliocene. Formations;
members ; units. East Carpathians. New eruptive, Cdlimani Mts,

Sommaire

La systématisation des produits volcanigues néo-
geénes dusud des monts Calimani. L’étude complexe détaillée
en corrélation avec la reconstruction paléovolcanologique et paléogéographique
offre une image nouvelle de la lithostratigraphie de laire volcanique située au
sud des monts Calimani. L’édifice des monts Calimani est constitué de deux
compartiments structuraux qui englobent les produits de Vactivité développée
durant les deux stades principaux (Malvensien supérieur-Pontien et Pliocéne) de
Vévolution volcanique. Les produits volcaniques des deux compartiments struc-
turaux ont été attribués & deux formations ; celles-ci représentent  le groupe de
Céalimani“. Au sud des monts Cilimani, seulement la formation du compartiment
inférieur présente une colonne lithologique compléte. Ainsi, en considérant des
critéres lithologiques, paléovolcanologiques et géographiques on a atiribué les
membres des deux formations & une unité lithologique inférieure (degré subor-
donné), cest-a-dire aux sous-groupes : Bistra-Ristolita (br) situé a I'ouest de la
région ; Ilva-Toplita (it) situé au centre de la région et Voivodeasa-Sarmas (vs)
situé a lest. Les formations du groupe de Célimani ont des correspondants litho-
logiques dans les aires volcaniques néogénes de Calimani~Harghita et Gutii (Car-
pathes Orientales). Les résultats satisfaisants obtenus jusqu’a présent démontrent
que l'étude unitaire de la lithostratigraphie des formations eruptives des Carpathes
Orientales contribue a la corrélation future des néovolcanites des Carpathes.

1. Introduction

The volcanic area from the south of the Cilimani Mountains
consists of massive eruptive rocks (lava flows, bodies) and wvolcano-

1vvf'apﬂer presented at the Meeting of the Working Group 34. on Septem-
ber 24 1980, at Deva and received in 1980.

2 Institutul de geologie si geofizicd, str. Caransebes nr. 1, Bucuresti, 32,
Romania.
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clastic rocks. In order to elucidate the geological structure of this
territory and the development of voicanic activity, one of the main
concerns of investigations carried out till now, has been the systema-
tization of volcanics. If mineralogically and chemically volcanics do
not differ much, being generally assigned to the andesites, then as
regards their facies, they are rather different. Having this latter aspect
in view, there have been established the criteria for : distinguishing,
between lavas and bodies ; assigning the lavas to different eruption.
centres ; assigning the bodies to different deposition types.

The systematization of wvolcanoclastic 'deposits according to their
classification, facies and affiliation to certain volcanic structures proved.
to be more difficult, Thus, systematization was achieved by paleo-
volcanological investigations, domain in which satisfactory results have
been obtained so far, but most of the research work remains for the:
future. This is due to the fact that a correct reconstitution of volcanism.
evolution is based on the solving up of those problems connected with
the detailed and complex analysis of volcanoclastics facies in view of
correlating them, as well as of the correlation with other rock facies:
in the region. Otherwise, this problem is not limited to the south of
the Cidlimani Mountains, it envisages the entire neovolcanic area of the
East Carpathians.

In the Célimani-Gurghiu-Harghita Mountains, the pyroclastics
cover the largest areas. Although their important role in the volcanic
manifestations has been recognized for a long time now, they have been.
less studied than massive volcanics.

If one has in view the region from the south of the Cilimani
Mountains, one may consider that the first systematic and complex
investigations of volcanoclastics have been carried out by Peltz and.
Peltz between 1962-1963. The results have been published in 1969.
Having in view the systematic study of granulometry, angularity and
composition of component fragments of pyroclastics and epiclastics, the
rock types have been characterized, their areal distribution and finally-
the constitution of volcanoclastic formations have been established. In:
connection with the facies definition, complexes of volcanoclastic rocks:
have been distinguished, and within them the pyroclastic rocks have
been delimited from the epiclastic ones.

During the recent years, the author has proceeded at a new
analysis of accumulated data in order to achieve a unitary systema-
tization of volcanoclastics and implicitely to contribute to deciphering
the geological structure.

2. Nomenclature and classification of volcanociastics

The nomenclature and classification of volcanoclastics is based on
the most recent viewpoints adopted by the IUGS Subcommission for the
classification of pyroclastic rocks, 19756—1979. In accordance with
these, the author no longer uses the term agglomerate (still
frequently used in our geological literature), as the component frag-
ments of pyroclastics are blocks and not bombs. At the same time,
special attention is paild to the correct assignment of clastic rocks tos
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pyroclastic and endogenous ones. The delimitation of mixed volcanic
rocks is also had in view on the one hand and on the other, the
separation of the former from the sedimentary rocks with volcanic
supply (Table).

TABLE

Nomenclature and Classification of Volcanoclastie Deposits and Fragments from the Caliman-
Mountains (Southern Parl)

Pvroclastics Epiclastics
Composition Heterogeneous vol-
H ~
Cl‘ast and form of omogernoel;)rlllg anular canic 4 nonvolcanic Heterogeneous and
S1Z€ | fragments g (< 50 %) rounded
(mm)
ce- . .
ment pyroclastic epiclastic
|
pyroclastic deposit mixed pyroclastic epiclastic deposit
pyroclast ideposit
tephra pyroclastic rock epiclastic rock
>100 block pyroclastic [mixed pyroclastic |volcanic conglome- |
block tephra breccia breccia rate
100—{
32 é pyroclastic |mixed pyroclastic |volcanic
K microbreccia Imicrobreccia microcongloinerate
<9
5 " : .
32—4| £ |lapilli lapiili lapilli tuff |mixed lapilli tuff
72 tephra 2
4—1 coarse ash coarse tuff |mixed coarse tuif volcanic sandstone
ash grain 3
1— fine ash fine tuff mixed fine volcanic siltstone
0,25
tuff
<0,25 dust dust dust tuff volcanic mudstone
particle

The classification is based on the petrographic composition of rock
fragments, the composition and nature of binder. At these criteria, there
add : the fragment dimension ; the subaerial or subaquatic facies; the
nature of fragments; the supply of nonvolcanic material. The facies
has been established on the basis of the deposition background as well
as of the conditions in which explosion, transport and deposition did
occur.

The pyroclastics of this region are deposited on a subaerial and -
subaquatic background, far from the eruption centre. In this case, it had.
been normal that an advanced sorting of fragments be prevalent ; how--
ever, at certain levels one encounters coarse pyroclastics with sub-
angular fragments chaotically displayed (characteristic for the deposits:

10 - c. 239
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emplaced in the neighbourhood of eruption centres). Thus, we should
mention that as regards the ratio between the sorting of material and
the distance to the eruption centre, there are no fixed boundaries.
The latter are determined by the complicated mechanism of eruptions.

Definition of denominations used,

Pyroclasts are the individual particles such as crystals, crystal
fragments, glass or rock fragments ejected during explosions, The result
of ejection is a pyroclast which underwent aerial transportation before
its deposition.

Pyroclastic rocks are represented by consolidated or unconsolidated
pyroclast accumulations. The unconsolidated pyroclastic deposit is called
‘.’.tephra”'

A block is a pyroclast with a diameter of 32 mm, with angular
and subangular shape, which underwent ejection while in solid state.
Lapillis are pyroclasts with a diameter between 32-4 mm.

Ash is an unconsolidated pyroclast aggregate with a diameter
smaller than 4 mm.

Pyroclastic breccia is a consolidated block aggregate.

A tuff is a consolidated pyroclast aggregate with the diameter
smaller than 32 mm.

Epiclasts are the individual particles such as crystals, crystal
fragments, glass or rock fragments released from pre-existent volcanics
by erosion and transported from their origin place by air or water.

Epiclastic rocks are represented by consolidated or nonconsolidated
epiclast aggregate.

Mixed epiclastic breccia, mixed tuff and mixed epiclastic rock
contain besides fragments of volcanic rocks non-volcanic fragments up
to 50%, as well.

The coarse epiclastics are represented in this case by andesitic
conglomerates and microconglomerates ; the less coarse ones are the
andesitic sands and sandstones respectively ; the finest ones are the
andesitic siltites.

The mixed rocks whose non-volcanic material represents 25-75%,
are denominated as follows : tuffaceous conglomerate, tuffaceous sand-
stone, tuffaceous siltstone, tuffaceous mudstone, all of them being of
andesitic nature in this region.

The wcollective term of volcanoclastite is used for pyroclastic and
epiclastic rocks on the whole in case we cannot distinguish between
pyroclastics and epiclastics.

The assemblage of pyroclastic rocks (subordinately associated
with lavas and eruptive bodies), epiclastic rocks and sedimentary rocks
represents the volcano-sedimentary formation. Lithologically, the vol-
cano-sedimentary formation from the south of the Cilimani Mountains
differs from the Neogene volcano-sedimentary formations from the Me-
taliferi and Oas-Gutii Mountains. The main difference consists in the
presence of sedimentary rocks only at the lower part of the formation.
It results that the volcano-sedimentary lithogenesis in the Céalimani-
Gurghiu-Harghita volcanic area implies the recognition of the alter-
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nation or interpenetration of volcanic products (pyroclastics and epi-
clastics) and subordinately the alternation of volcanoclastics with sedi-
mentary deposits.

3. Lithostratigraphy of voleanic formations

According to classification-nomenclature principles, in the vol--
canic area from the south of the Cilimani a number of volcanoclastic.
rock complexes has been delimited, their distinctive feature being the-
petrotype of component fragments. The complexes include either pyro-
clastic rocks or pyroclastic and epiclastic ones. The lithological assem-
blage consisting of volcanoclastic annd massive voleanic rocks represents .
the basic lithological unit of the Southern Cilimani Mountains voleanic -
area.

Following previous systematizations, the C3limani-Gurghiu-Har-
ghita volcanic chain is considered to consist of two structural compart--
ments. These compartments are being characterized by a different litho-
logy, cover different parts of the volcanic edifice structure and have-
a different evolution and age.

The first systematization of this kind has been elaborated for the-
Gurghiu Mountains by Ré&dulescu et al. (1964). Later on, the inves-
tigations have confirmed the presence of the two compartments all
over the Calimani-Harghita area ; the lower, volcano-sedimentary com-
partment and the upper, stratovolcanic compartment.

The south of the Calimani Mountains is characterized by the-
presence on a large area of the lower compartment formation. Accord-
ing to lithological criteria, this formation was divided into three series
Peltz and Peltz, 1969, call them levels ; then, Peltz calls them series
in the geological reports by Peltz et al, 1972, Peltz fide Radulescu et
al.,, 1973). Thus, the lower series includes the products of the first
volcanic manifestations in this region. The deposits in the basis alter-
nate and interfinger with the Upper Malvensian (Pannonian, zone E)
terrigenous deposits. This series is 30-100 m thick. The intermediary
series has a complex lithology, consisting of pyroclastic and epiclastic
rocks, bedies and lavas ; terrigenous rocks are absent. The deposits of
this series are about 250—400 m thick. The upper series consists
mainly of wcoarse pyroclastics ; epiclastics are absent. The series is
200-400 m thick.

In the last yvears, the author’s investigations envisaged a new
analysis of data regarding : a) the lithology of different volcanoclastic
rock complexes; b) their position in the lithological column of the
two compartment formations; ¢) the areal distribution; d) the cor-
relation with the eruption centres; ) the correlation among different
sections of this region, as well as between them and the neighbouring-
volcanic areas. It was obtained a new image of the lithological column
of volecanic formations, especially of the lower compartment formation
which covers almost 709, of the territory.

As the lithology of formations differs all over the region, three
subgroups have been delimited : subgroup A in the western zone
Bistra-Réstolita (br) ; subgroup B in the central zone Ilva-Toplita (it) ;-
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subgroup C in the eastern zone Voivodeasa-Sarmas (vs). Each subgroup
consists of two formations : a) the lower compartment formation (vol-
cano-sedimentary) which covers a whole lithological column in the
southern Céilimani Mountains ; b) the upper compartment formation
which covers only partially the southern area of the Cilimani Mountains.

Within the formations, 1-3 members are distinguished. The litho-
logical columns of the three subgroups (Fig. 1) illustrate the way in
which the idifferent volcanoclastic complexes take part in the constitu-
tion of the formations belonging to the two compartments, The litho-
stratigraphic systematization of volcanic formations presented above,
agrees with the recommendations regarding the stratigraphic clas-
sification and the terminology of lithostratigraphic units, elaborated
by the International Subcommission on Stratigraphic Classification
(H. D. Hedberg, 1970, ISSC, 1974). .

According to these principles, at the level of the southern area
of the Cidlimani Mountains no groups can be delimited. This is deter-
mined by the fact that the upper compartment lithology of the low
rank unit — the formation — is not complete. We consider that on the
Cilimani Mountains regional scale the lower compartment formation
together with the upper compartment one forms the “Cilimani group”.

4. Characterization of lithostratigraphic units

Subgroup A Bistra-Rastolita (br)
Lower compartment formation

The first member includes two volcanic rock complexes.

The lower complex (bry), 40-150 m thick, consists of epiclastics
and pyroclastics whose fragments are of pyroxene andesite and pyro-
xene-hornblende andesite composition. At the lower part of the column,
the volcanoclastic deposits interfinger with the Upper Malvensian sedi-

Fig. 1. — Lithological coclumns in the southern part of the Calimani Mountains.
1, Pontian (clays, sands)); 2, Pannonian (marly clays, clays, sands, gravels);
3, Pannonian-Upper Miocene (marls, sandstones, microconglomerates) ; 4, Volhy-
nian-Bessarabian (clays, marls, sandy sandstone, conglomerates) ; 5, Lower Miocene
(distal, schistose, gritty flysch); 6, Verndian-Cambrian-Upper Precambrian (crys- -
talline schists of the Tulghes-+Rebna series); volcanoclastic rocks complexes :
7, with apy fragments; 8, apy-tapyam- fragments; 9, with apy+@3 fragments;
10, with apy fragments; 11, with oam -4 apyam fragments; 12, with
apy-+opyam fragments ; 13, with aam fragments ; 14, volcanoclastic rocks complex
from intravolcanic basins (apy--opyam-toam) ; 15, basaltic andesites from upper
compartment formation ; 16, pyroxene andesites from upper compartment forma-
tion ; 17, pyroxene-hornblende andesites from upper compartment formation ;
18, biotite-hornblende--quartz andesite from upper compartment formation ; 19,
basaltic andesite ; 20, pyroxene andesite; 21, pyroxene-hormblende andesite; 22,
hornblende-pyroxene andesite, porphyry microdiorite; 23, hornblende andesite;
24, quartz andesite ; 25, phenocandesite ; 26, dacite. i

Note : The scale of lithological columns is of 1 :10,000, given the sketched maximum
thickness.
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mentary deposits. The volcanics of this complex crop out on restraint
areas in the south-western part of the region (Fig. 2).

The upper complex (brs) is 50-150 m thick and consists of pyro-
clastics with hornblende andesite fragments ; coarse pyroclastics are
prevailing. The products of this complex crop out in the Lunca Bra-
dului region (Fig. 2).

As for the subgroup Bistra-Rastolita, the present knowledge on
the lithology of volcanoclastic rock formation are poorer than those
regarding other parts from the south Cilimani Mountains. That is why,
it was difficult to distinguish between members and formations, while
the representation on the lithological column is preliminary. Conse-
quently, the two rock complexes delimited at the median and upper
part of the lower compartment formation could be assigned each to
a member.

As far as the second member (brg) is concerned, it consists of a
volcanoclastic complex with pyroxene andesite fragments; lavas with
metric thicknesses intercalate at different levels. The thickness of the
deposits reaches 106—250 m. The volcanics lie over a large area to the
south, in the neighbourhood of Réstolita and Lunca Bradului localities.

At the present state of knowledge, we consider that the third
member (br;) includes a coarse pyroclastic complex and mixed pyro-
clastic breccias, coarse and fine epiclastics with pyroxene andesite and
nyroxene-hornblende andesite fragments, inclusively. The deposits are
between 100-450 m thick. The volcanoclastics cover an important area
in the south-west of the Calimani Mountains (Fig. 2). The basal part
of the deposits included in this lithological unit comes directly into
contact with the Pannonian sedimentary deposits of the Transylvania
Depression and with the terms of members I and II (br;, brg) as well.
The lithology of member brs; is less known as compared to the other
members of the west subgroup formation. The pyroclastics containing
pyroxene andesite and pyroxene-hornblende andesite fragments assigned
to units bry and br; interfinger locally with the pyro-epiclastic rock
complex from the Andreneasa and Lunca Bradului intravolcanic basins.

Upper compartment formation
Member Is (brs). In the Bistra-Rastolita region, large areas are
“covered by pyroclastics and lavas originating in volcanoes lying to the

north of the Calimani Mountains, Thus they belong to the second stage
(Pliocene) of Neogene velcanism, when the upper compartment was
built up.

This lithological unit consists of pyroclastic breccias with pyroxene
andesite fragments, lava flows (pyroxene andesites 4 basaltic andesites),
andesitic bodies with @ similar petrographic constitution as lavas. The
brs deposits are 300-500 m thick.

Subgroup B (it) Ilva-Toplita

Lower compartment formation

The first member (it;) consists of a coarse and fine pyroclastic
complex with fragments of hornblende andesite, flows and bodies of
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hornblende andesite, hornblende-pyroxene andesite, quartz andesite.
This unit is 50-120 m thick. Its volcanic products crop out on restraint
areas in the north-eastern part (Fig. 2). Recent drillings point to
relationships between ity volcanics and the deposits of the sedimentary
pre-volcanic basement (Upper Miocene-Pannonian).

The second member consists of two wvolcanic complexes.

The lower complex (ity) is 100-400 m thick and contains coarse
and fine grained pyroclastics with fragments of hornblende and horn-
blende-pyroxene andesite. In the pyroclastic pile there intercalate lavas
(hornblende andesite, pyroxene-hornblende andesite); hornblende an-
desite bodies are also present. The products of ity complex cover a wide
area in the central-eastern part of the region, between the rivers Mures
to the south and Lomas to the north (Fig. 2). The upper complex (its)
represents the equivalent of the “Zebrac-Singu pyroclastics” (Peltz,
1969). This complex includes pyroclastics with fragments of pyroxene
andesite, lavas and bodies of pyroxene andesite. The deposits are
100-400 m thick, The wvolcanic products of its lithological unit cover
the central part which is crossed by the Zebrac and Mermezeu valleys
(Fig. 2). The ity pyroclastics occur in relationship with Miocene sedi-
mentary deposits of the Zebrac basin as well as with ity complex
deposits. The third member (it;) is represented by a complex consisting
of volcanoclastic rocks, pyroxenic and basaltic andesite flows, amounting
to a remarkable thickness of 200-800 m.

The lithology of the it; deposits is less known as compared to the
other complexes of the Ilva-Toplita group. The characteristic feature
of these deposits is given by their petrographic nature, the fragments
consisting of pyroxenic and basaltic andesites. The volcanics of mem-
ber it; cover almost 90%, of the reception basin of the Ilva valley in
the central part of the region (Fig. 2).

The pyroclastics of complex ity represent the basement of the
Toplita intravolcanic basin ; these pyroclastics together with some of
complex it; and those of complex it; take part in the pyro-epiclastic
deposits which represent the filling material from this basin.

Upper compartment formation

Member Is (its). The northern extremity of the Ilva-Toplita region
is overlain by lavas and pyroclastics with pyroxene andesite fragments.
These wvolcanics originating in volcanoes lying to the north of the
Cialiman caldera entered the lithostratigraphic unit of member Is. The
deposits are 40-100 m thick, Besides the pyroxene andesites and their
pyroclastics, the pyroxene-hornblende andesites in the Lomas area and
the hornblende~biotite-quartz andesites in the Drigus area do add.

Subgroup C (vs) Voivodeasa-Sarmas

Lower compartment formation

Member III (vs)). The western part of this region (west of the
Lomas valley) consists of a volcanic rock complex, mainly volcano-
clastic. Lithologically, one notices the obvious resemblance with mem-
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ber IIT of subgroup B. The deposits are 200-700 m thick. It is worth
mentioning the correlation between the deposits of member III of both
subgroups, not only from lithological point of view but also of spatial
position in the lithological column‘of lower compartment formation.

The age of the deposits belonging to member III in the Voivo-
deasa-Sirmas zone is determined’ by their relationships with the Pontian
{Dacian ?) sedimentary deposits from the Bilbor basin. These deposits
crop out in the basal part of volcanoclastics, inside the volcanlc area
{on the Crest&tura and Secu brooks).

Upper compartment formation

Member Is (vsy -} vsg). The lithology of this complex is more
varied and led to distinguishing two complexes.

The lower complex (Vsy) contains pyroclastic breccias with pyro-
xene andesite and pyroxene-hornblende andesite fragments. Andesite
lavas and bodies do associate. The volcanoclastics of this complex have
been assigned to a lithostratigraphic unit, superior to member vs;. This
was achieved according to superposition relationships against pyroclastic
breccias with pyroxenic and basaltic andesite fragments encountered
in the south-eastern extremity (Hurdugas hill, Cirutas brook). The com-
plex is 100-250 m thick. i

The upper complex (vs3) includes pyroclastic breccias with pyro-
xene andesite fragments, pyroxene andesite lavas and subordinately
basaltic andesite lavas; the deposits thickness is only of 20-50 m. As
far as the lithology and the spatial emplacement are concerned, the
products are perfectly correlable with those of complexes of members
Is, its and Is, brs. ’

The volcanics of subgroup “vs” lie in the north-eastern extremity
of the south Cilimani Mountains in the region between the Voivodeasa
valley and the eastern border of the eruptive massif (Fig. 2).

The study of the lithological columns of the three subgroups
(Fig. 1), as well as the map containing the emplacement of lithological
units (Fig. 2), points to the good correlation of volcanic rock complexes
all over the south Cédlimani Mountains. The emplacement of velcanic
complexes at different levels of the lithological column was achieved
according to the spatial position. The age determinations had in view
the few data offered by the relationships with the sedimentary deposits:
lying on the eruptive border or inside the volcanic area.

5. Volcanic units

The synthesis of present-day knowledge of the volcanic area
lithology connected with its volcanology and tectonics, brought about
the delimitation of volcanic units ; these are being characterized by a
proper manifestation mode of eruptive processes.

Within the south Cilimani Mountains, one distinguishes five vol-
canic units belonging to the lower compartment and two units of the
upper compartment ; these units cover the neighbouring geographic
regions, as well, that is the north Cilimani Mountains and the north
Gurghiu Mountains.
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Lower compartment

(1) Budacu-Bistra-Réastolita represents a volcanic unit
covering an important area from the south of the Cilimani Mountains
and including the volcanics of subgroup “A”. Volcanoclastics are
dominant, and among them the pyroclastic breccias. The products from
this unit are considered to be characteristic for a mainly explosive
andesitic volcanism.

(2) Ilisoara is the second voleanic unit from the south Célimani
Mountains (Fig. 2). The assignment to the lower compartment of all
the volcanic products of this unit is a problem to be solved in the
future. The Ilisoara volcanic unit includes volcanoclastics, lavas and
bodies of member III, subgroup Ilva-Toplita. On the whole, the products
are characteristic for a mainly explosive, andesite basaltic mixed
volcanism.

3) Zebrac-Caliminel unit lies in the central part of the
south Célimani Mountains presenting the most complex activity. It is
also the unit which contains the most varied facies of volcanics. The
tectonics of the pre-volcanic basement and of the volcanic area is
more complicated as compared to the other volcanic units.

(4) Hurdugas-Sidrmas is the easternmost unit of the vol-
canic massif (Fig. 2), exhibiting some volcanological, structural and
lithological similarities with the Ilisoara volcanic unit. Volcanism seems
to have been more differentiated in the Hurdugas-Sirmas region : this
is proved by the presence of dacitic, andesitic and andesite basaltic
products.

() Toplita, a volcanic unit less extended than the other ones,
covers the area of the intravolcanic basin containing typical volcano-
sedimentary deposits. They present a peculiar lithogenesis, accumulating
during quiet periods of volcanic activity within Zebrac-Caliménel and
Hurdugas-Sarmas units. The lithology of this volcanic unit is rather
well known ; the epiclastic deposits wcan be used as terms of com-
parison, as well as reference ones for other volcanic areas in the
Calimani-Harghita Mountains.

Upper compartment

The products of the upper stratovolcanic compartment have been
assigned to the Moldovanu-Bistricior and Lomas-Voivodeasa volcanic
units. The two units have been delimited according to volcanological
criteria having in view : a) the origin of the products from the Moldo-
vanu-Bistricior unit in the Bistricior, Strunior, Moldovanu group of
volcanoes ; b) the origin of the Lomas-Voivodeasa unit products in
volcanoes of the Cédliman caldera only. The products of the two units
are of andesitic nature, pyroxene andesites being predominant. These
two volcanic units extend over the northern area of the Cilimani
Mountains.

6. Remarks on the use of quantitative data

In order to establish the basic lithological units — complex and
member — and the volcanic units also, we used statistic methods re-
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garding the granulometry, the angularity and the petrographic com-
position of volcanoclastic rock fragments. This has been first used by
Peltz and Peltz (1969) for the study of Romamian pyroclastics. In the
field, the quantitative frequency/m? of fragments (blocks, lapillis) has
been established. Maximum dimensions, shape, petrographic composition,
which are variables reworked statistically, were had in view.

Each outcrop contained one or more prelevation points (at least
50 measurements for each). After selection, the variables have been
assigned to classes. There have been calculated the central values X
(the mean), M (the median), Mo (the module) and the dispersion index o
(the standard deviation considered as selection coefficient as well),
E, (absolute deviation), Rgs (the 98Y%), interval), Cv (the variation coef-
ficient) as well as the shape, fndex « p (Pearson asymmetry), Bz
(maximal amplitude, Kurtosis-Rosfelder).

Different pyroclastic rock types have been established on the basis
of statistic parameters and then they were grouped into complexes.
For example, although the br; complex from the first member of the
lower wcompartment, subgroup “A” (Fig. 1) contains outcrops (prele-
vation points) spread all over a wide area (Fig. 2), it has the follow-
ing variables (parameters) with common values : X=40.78-64.11 mm;
M=29.85-55.21 mm ; Mo==16-42.22 mm ; all these point to the largely
developed binder abunding in small fragments. ¢*=0.38-0.70 £ showing
a reduced dispersion of fragments ; ixp between -0.47 and 0.64 & points
to a reduced sorting of lapilli population. Among the petrographically
heterogeneous fragments, the pyroxene-hornblende andesite ones are
predominant ; morphometry of fragments: 19.5", angular, 73.3"%, sub-
angular, 77.2%, subrounded.

According to these data, the pyroclastics enter the category of
pyroclastic breccias with largely developed tuffo-lapillic binder. The
pyroclastics are also characteristic for the facies developed at a medium
distance from the explosion centre, being well sorted and emplaced at
5-10 km against the isclines of maximal diameter of fragments (class
4046-8200 mm).

7. Conclusions

The detailed and complex lithological study correlated with paleo-
volcanological and paleogeographic reconstruction offered a new image
of the lithostratigraphy of the volcanic area from the south Calimani
Mountains. The Calimani Mountains edifice consists of two formations
which include the products of the activity which took place during
two main stages (sub-cycles ?) in the volcanic evolution.

The basic lithological unit (the smallest one) is represented by
the complex made up of volcanoclastics and massive volcanics (lavas,
bodies) of andesitic and subordinately andesite basaltic and dacitic
nature, The complexes take part in the constitution of the members of
the two formations.

On the south Cilimani Mountains, the upper compartment for-
mation does not present a complete lithological column ; thus, the mem-
bers of the two formations have been assigned to a low lithological
unit, namely to three subgroups, according to lithological, paleovolcano-
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logical and geographic criteria : subgroup “A” Bistra-Rastolita (br) em-
placed to the west of the region ; subgroup “B” Ilva-Toplita (it) lying
in the central part of the region ; subgroup “C” Voivodeasa-Sarmas (vs)
covering the eastern part of the region.

All over the Célimani Mountains the two formations have a
complete lithological column and constitute the “Célimani group”.

The formations belonging to the Calimani group have their litho-
logical correspondents all over the Cilimani-Harghita volcanic chain,
with a regional extent of members. Especially, as far as volcanoclastic
complexes are concerned there are correspondencies among the mem-
bers of the two formations of the Calimani group and the lithological
units on the territory of the Oas-Gutii neovolcanic area ; such as for
example, between the Pliocene andesitic volcanoclastic complexes “brs
and “vsy”’ (Calimani Mountains) and those from the Negresti-Sapinta,
Firiza-Blidari-Mara regions (the north of the Gutii Mountains). The
satisfactory results obtained till now, have shown that the litho-
stratigraphy of East Carpathian eruptive formations based on wunitary
principles will contribute to the future correlation of Carpathian neo-
volcanics.

The systematization of eruptive formations from the south Cali-
mani Mountains has also led to delimiting the typical volcanic units
which point to the proper manifestation mode of regional and local
volcanism. Thus, we achieved a better correlation and a better deli-
mitation of geo-economic prospect areas.
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Sommaire

Les traits pétrologiques et géochimiques des vol-
cahites d’are insulaire jurassigue supérieures de la
région Almas Sdliste-Godinesti-Zam (Zone de Mures).
Les volcanites d’arc insulaire jurassique supérieures de la région Almas Saliste-
Godinesti-Zam reposent sur un soubassement jurassique-préoxfordien constitué
d’un complexe de basaltes de fond océaniques qui appartient & une série ophio-
litigue. Les volcanites sont représentées par des pyroclastites, en alternance avec
des coulées de laves basaltiques, andésitiques et de roches acides bien qu’avec
des argillites rouges et jaspes; celles-ci sent surmontées par les calcaires de
Stramberg. Le magma qui a généré les roches a été un magma basaltique calco-
alcalin, dont la différentiation a suivi la ligne classique basalte-andésite-dacite-
rhyolite, accompagnée par une ligne collatérale — alcaline. Le magma basaltiqgue
s’est formé dans des conditions de subduction bilatérale. Le volcanisme généré par
celui-ci s’est developpé dans la zone située au bord des plagues actives, générant
ainsi deux arcs insulaires dans la zone de Mures. Selon les traits géochimiques,
on attribue ces roches-la aux volcanites d’arc insulaire. Elles sont tout a fait
-différentes des basaltes de fond océanique, ainsi que les ophiolites qu’elles sur-
montent. Les processus métallogénétiques associés a ce type de volcanisme calco-
alcalin sont peu intenses et consistent en impregnations de sulfures dans les
zones d’altération hydrométasomatique. =

! Received on November 19, 1980, accepted for publication on December 17,
1980, presented in the session of March 27, 1981,
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Intreduction

The Jurassic-post-Oxfordian volcanics from the Mures Zone have
been recently proved to belong to a pre-orogen or submarine island
arc magmatism, differing wholly from pre-Oxfordian ophiolitic rocks
(Savu et al, 1978 ; Savu, 1980 a, b). Carrying on our complex studies
on the igneous rocks from the Mures Zone, in 1979 we investigated
the Upper Jurassic rocks occurring in the south-western extremity of
the Metaliferi Mts (Pl. I), that is in the localities of Almas Siliste,
Paroasa, Ghielani, Braseu, Dénulesti, Carmazinesti, Tadmadsesti and Zam
(Savu et al.. 1980 ¢) .

This region stands out by a complete sequence of island arc
volcanics from the Mures Zone, which is characteristic of all pre-orogen
or submarine island arc volcanics of this tectono-magmatic zone. The
results of our field and laboratory studies constitute the subject matter
of the present paper.

Evolution of Ideas

This region was partly investigated in the past. Thus, Szentpétery
(1919) who synthetized the data of previous studies, showed that west
of the Zam-Cizanesti alignment, which marks the boundary between
the Drocea and the Metaliferi Mts and crosses the investigated region,
diabases are predominant, while east of it one encounters porphyrites.

In 1941, Ghitulescu and Socolescu described the Mesozoic mafic
rocks as “the melaphyre complex”. Socolescu (1944) showed that in
this region the complex is largely developed and consists of diabases,
‘melaphyres and gabbros crossed by banatitic intrusions related to Cu,
Pb and Zn mineralizations which occur north of Almas Siliste. To the
south the author mentions slicht manganese concentrations associated
with jaspers and tuffs of basaltic rocks.

In 1953 Savu investigated the northern part of this region, situated
‘between Almas Siliste, Strimbu Valley, Piroasa, Ghieleni, Briseu and
the Dosul Peak. South-westwards, the author delimited the diabasic
rocks which contain the Almas Siliste gabbro body as well as the
peridotite and gabbro ones on the Strimbu Valley ; the whole complex
is crossed by the Cerbia banatitic body. As for the rest of the region
he mentions pyroclastics of porphyritic basalts and andesites associated
with jaspers and overlain by the Paroasa Jurassic limestones. The same
formations are recognized in the Tamasesti region, investigated in 1975
in view of elaborating the geological map of Romania, scale 1 :50.000,
.sheet Rosia Noud, published in 1979.

The south of this region was investigated by Jacob (1953, 1957)
who showed that east of Zam, the melaphyres and porphyrites are pre-
dominant while the quartz porphyries erupted before the “diabases
with flow structure”. The same region was studied by Cioflica (1964)
who was mainly interested in the banatitic rocks of the Cerbia body.
which according to him, crosses the Jurassic basalts and gabbros and
metamorphoses them in the contact area. In 1961 the same author
showed that the Mesozoic volcanism generated basalt eruptions during
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the Jurassic as well as intermediate and acid rocks during Lower Cre-
taceous.

In 1968 I. Teodoru, Camelia Teodoru and Constania Caraveteanu
prospected the Almas Saliste-Bacea zone up 1o the Mures River and
recognized the basic magmatites, the banatitic rocks, the Neogene volea-
nics and their associated sedimentary formations. This area covers also
the south of the region investigated by wus.

East of the region in study, Savu and Nicolae (1975) have divided
the igneous rocks into pre-Oxfordian magmatites (stage I) and Upper
Jurassic-Lower Cretaceous magmatites (stage II) and presented their
petrochemical characteristics. Within the second stage, the authors de-
limited agglomerates of basalts and tuffs of rhyolites and andesites
associated with argillaceous bands and jaspers (Vorta Formation), that
form a wide synclinorium.

Geology and Tectonics

The investigated region is situated at the boundary between the
Metaliferi and Drocea Mountains, including, according to former
studies, the approximate boundary of the western “diabase domain”
which contains rocks with intersertal-ophitic structure and of the “east-
ern domain” which includes porphyrites, typical volcanic rocks with
porphyritic texture and pilotaxitic or hyalopilitic groundmass. Accord-
ing to Szentpétery (1919) these two domains could be delimited by an
alignment passing between Zam and Cézinesti, while Papiu (1953) en-
visages a winding boundary which links the localities Zam-Godinesti-
Basarabeasa.

According to Savu (1980 @, b) this peftrographic delimitation of
the Mesozoic igneous rocks is of a peculiar geotectonic and petrological
significance, as the two domains correspond to the western outcropping
area of ocean floor ophiolites and to the eastern one of porphyritic rocks
(basalts, andesites, etc.), island arc volcanics.

This view is the result of an elaborated study based on the
evolution of ideas in the world. Thus, as Papiu (1953) puts it, former
researchers of the Mures Zone pleaded for at least two stages of
eruption of similar rocks : a Triassic or Jurassic one and a Cretaceous
one. As concerns the age of the Mesozoic eruptions in the Drocea Mts,
Papiu (1953) mentions that the eruption of basic effusive rocks started
long time before the emplacement of the Stramberg limestones (during
the Jurassic or Triassic) and accounts for the occurrence of some
eruptions, at least concomitantly with the Neocomian flysch.

In 1957 Savu divides the eruptions from the Drocea Mts in two
series of different ages: the ante-Kimmerian eruptions (ophiolitic)
series, consisting of diabases and gabbros and the new Kimmerian
eruptions series, which starts with basalts and continues with andesites,
acid and alkaline rocks, generated by volcanoes of central type with
stratovolcanic structure, some of them coming out of the Mesozoic sea
as volcanic islands bordered by coral reefs (Savu, 1962 a). These erup-
tions manifested along two basins (troughs) located on the northern
and southern borders of the geosyncline in which they are insediment-
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ed ; the recurrent volcanism is synchronous with the Lower Cretaceous
flysch (Savu, 1962 b). The second stage eruptions have been sub-
sequently pointed out to the east of the Metaliferi Mts by Cioflica
(1961). .

In 1963 Giusca et al. distinguish three phases of the initial magma-
tic activity from the Mures Zone : (1) Jurassic-pre-Oxfordian, (2) Upper
Jurassic-Neocomian and (3) Albian-Cenomanian. This classification led
1o :the conclusion that in the Mures Zone the ophiolitic magmatism had
lasted since Lower Jurassic or Upper Triassic till Albian-Cenomanian
and took place during three evolution stages which corresponded to the
former magmatic phases (Giuscd et al, 1968 ; Savu, 1967, 1968). This
viewpoint was then adopted in all studies on the initial magmatism from
the Mures Zone and the Metaliferi Mts (lanovici et al., 1969, 1976 ;
Savu, 1976 etc.).

Savu (1962 a) considers that the Upper Jurassic and Lower Cre-
taceous calc-alkaline eruptions form their own volcanic stage apart
from the ophiolite stage. This one is determined by the new Kimmerian
movements, which also generate the two subsidiary troughs on the
borders of the Mures Zone, the centre of the volcanic activity.

In the last years, according to the plate tectonics theory and the
‘new definition of the ophiolite notion in the world (Coleman, 1977 a, b)
it has been shown that not all initial magmatites from the Mures Zone
correspond to the ophiolite definition ; this led to a dilemma, as it had
already been stated (Savu, Nicolae, 1975 ; Savu, 1976) that the rocks
of stages 2 and 3 differ by their occurrence, petrography, petrochemistry
and geochemistry from the rocks of the first stage which are typical
-ophiolites (Savu, 1962 ¢). .

In 19734 Savu and Udrescu and later on Savu and Nicolae (1975)
and Savu (1976) related the Upper Jurassic volcanic activity to a bi-
lateral subduction process, which started manifesting itself during the
Oxfordian and Kimmeridgian, at the same time with the new Kimme-
rian movements.

The first sign of the geotectonic character of the eruptions from
the Mures Zone was offered in 1977 by the geochemical data obtained
by Savu et al. (1978) ; at the same time it has been noticed that the
first stage rocks are plotted on diagrams within the field of ocean floor
basalts, while the second stage porphyritic basalts and andesites are
plotted within the field of island arc voleanics. Recently, Savu
(1980 a, b) has demonstrated that the initial eruptions from the Mures
Zone may be assigned to ocean floor rocks or ophiolites (Lower Jurassic-
Oxfordian) and to pre-orogen or submarine island arc volcanics (Upper
Jurassic-possibly Lower Cretaceous) following Mitchell and Bell (1973).
The author notices two pre-orogen island arcs west of the Mures Zone,
which associate with the two marginal troughs previously distinguished
(Savu, 1962 a, b); eastward, the pyroclastic products of the island arc
rpor:plgyri’tic basalts and andesites cover almost entirely the mobile
zone °.

According to these new conclusions, the region in study — which
is located within that part of the axial zone consisting of ophiolites,
which 'is- getting covered, east of Almas Siliste, by island arc pyro-
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clastics — includes the two rock series: (1) ophiolitic series and (2) is-
iand arc volcanic series,

1. The ophiolitic series occurs to the west of the region, between
the springs of the Strimbu Valley, Almas Sailiste and Zam. Having
in view the previously published data and the personal investigations
{Savu, 1953 ; Savu et al., 1980) this series had been emplaced since
Lower Jurassic till the Oxfordian and the radiogenic age of the rocks
was established at 180 m.y. (Herz et al., 1974). The ophiolitic rocks
form’a large convexity which sinks ENE, to Briseu-Bigara-Visca, below
the island arc volcanics. The axial zone of this convexity contains the
Cerbia intrusive body. It is still under question whether this convexity
represents an anticlinal axial zone or an uplift of eruptive formations
caused by the intrusion.

2. The island arc volcanic series covers the widest area of the
reglon, starting from the boundary with the ophiolitic series north-
east and southwards, in the basin of the Almas Siliste, Tamagesti, Godi-
nesti and Déanulesti Rivers, up to the crest which delimits this basin
{from the neighbouring hydrographic basins, where it does also occur.

The Upper Jurassic volcanic activity is mainly extrusive and has
generated pyroclastics (agglomerates and tuffs) interbedded with scarce
lava flows, often in pillow lava facies, which all lie over the ophiolitic
basement. The same situation may be often encountered in the western
Pacific island arcs (Hart et al, 1972 ; Mitchell and Bell, 1973), the
basic volcanic products of which overlie the ocean floor basalis.

The volcanic series consists of the following types of magmatites :
(a) basaltic rocks, (b) andesitic and acid rocks, (c) alkaline rocks, whose
sequence corresponds to the three volcanics series accounted by
Miyashiro (1974) for the island arcs.

(a) This activity generated an important amount of porphyritic
basalts and basaltic andesites agglomerates, which generally start with
tuffs, red argillites and radiolarites which cover the whole area of the
island arc volecanism, Similar rocks are intercalated at some other levels
of the agglomerates as well. The tuffs are better developed NE of
Godinesti, at Gruiul Méarului and on the hills west of Bigara. The
typically volecanic basalt pyroclastics include peridotites and mela-
gabbros blocks at the springs of the Castinescu Brook, where they are
intruded by olivine basalts that may be also encountered on the Comorii
Hill and round the springs of the Danulesti River 6. Rozlosznic (1905)
menticns picrites at Tamdisesti. To the north of the region, between
Paroasa and Ghielani, the basaltic agglomerates are overlain by the
Stramberg limestones which point to the Upper Jurassic age of the
pyroclastics.

(b) Then follow different types of andesite eruptions, the pyro-
clastics of which overlie the porphyritic basalt agglomerates at Du-
mesti, on the hills between the Turcu Brook and the Gura Boului
Valley and are overlain by or intercalate with acid rock pyroclastics,
accounting for a recurrent volcanism (Savu, 1962a,b). They occur in
the Tamisesti Valley, especially on the left bank, where the andesitic
pyroclastics are overlain by the Stramberg limestones from the south of
the region. For the rest of the region, they occur as veins.

11 — ¢, 239
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As far as one advances southwards and reaches the axial zone
of the southern volcanic island arc, located within the Dealul Mare-
Vorta-Danulesti-Zam area, the volcanic activity gets more complex.
The last products of the island arc volcanism are constituted of acid
rocks represented by dykes, veins and pyroclastics of dacites and rhyo-
lites alternating with andesite eruptions. In the Danulesti-Témaésesti
area one may clearly notice how the acid rock pyroclastics are over-
lain by the Stramberg limestones, pointing out that the island arc
volcanism is of post-Oxfordian age and occurred during the Upper
Jurassic. The Stramberg limestones occur as a reef barrier — similar
to that one north-east of Australia — which starts from Cépilnag to
ENE, passing by Zam, Dealul Mare, Valisoara, Almasul Mare (Savu et
al,, 1978) and continues to the Trasciu Mts, by Rimeti up to Turda,
following the wvolecanic structures situated on the alignment of the
southern island arc of the Mures Zone on a distance of 160 km (Savu
et al., 1982 a).

(c) The upper horizon rocks are sometimes associated with oligo-
phyres and orthophyres (paleotrachytes), which may be encountered
either as extrusive rocks or as veins which cross both the ophiolitic
series and the island arc basalts, as well as the amphibole andesites
or the acid rocks.

To the south-west of this region, south of the Cerbia body, two
dvkes of porphyry rocks were assigned to the banatitic rocks, although
it is hard to identify, according to petrographic criteria, the dykes
related to the Cerbia body on the one hand and the Upper Jurassic
ones on the other, as the rocks are very similar. Thus Teodoru et al.
(1968) assigned all the acid rocks from this region to the banatitic
eruptions, while Jlacob (1953, 1957) considered them oldér than the
mafic rocks with which they associate. It is possible that some intru-
sions, generally assigned to the banatitic province, have started since
the Upper Jurassic (7). This conclusion is supported by the following
observations : (a) the obvious similarity between some rocks considered
to be banatitic and the Upper Jurassic island arc ones; (b) the radio-
genic ages obtained by Lemne et al. (1979) for some acid rocks from
the Savirsin and Cerbia massifs, which vary between 140 and 60 m.y.

We note that all dacite, rhyolite and orthophyre dykes from the
southern part trend ENE-WSW, pointing to their generation under the
same geotectonic conditions as well as to their appartenance to the
Upper Jurassic island arc volcanism, just like the acid pyroclastics
which they resemble petrographically. On the contrary, the Cerbia body
is somehow unconformable to the trend of these dykes and veins and
it trends NE-SW ; this shows that it is a little younger. However, it is
worth stating that the rhyolite, dacite, oligophyre pyroclastics as well
as the associated volcanic rocks are of Upper Jurassic age and are
overlain by the Stramberg limestones from the south and north of the
region.

Petrography of the Island Are Volcanics Series

The Upper Jurassic volcanics of the submarine island arc are
much more varied petrographically than the effusive rocks of the ophio-
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litic series. We distinguish four rock groups : basic, intermediate, alka-
line and acid.

A) The basic rocks. These rocks are represented by agglomerates
and sometimes by basalt and olivine basalt flows in pillow-lava facies.
The island arc basalts are characterized by the porphyritic texture of
typical volcanic rocks and consist of a hyalopilitic groundmass, some-
times of flow nature, with floating augite and plagicclase phenocrysts ;
the amygdaloid structure is very frequent. These petrographic features,
determined by genetic conditions, make them differ from the ocean
floor basalts with intersertal-ophitic structure (ophiolitic basalts) and
allow their delimitation in the field. According to the phenocryst nature
and to their frequency, there occur basalts with augite or sometimes
olivine phenocrysts and basalts with plagioclase phenocrysts. These
features are also characteristic of the basalt veins that cross the Almas
Saliste gabbro body. One may also encounter rocks with both pheno-
cryst types in equal amounts.

There are instances in which the amygdales characteristic of these
rocks exhibit a zoned distribution within the pillow lavas (Pl II,
PFig. 1, 2). On borders the amygdales are finer (1-2 mm in diameter),
while inwards they get larger until 1-15 mm in diameter. In places
there occur basalts the zeolite amygdales of which reach 4 c¢m in
diameter, while the elongated. <llipsoidal ones reach 7 em in length.

a) The olivine basalts crop out only in the area of the Comorile
Hill, the springs of the Cistinescu and Déanulesti Rivers.

The porphyritic rocks consist of a mainly hyaline groundmass
built up of glass containing plagioclase, magnetite and pyroxene micro-
liths crowded with bigger elongated plagioclase crystals (Ang) twinned
according to albite law. The augite phenocrysts are sometimes idio-
morphic and in most cases they react on borders with the magma that
corroded them ; they exhibit twins after (100) and a clepsydra or slight-
ly zonal structure, pointed out by the extinction angle of crystals. The
olivine phenocrysts, which are smaller than the augite ones, are some-
times idiomorphic and show frequent signs of magma corrosion. On fis-
sures they are partly or wholly replaced by idingsite and siderite or
caleite (Pl III, Fig. 1).

b) The peridotites are rocks which consist of clynopyroxene pheno-
crysts and a hollocrystalline groundmass built up of augite, olivine,
amphibole, biotite (phlogopite) and scarce ‘plagioclase (Ans,), in
melagabbros, corresponding thus to the definition given by Nockolds
(1940) and Hatch et al. (1961) for this type of rocks (Pl IV, Fig. 2).
The augite phenocrysts (¢ A Ng=41°) are often idiomorphic. Some-
times they contain olivine inclusions replaced by bowlingite. Clyno-
pyroxene is replaced in places by a secondary, fibrous hornblende.
The olivine does usually occur in fine, generally altered crystals. Ac-
cidentally, these rocks contain polysynthetically twinned plagioclase
crystals altered within an argillitic mass, as well as brown-yellowish
pleochroic phlogopite lamellae. There also occur fine magnetite grains.

¢) The basalts with augite phenocrysts are also typical porphyritic
rocks and consist-of a groundmass made up of glass and plagioclase,
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augite and magnetite microliths with floating augite phenocrysts,
2-3 mm in length, with twins after (100) and scarce plagioclase pheno-
crysts (Ansg); the latter exhibit a slightly zonal structure (Pl III,
Fig. 3). The centre of the plagioclase crystals contains small inclusions
of glassy groundmass and fine magnetite grains. The augite pheno-
crysts of some rocks group together, forming glomeroporphyritic struc-
tures. There are some rocks in which the augite phenocrysts
(CA Ng=41°) intergrow with magnetite crystals, Within one of the
basalt veins that cross the Almas Siliste gabbro body, the augite pheno-
crysts exhibit several twins similar to the plagioclase polysynthetic ones.
The amygdales of these basalts, as well as of other rock types, are
filled with calcite, zeolites, chlorite and/or quartz.

d) The hyalobasalts are rocks mainly consisting of devitrified glass
that contains numerous small plagioclase (Ang) and augite crystals,
as well as some broken augite and plagioclase phenocrysts ; the latter
exhibit a narrow marginal zone.

e) The basalts with plagioclase phenocrysts are also typical vol-
canics that consist of a groundmass mainly built up of plagioclase
microcrystals (Ang), glass and fine magnetite crystals with plagioclase
phenocrysts the diameter of which reaches 4-5 mm. The rock often
exhibits a flow structure (PL III, Fig. 2, 4; Pl. IV, Fig. 1).

The pyroclastics resulted from this type of basalt richer in plagio-
clase, contain also hyalobasalt elements the glass of which is of brown-
reddish colour. The amygdales of these rocks exhibit radial or semi-
radial zeolite occurrences. The walls of the amygdales present a chlorite
crust and the amygdales themselves are filled with zeolites.

It is worth mentioning the “polygenous agglomerates”, which
represent a sort of “volcanic melange” made up of elements of Upper
Jurassic porphyritic basalts and of the ophiolitic basement. They occur
mainly at Godinesti, to the south of this region.

B) The intermediate rocks. They are represented by two andesite
types : pyroxene and hornblende andesites and hornblende andesites.

a) The pyroxene and hornblende andesites occur as pyroclastics
on the Danulesti Valley and on the south-western slope of the Cig
Hill. They are porphyritic rocks, consisting of a pilotaxitic groundmass,
often of flow structure with plagioclase, pyroxene and hornblende
phenocrysts. The groundmass consists of devitrified glass, small plagio-
clasg and magnetite crystals and microliths in different proportions. The
plagioclase phenocrysts (Ang) exhibit on borders 2-3 zones, more acid
than the inner part and are usually twinned according to albite and
albite-Karlsbad laws. In places they are partly replaced by calcite,
which occurs as patches all over the rock. The pyroxene phenocrysts
include magnetite crystals and their borders are sometimes corroded by
magma. They group together and form glomeroporphyritic textures.
The amphibole is twinned after (100) and presents the following pleo-
chroism : Ng=greenish ; Nm==dark brown ; np=yellowish. The amphi-
bole phenocrysts do often react with magma and are partly or wholly
resorbed, leaving behind a swarm of magnetite crystals, associated with
plagioclase microcrystals and calcite (Pl. IV, Fig. 4).
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b) The amphibole andesites form agglomerates to the south of
the region, as well as some veins which cross the basalt agglomerates
situated to the north. They are rocks with pormphyritic texture and
flow structure, built up of a microcrystalline groundmass which contains
plagioclase phenocrysts, hornblende and bigger magnetite crystals.

The rock groundmass consists of plagioclase microliths, fine mag-
netite grains and partly chloritised glass. The plagioclase phenocrysts
(Ang3) 5-6 mm in length, are usually jdiomorphic, exhibit twins ac-
cording to albite and albite-Karlsbad laws and zonal structure (Pl. IV,
Fig. 3). They contain chlorite inclusions, probably resulted from the
replacement of the glass initially included in the plagioclase pheno-
crysts. These inclusions are distributed in several zones. The hornblende
phenocrysts are either isometric or elongated. The borders usually ex-
hibit traces of opacitization or magnetite grains associated with plagio-
clase crystals (Pl. IV, Fig. 4). The hornblende presents the following
optical features: Ng=greenish brown ; Nm=brown ; Np=yellowish ;
¢ A Ng=14° The rock contains small calcite patches.

C) The alkaline and subalkaline rocks. These rocks are represented
by oligophyres and orthophyres. ‘

a) The oligophyres do usually occur as veins which cross the Upper
Jurassic basalt agglomerates. They are porphyritic rocks which consist
of a groundmass with floating plagioclase phenocrysts and in one case
of hornblende ones. The groundmass exhibits a bostonitic or flow,
trachytic structure and consists of oligoclase microcrystals, scarce
chlorite and fine magnetite grains. The oligoclase phenocrysts (Anjg-j2)
are polysynthetically twinned according to albite law. They are turbid
just like the plagioclase mikcrocrystals. The elongated hornblende jpheno-
crysts are twinned after (100) and show the following pleochroism :
Ng=Dbrown-greenish ; Nm=brown ; Np=yellowish. Usually these rocks
contain small amygdales with quartz and green-yellowish pistacite,
which sometimes form radial or arborescent intergrowths.

b) The orthophyres (paleotrachytes) occur as veins especially to
the south of this region. They are porphyritic rocks that consist
of albite microcrystals (Any), chlorite and fine magnetite grains, with
small, irregular quartz depositions within which plagioclase, potash
feldspar and magnetite phenocrysts do float. The polysynthetically
twinned plagioclase phenocrysts are usually idiomorphic, sometimes
broken and have reacted with the magma. The potash feldspar pheno-
crysts are also idiomorphic and sometimes exhibit twins according to
Karlsbad law ; their structure is a slightly perthitic, rudimentary one.
The melanocrate mineral is represented by small biotite lamellae, partly
altered, the cleavage of which is filled with prehnite.

D) The acid rocks. They were previously described as quartz
porphyries and include the-dacites and rhyolites which form dykes or
veins ; they may be also encountered within the pyroclastics from the
south of this region.

a) The dacites are light coloured rocks, of porphyric character,
which consist of a microcrystalline groundmass containing plagioclase
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phenocrysts (Angg) with polysynthetic twins and a slightly zonal
structure. They often group together into glomeroporphyritic textures.
One may also notice biotite phenocrysts with the following pleochroism :
Ng=Nm=dark brown ; Np=yellowish. There also occur quartz relics,
highly corroded by the magma.

b) The rhyolites are characterized by their light colour and por-
phyric texture. They consist of a finely crystallized groundmass with
floating quartz phenocrysts corroded by the magma, scarce plagioclase
(Ang), turbid potash feldspar, similar to the plagioclase one, and biotite
lamellae partly altered into chlorite. Sometimes the groundmass is
glassy, with flow structure or concentric delimitations which remind
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of the perlithic structure. The quartz phenocrysts which are corroded
by the magma exhibit a reaction aureole on borders. The potash feld-
spar ones are sometimes twinned according to Karlsbad law.

The fine rhyolitic pyroclastics from the south of this region are
vitrocrystaloclastic tuffs consisting of devitrified glass and including
broken quartz and feldspar crystals.

Postmagmatic Transformations of Volcanic Rocks

After being formed, the island arc volcanics underwent several
transformation processes, such as : changes effected in submarine con-
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ditions and hydrothermal alterations. Since hydrothermal alterations
constitute a chapter apart, at this point we are going to treat upon
the effects of submarine metamorphism, which is mainly caused by
‘the reactions between water on the one hand and submarine erupted
lavas and pyroclastics on the other, at which the effects of diagenesis
are added. Thus the characteristic phenomena are the general filling
up of gase vacuoles of basaltic and andesite-basaltic rocks with zeolites,
calcite, quartz and chlorite and the invading of some of these rocks by
calcite. These changes seem to resemble the submarine or ocean floor
metamorphism in zeolite facies which affects mafic rocks on the whole.

We also mention the devitrification and chloritization of the glass
from the rock groundmass, as well as the incipient alteration of plagio-
clase from different rocks and sometimes of melanocrate minerals.
However these phenomena may also represent incipient manifestations
of the hydrothermal alteration.

Petrochemistry of Velcanic Rocks

Tor the petrochemical study of island arc volcanics, there have
been analysed chemically 25 samples, representing all types of cha-
racteristic rocks from this region, from amygdaloid porphyritic basalts
to dacites and rhyolites. As the authors aim at establishing the origin
of magmas as compared to the different voleanics (Pl I), most of the
analysed rocks were represented by basalts and intermediate rocks.

The results of the chemical analyses are relevant for this sequence
of volecanic rocks (Table 1). The wvery thigh CaO content, 16,98%, of
sample 1 is due to the fact that the rock is an amygdaloid basalt the
amygdales of which are filled with calcite, situation accounted for by
the high CO, content (6,05%); COy is absent from the other rocks or
occurs in rather small amounts, especially in basaltic rocks and basaltoid
andesites, due to their amygdaloid structure ; the amygdales are filled
with calcite or/and zeolites and chlorite, rarely silica. The occurrence
of zeolites within these rocks is proved by the high H,O content.
Sulphur is practically absent. We mention the occurrence of CryO;
and NiO within the melagabbro, which seems to be a cumulate con-
stituted of olivine crystals, augite and scarce plagioclase sometimes with
zonal structure.

This rock series comes from a calc-alkaline basaltic magma, as
shown on diagram of Fig. 1, drawn up according to Irvine and Baragar
{1971) and Weaver et al. (1979). On this diagram all the volcanics
enter the field of subalkaline (calc-alkaline) rocks, south of the IB line,
which delimits the field of calc-alkaline basalts from the tholeiitic basalt
field, mentioned by Irvine and Baragar (1971), Within this field, most
of the rocks (56%) enter the area of AlyOs-rich basalts (“high alumina
basalts”) delimited by lines K-K’ according to Kuno (1960, 1966). The
character of basic and intermediate calc-alkaline rocks rich in AlyO3
stands out from the diagram of Fig. 2, on which they enter the field
of “high alumina basalts” recognized by Kuno (1968).
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The same diagram of Fig. 1 reveals another petrochemical feature
of the Upper Jurassic island arc volcanics from the Mures Zone, namely
that most of them are transition rocks between calc-alkaline and tho-
leiitic basalts, being situated on either side of the IB line. The dif~

FeQ(total}

Ko 0
Fig. 1. — FeO(tot) — MgO — Na0O + K,0 diagram.

ferentiation line of the Mures Zone sequence, from basalts to rhyolites,
stands out obviously within the calc-alkaline field. The exception is
represented by mellagabbro, a MgO-rich rock, which tends to reach

the Mg corner of the diagram.

S
S
& i
2 -
—-K
Fig. 2. — NaZO + KO — SIOQ 2
diagram.
) : ‘ , :
45 50 55 60 65 70
Si0p

The tendency of cale-alkaline differentiation of the basaltic magma
stands out clearly from the diagram of Fig. 3, drawn up according to
Miyashiro (1975). On all the three diagrams, the rocks of the Upper
Jurassic volcanic series from the Mures Zone are generally distributed
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differentiation line of the island arc volcanics is represented by basalt-
andesite-dacite (- granocdiorite)-rhyolite (4 granite) asscciation, while
the primary magma is a calc-alkaline basaltic magma.

The last features were pointed out by Savu (1962 b) in his study
on the island arc volcanics, that occur within the two island arcs

so{

40
30
20

10

‘Fig. 4. — Differentiation diagram of island arc volcanics.

situated on the margins of the western part of the Mures Zone and
which are equivalent to the Upper Jurassic volcanics from the Almas
Saliste — Godinesti — Zam region. On that viccasion, it has been shown
that the main calc-alkaline line is accompanied by a collateral one of
alkaline mature, represented by basalt-limburgite-cligophyre-trachy-
andesite-trachyte (orthophyre) association. The rocks of this series are
the result of contamination of basaltic magma with acid magma, which
according to latest wiews (Savu, 1976) has resulted from the melting
of the plates subducted below the Mures Zone ophiolites, which in their
turn have undergone thrusting processes (Savu, 1980 b). In the studied
region, this collateral alkaline differentiation line must include the
oligophyres and orthophyres encountered in some places and not ana-
lysed chemically yet.

Although the island arc volcanic activity from the Mures Zone
was mainly explosive and recurrent — the andesite eruptions some-
times alternated with dacite and rhyolite ones — the general diffe-
rentiation line trends from basalts to rhyolites, as mentioned above.

Distribution of Trace Elements

The volcanic rocks analysed chemically and presented in Table 1,
were also analysed by emission spectrography in order to establish
the behaviour of trace elements. The latter contents, as well as the
values of Cr/Ni, Zr/Y and TI/Y ratios are given in Table 3.

From this table one may infer that Cr and Ni contents decrease
along the island arc volcanic series, starting from basalts to acid rocks.
Higher Cr and Ni contents, as compared to basalts and calc-alkaline
rocks, have been found in melagabbro. Higher Cr and Ni contents have
also been recognized in the olivine basalt (no. 813) and in another
basalt (mo. 1222). The decreasing tendency of the two elements is
clearly shown on the diagrams of Figs. 5 and 6, on which Cr and Ni
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TABLE 3
Trace Elements (ppm) in Island Arc Volcanics
Sam- | E l |
No. pale Cr | Ni Co{ WV ([FSEl| Zrypm Yb; Pbi Cu| Ga | Sn |Ba | Sr|Cr/Ni| Zr/Y |Ti/Y
| i 5 i . |

1 57 80| 22| 38|290| 34{100] 22 | 3.2 4 | 24 { 15 | 3,5|230{409] 4.1 4.5 | 310
2] 821 |1000|380} 46|160] 31| 44| 11 <1 (<2 | 26 | 7 {<2 [100]260] 2.6 | 4.0} 218

31 1224 | 240] 80] 22[130{ 19| 44 9.5] 1.0{<2 | 73 |11.5|<2 |140[450] 3.0 4.6 | 570

4 82 | 82| 18] 38|420| 45[110| 32 | 4.6} 6.5 14 | 19 [<2 1250|320| 4.5 3.1 | 220

5} 1222 1 370230; 411290; 31| 70| 14 | 1.4{<2 | 55 | §.5]<2 |125|350] 1.6 5.0 | 380

8 813 | 500|2501 46215} 25100 22 | 2.4} 2| 57 | 11 2 12201430 2.0 4.5 | 285

701072 ) 23| 24) 20{170] 22| 68} 18 | 2.4/ 3 | 60 {13.5|<2 | 80{230{ 1.0 3.8 | 228

8 1 1056 17| 23| 32|200; 23] 58| 19 | 2.4f 3 | 65 | 16 |<2 | 80{200| 0.7 3.0 | 290

9| 1084 731 34| 32|260{ 30[100| 27 | 2.9] 3.5 65 | 14 <2 | 95220{ 2.1 3.7 | 230
10 1 1087 | 125] 40| 40390 85| 76| 24 | 2.5 2.5; 72 | 14 [<2 | 78{105] 3.1 3.2 | 305
t1 | 1071 85) 30| 24!200| 20| 76| 16 | 1.6| 4.5 60 | 14 2 114012007 2.4 | 4.7 | 380
12 753 50 13{ 341360| 34[155| 29 | 4.8] 9| 9 | 18 [<2 |440420] 3.8 5.3 | 230
13 549 3118 231240( 22} 80|19.5| 1.9| 3.5 56 | 14 | 2,5|570[700{ 0.2 4.1 | 385
14 41 77} 52p 30[340] 28] 80| 18 | 1.8] 3 i 52 | 14 [<2 |420[270] 1.5 4.4 | 295
15 ] 1104 03l 39 443401 30[100| 25 | 3.0/ 5 73 | 17 | 4 | 60[120f 1.3 4.0 | 240
16 110561 50) 20! 24,140| 16i100] 20 | 2.1| 6.5 55 | 14 |<2 |340[170] 2.5 5.0 | 215
17 110941 40 320 38300] 25;140) 28 | 3.0|<2 | 73 | 14 | 2,5[125]160] 1.2 5.0 | 207
181 1094 | 38 28 34i320] 20]110] 28 | 2.8} 7.5; 73 | 14 | 2 [170[240{ 1.3 3.9 | 146
19 577 | 50| 45] 20/360f 23{115} 23 | 2.5/ 5.5/ 95 | 17 | 2 1410/400] 1.1 5.0 | 270
29 11020 GO} 1812014180; 201 76| 15 | 1.9} 2.5 55 | 15 4 4120{175] 3.3 5.1 1 320
21 1 1022 | 4.5] 7| 14] 95] 9|110| 16 | 1.9] 12 | 33 | 16 | 2 |350{300] 0.6 6.9 | 205
22 1 1058 5 8] 15(120f 121170 20 | 2.4| 12 | 19 | 18 | 4,5]320{200; 0.6 | 8.5 | 215
23 37 | 55| 31| 201350! 30| 80; 19 | 2.4 5,5 17 | 12 |<2 |350|270] 1.8 | 4.2 | 210
24 35 4] 14; 7 45| i3] 95 20 | 2.3| 286 6| 16 | 3 [380;300] 0.3
25 125 215.512,5] 10|2.5 60| 8.5 1.01 4.5{ 7 [9.5 |<<2 |280{225] 0.4

contents were plotted according to the FeO (tot)/MgO differentiation
index, the increase of which is simultaneous with the differentiation
of the island arc volcanic series, as mentioned above. Being siderophyle
chemical elements, both Cr and Ni resemble the iron and their contents
decrease according to the increase of FeO (tot)/MgO ratios, at the same
time with the FeO (tot) content, as shown in Fig. 3. The Cr/Ni ratio
is usually higher than the unit in the more basic rocks of the volcanic
series and it becomes lower than the unit in the acid rocks.

The cobalt shows a decreasing tendency from the more basic
rocks to the acid ones, but this one is less obvious as compared to Cr
and Ni decrease. As regards the vanadium, one notices at first a weak
increase in basaltic and andesite-basaltic rocks followed by a decrease
in andesites ; this latter tendency gets accentuated in acid rocks. Ac-
cording to Miyashiro (1975), the behaviour of vanadium resembles that
one of TiO,, which decreases monotonously in calc-alkaline series, as
we have already mentioned in the previous chapter (Fig. 3). The
behaviour of scandium is similar to that one of vanadium.

As far as the Zr, Y and Yb contents are concerned, they increase
gradually in basic rocks up to the value 2 of the FeO {tot)/MgO ratio
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(Fig. 7) and then they decrease slightly to the acid rocks. The uniform
increase of Zr content in basic and especially tholeiitic rocks, has been
used as a differentiation index of these eruptive series (Savu, Udrescu,
1975).

The Ba content increases gradually from basic to acid rocks, Om
the diagram of Fig. 8, drawn up after Miyashiro (1975), the Almag

Crippm)
1000 4
Ki{ppm)

500 500

300 300

100 - o

50 4

30

34 o
i I ! ; 5, 0 = 5 3. A
0 1 2 3. 4 FeO7Mg0 Fe0Y Mo
Fig. 5. — Cr — FeO(tot)/MgO diagram. Fig. 6. — Ni — FeO(tot)/MgO diagram:.

Siliste-Zam island arc volcamics exhibit higher Ba contents, as compared
to the ocean floor tholeiitic rocks situated to the south and north of
the Azore Islands, from which they differ by the origin of their magma.
The Ba contents of the island arc volcanics from the Mures Zone which
generally depass 80 ppm differ obviously from those of the ocean floor
basalts situated behind the Mariana Island arc, where this element
varies between 25.8 and 47.1 ppm, as shown by Hart et al. (1972).
The K/Ba ratio of the Pacific basalts has a medium value of 85, while
In the case of the island arc basaltic and basalt andesitic rocks from
the Mures Zone its value reaches 40, and the medium value of the
same ratio is 110 in the basalts occurring on median ocean ridges.

The strontium contents vary between 105 and 700 ppm along the
series, without pointing to an obvious variation direction following the
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increase of the FeO (tot)/MgO ratio, the differentiation of calc-alkaline
magma respectively. )

The lead and the stanium exhibit low contents for the whole
volcanic series, some of them even below the detection limit, as one
may frequently notice for Sn. The copper values are somewhat higher
in basic rocks and lower in acid ones. The gallium exhibits almost
constant values all over the sequence and in some rocks it occurs in
smaller amounts, deprived of peculiar significance.

Origin of Island Arc Volcanics

In the Mures Zone, the Upper Jurassic island arc volcanics lie
over a basement made up of pre-Oxfordian Jurassic ophiolites, which
were formed by the Mures Ocean spreading ; they are similar to the
island arc volcanics from the West Pacific which overlie the ocean floor
basalts (Hart et al., 1972). Recently, Savu (1980 a, b) has reported that
the tectono-magmatic evolution of the Mures Zone implies the transition
from the ocean floor stage to the island arc stage, which was caused
by the new Kimmerian movements at the beginning of Upper Jurassic.

If one considers the actual structure of the Almas Séiliste ophio-
litic region, where the ocean floor basalts are crossed by gabbro bodies
and consanguineous peridotites, as well as the distance of only 300 m
between the north-eastern extremity of the main gabbro body and the
plane that delimits the ocean floor series from the island arc volcanics
one, then one notices the occurrence of a hiatus between the two
series, which had probably been accompanied by an erosion period.
This fact would show that the basaltic and acid magmas, which gene-
rated the Upper Jurassic island arc volcanics, did not derive from
the ocean floor basaltic magma, but from younger, different magmas,
generated by some other processes, as one may see in Fig. 8.

The fact that the basic and intermediate magmas, which gene-
rated the island are volcanics, represent magmas different from the
tholeiitic magma which generated the pre-Oxfordian ophiolites, is well
marked on the diagram of Fig. 9, drawn up according to Pearce (1975).
Excepting four rocks — out of which two are very close to the line
that delimits the two domains — all the other members of the series
are plotted on the field of island arc basalts of this diagram. These
magmas were generated by the bilateral subduction processes that oc-
curred concomitantly with the new Kimmerian movements (Savu,
1976), accompanied by the inversion of the evolution of the Mures
oceanic zone, characterized by the ending of the spreading movement
and the starting of the closing process, which will end during the
Austrian movements. The bilateral subduction process was accompanied,
at the beginning of the Oxfordian, by the formation of the two de-
pressions or troughs (Savu, 1962 a, b) situated on the margin of the
subducted plates and well preserved to the west of the Mures Zone ;
it is here in these depressions that the Upper Jurassic island arc
volcanism will develop and the Upper Jurassic-Neocomian flysch wilk

be formed (Savu, 1976).
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The calc-alkaline basaltic magma was formed on the Benioff planes
by the partial melting of the ophiolitic substratum. The basalt-andesitic
volcanism generated by it develops on the borders of the active plates
(Savu, 1980 -a), fact proved by the rock distribution on the Zr/Y-Ti/Y

Titopm)

10000 | Gcean floor bosaits

5000 A =

3000 A Jstand arc hasalts

1000+

1 % 0 100 300 S0 1000 cr(ppm)

Fig. 9. — Ti-Cr diagram.

diagram of Fig. 10, drawn up after Pearce and Gale (1977) ; except for
a single rock, all the other ones enter the field of “plate margin” vol-
canics. This is a possible explanation of the formation of the two island
arcs from the west of the Mures Zone (Savu, 1980 ; Savu et al., 1982 b).
which occur parallel to the sialic plates.

s

Plate margin

k Within plate basalfs
Fig. 10. — Zr/Y — Ti/Y diagram. g basalls

- - TiZY
100 300 500 70

As far as one advances eastwards, along the Mures Zone, its
structure gets more and more complicated, as besides the volcanoes
of the two marginal island arcs, there occur volcanoes of the same
type within the mobile zone, that is in the interarc zone. That is the
case of the Piroasa-Mdigureaua Vatei, Visca etc. volcanic structures,
probably generated by the advancing northern plate or both plates,
below the mobile zone. In the central part of the Mures Zone, where:
the region studied by us is situated, the southern volcamic chain ad--

12 ~ ¢. 239
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vances northwards, inside the mobile zone, along the Zam-Tamdigesti-
Godinegti-Vorta-Viligoara line, and then it trends eastwards again. The
accumulation of mainly basaltic or andesite-basaltic products, some of
them of tholeiitic tendency, of the two marginal island arcs and of the
interarc volcanoes, covers the entire eastern part of the Mures Zone
(Savu, 1980 b). That is why, the ophiolitic series occurs from under
the island arc volcanic series only in some inliers, such as those at

7/
Tilppmy 7/ Within plate basalts
150004
1 /
/
/a
10.000
5000+ ";»Islund are basalts
i " and andesites
R S e~ T ﬁijOZr(ppm)
Fig. 11. — Ti — Zr diagram.

Visca, Luncoi and Balsa-Techereu (Savu et al., 1978). In the Trasciu
Mts only the island arc volcanics crop out.

The basaltic, andesite-basaltic and andesitic rocks produced by
these volcanoes have geochemical features characteristic of island arc
volcanics, as one can notice from the diagram of Fig. 11, drawn up
after Pearce and Gale (1977). On this diagram all the rocks are plotted
* within the field of island arc volcanics. This conclusion is also supported
by the diagram of Fig. 12, drawn up after Pearce and Cann (1973),
on which, except for two rocks, all the other ones are plotted within
fields C and B, characteristic of island arc volcanics.

The acid magmas which generated the dacites and rhyolites that
crop out farther on, were differentiated from the cale-alkaline basaltic
magma, as one may often encounter recurrence phenomena accom-
panied by the alternation of acid and basic or intermediate eruptions.
The partial mixture or the contamination of basic and acid magmas
have led to the formation of alkaline rocks from the collateral dif-
ferentiation line (Savu, 1962 b) of the island arc volcanic series (Savu,
1980 b).

In the Jurassic Mures Sea, some volcanic cones to the east of
it and especially the ones from the island arc situated on the border
of the southern plate, the Cipilnas-Turda trough respectively, have
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iongly occurred under favourable conditions — at a depth of 0-40 m
below water surface — for the formation of reef limestones on their
peaks (Savu, 1962 a). Thus a reef barrier was formed, as for example
the ones from the south-west Pacific, These Jurassic reefs follow the
volcanic cones alignment of the southern island are, from Cipilnasg to-
Turda. There also form isolated reef limestones, such as the one at
Paroasa-Magureaua Vatei, to the north of the appended map, that.
occur on solitary volcanic cones from the interarc zone.

Ti/ 06
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Fig. 12. — Ti — Y — Zr diagram.

As these barrier reefs and isolated reefs seemed to lie uncon—
formably over the volcanic rocks, on which they form, it has been
considered for a long time that limestone masses had been transported:
by an overthrust nappe from the west (Ilie, 1953).

The volcanoes from the northern trough are also accompanied
by Upper Jurassic reefs, but as they are rather few and their evolution
occurred under more unstable geological conditions, no barrier reefs
were formed (Savu, 1962 a). The Upper Jurassic jasper-argillite-carbo-
natic formation invaded all over the place and the volcanic centres-
occur only from place to place, between Patirs and Crisul Alb.

The volcanic explosions, which manifested concomitantly with the
formation of the reefs on the volecanic cones, generated the pyroclastic
rocks which are preponderent among the island arc volcanics ; there
also form characteristic polygenous agglomerates (volcanic melange) by
the throwing off the sea of some parts of the volcanic cone together
with the reef limestones, as well as of some ophiolitic rocks of the
pre-Oxfordian basement crossed by the volcanic funnels. All these
broken materials were redeposited in the sea as heterogeneous for--
mations, intercalated either between different types of volcanic rocks
or in the Upper Jurassic red jasper-argillite-carbonatic formation situat-
ed at the basis of the Neocomian flysch from the trough occurring:
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on the north-western border of the Mures Zone. This formation and
the buried volcanic structures occur at present between Patirs and
the Saturani Valley (Savu, 1962 a; Savu et al, 1982 b ; Savu, Manea,
1982).

Metallogenesis

The Upper Jurassic and possibly Lower Cretaceous island arc
volcanics from the Mures Zone are associated with a characteristic
metallogenesis. According to Savu et al. (1980) this metallogenesis is
represented mainly by polymetallic sulphide mineralisations of the
Vorta type. It differs thus from the metallogenesis with Cyprus type
mineralizations associated with Jurassic-pre-Oxfordian ophiolites from
the Mures Zone basement, which are characterized by copper and
pyrite concentrations in stockworks of the Patirs and Rosia Noui type.
In the region investigated by us, the metallogenesis associated to sub-
marine (Mitchel, Bell, 1973) or pre-Orogen (Savu, 1980 a, b) island arc
volcanism manifested itself by the formation of weak manganese oxide
and sulphide concentrations.

1) The weak manganese concentrations are associated to some
intercalations of basaltic tuffs, argillites and radiolarites in the agglo-
merates of Upper Jurassic porphyritic basalts. These concentrations are
of reduced dimensions (Socolescu, 1944 ; Teodoru et al, 1968) and pre-
sent no economic interest.

2) The pyrite mineralizations occur in wider hydrometasomatic
alteration zones both in the ophiolitic rocks and in the Upper Jurassic
island arc volcanics.

a) Hydrometasomatic alterations. The occurrence, in this region,
of a metallogenetic activity associated with Upper Jurassic magmatism
(Savu, 1953) is pointed out by the presence of some areas affected by
hydrometasomatic processes. These processes have led to important
structural-textural, mineralogical and chemical modifications. The above
mentioned changes are revealed by the occurrence of several neo-
mineral associations covering a wide temperature interval of the hydro-
thermal area. The area covered by these associations points to their
relatively selective distribution, marked by frequent superpositions
which form, together or independently, an important hydrometasomatic
alteration area, situated east of Almas Saliste, between the Ghelani
Brook to the north and the Dosu Peak to the south (Pl. I).

The rocks have undergone important silicifications in their main
alteration area on large surfaces. The most important areas are situated
on the Almas Séaliste and Boul Valleys, on the Frisinet and Casul
Hills, as well as within the basalts that occur at the eastern and south-
eastern contact of the Almas Siliste gabbro body. In these areas,
silicifications occur on several tens and even hundreds of meters in
width and on 1-2 km in length. Macroscopically, the rocks affected
by this type of alteration differ from fresh rocks by : the licht vellow
colour, sometimes dark brown, of altered rocks and their highly fis-
sured, fractured and breccified aspect, high hardness and numerous
pores and jron hydroxides.
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The microscopic study of these rocks led to the identification
of two main neomineral assemblages: quartz-argillaceous minerals-
carbonates and quartz-argillaceous minerals-adularia-sericite-carbonates.
Both assemblages contain pyrite as impregnations in the rocks. The
quartz occurs as: fine monomineral aggregates with mosaic structure
made up of xenomorphic elements, ununiformly developed and often
impure due to optically amorphous argillaceous minerals; medium
to rarely large crystallized grains with hypidiomorphic and idiomorphic
contours, usually associated with fissures and substitution holes; crypto-
crystalline quartz, frequently encountered on the last depositions that
cross and cement the rocks. As far as'the argillaceous minerals are
concerned, we note their participation quantitatively more reduced than
the quartz one, the preponderance of optically amorphous and fine
crystallized varieties and the sporadic occurrence of more crystallized
specimens (probably caolinite). The mentioned carbonates occur rarely
and usually point to later occurrences. Sometimes, besides quartz, argil-
laceous minerals and carbonates, one may also encounter adularia, partly
substituted by argillaceous minerals, probably sericite, as well as by
some small, acicular, transparent or lightly coloured crystals, included
in the quartz grains, which could represent a low temperature tour-
maline.

It is worth mentioning the following general aspects: (1) the
silicification processes did not involve the gabbro body and because
of that there occurs a typical selective hydrometasomatic alteration ;
(2) the hydrometasomatic alterations affect both the ophiolitic basalis
and the island arc volcanics ; (3) the abundant silica depositions are
characteristic of the postmagmatic processes associated to the Upper
Jurassic island arc magmatism, whose last terms are of acid nature.

The above described hydrothermalisation processes have often
modified the trace element content of the ophiolitic rocks and island
arc basalts, leading to the concentration of the former and the dis-
parition of the latter ; these changes agree with the type of hydro-
metasomatic alterations (Tab. 4 a). The Cr, Ni and V of the silicified
rocks generally show low values, while the Ba content increases slight-
1y ; the calcophyle elements (Cu, Pb, Zn) do not increase in the altered
rocks, while the less mobile ones (Sc, Y, Yb) show only small variations.

b) Poor pyrite mineralizations from the main hydrothermalization
area. Upstream the Almas Valley, next to the Almas Sédliste village,
the main stream together with its tributaries (Boul Valley, Frasinet
Brook etc.) as well as the interfluves preserve numerous highly fissured
zones, which are often brecciated and strongly silicified and pyrite
mineralized. The areas containing these rocks trend approximately N-S
or NW-SE and lie over large surfaces which frequently depass hundreds
of meters, reaching 1 km in length (PL I) and their width varies be-
{ween tens and hundreds of meters. Many submillimetric, millimetric
and centimetric quartz and pyrite veins with different trendings cross
the rocks. The quartz is generally of dark grey colour, sometimes of
light grey colour and has a cryptocrystalline nature. The groundmass
of the mineralized rocks preserves partly the initial porphyritic texture
of the island arc basalts, but it has also undergone important changes,
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being transformed into fine, cryptocrystalline quartz aggregates, asso-
clated with different amounts of carbonates, argillaceous minerals and
pyrite. In the interfluve zones (Frisinet Hill, Casul Hill etc.) these
areas are highly oxidated and occur as iron caps with common iron
hydroxides ; the rocks contain frequent porosities resulted from the
washing out of iron sulphides.

The microscopic study points to the occurrence, in varying pro-
portions (1-7%), of a single metallic mineral — pyrite. This sulphide
is generally fine crystallized and occurs in idiomorphic or hypidio-
morphic crystals, which are isolated or form aggregate swarms chaot-
ically distributed within the rock mass ; however, it seems to prefer
the dense and fine fissure network of cryptocrystalline quartz. The
main characteristic of the pyrite from these zones is the slightly zonal
structure. The mentioned zonality consists of a white-yellowish core
with complex crystallographic forms, while the yellow-greenish mar-
ginal zone is highly anisotropic and abunds in gangue mineral inclusions.

The wide spreading of this mineralization and the particularly
high silicification of the above mentioned rocks, arise some problems
related to their genetic and economic significance. We consider that
the pyrite mineralizations represent the upper parts of some important
fracture and mineralization areas, which may be associated spatially
and genetically with island arc magmatism, just like the hydrothermal
alterations. Geochemically, the pyrite mineralizations do not point to
important micro-element concentrations, as one may infer from the
interpretation of data offered by the three spectral analyses (Tab. 4b).
There are two elements — stibium and- arsenic — which show slight
concentrations, due to which these mineralizations could be assigned to
the hydrothermal-epithermal type.

Conclusions

The main conclusions of our study are the following :

1) The Upper Jurassic island arc volcanics from the Almas Saliste-
Godinesti-Zam region (Mures Zone) lie over a Jurassic-pre-Oxfordian
basement that consists of an ocean floor basalt complex of an ophiolitic
series.

2) The island arc volcanics are represented mainly by pyroclastics
which alternate with basaltic, andesitic and acid lava flows, and red
argillites and jaspers ; they are overlain by the Stramberg limestones.

3) The original magma was of calc-alkaline basaltic nature and
its differentiation followed the classic trend basalt-andesite-dacite-
rhyolite, associated with a secondary alkaline trend.

4) The basaltic magma formed on the subduction planes and the
volcanism generated by it developed in a marginal plate zone.

5) The geochemical features of these volcanic rocks determine
their geotectonic assignment to the island arc volcanics formed within
a marginal zone of active plates; they differ wholly from the ocean
floor basalts, just like the ophiolites overlain by them.

6) The metallogenetic processes associated to this calc-alkaline
volcanism are weak and consist of sulphide impregnations in hydrometa-
somatic alteration zones.
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3 We mention that during the field investigations carried out in view of
elaborating the appended map, some of the profiles were drawn up by I. Nicolae.

4 H. Savu, C. Udrescu (1973) Geotectonic Bvolution of the Mures Zone
(Apuseni Mts — Romania) and the Distribution of Trace Elements in Its Ophio-
litic Rocks. Communication held at the session of the ITAVCEI Symposium, Buy-
charest, September 1973 ; only the abstract has been published.

5 Recently, Cioflica et al. (1980) have assigned all the Mesozoic eruptions
from the Mures Zone to the island arc volcanism. However, the rocks are wholly
assigned to the ophiolites.

6 More recent investigations performed by Savu in 1981, showed that the
peridotites and melagabbros blocks could represent olistoliths broken from the

ophiolitic basement.
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QUESTIONS

C. Chivu: Are there any geophysical data which could account for the

surface relationships between the island arc velcanism and the ophiolitic mag-
matites ?
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Answer : According to our previous studies, the Upper Jurassic island arc
volcanism of the Mures Zone occurs along two island ares or marginal alignments.
As we have mentioned since 1981, the axial zone of the southern island arc,
overlying the ophiolitic basement, corresponds to an important anomaly of gravi-
metric and magnetometric minimum, pointed out by J. Andrei and collaborators
in 1971, No similar anomaly was Teported along the northern island arc, where
the volcanoes are buried by the Upper Jurassic-Lower Cretaceous flysch deposits
of the northern marginal trough of the Mures Zone. According %o the same
geophysical data, on the borders of the Mures ophiolitic zone, the mnorthern and
southern sialic plates, the 'Transylvanian and Apuseni Mts microplates respectively,
sink abruptly.

M. Lupu: 1. Do you consider that the ophiolitic and calc-alkaline rocks
represent a structure bordered by two calcareous sedimentary sequences ?

2. In my opinion, the authors do not account for the anticlinal structure
of the .ophiolitic zone. Thus it is obvious that the ophiolites of this unit contact
tectonically different formations and units of the South Apuseni Mts.

Answer : 1. We consider that the Mures Zone consists of a Jurassic-pre-
Oxfordian ophiolitic basement., overlain by the calc-alkaline volcanics which occur
along two island arcs; the volcanics associate with reef limestones and Upper
Jurassic-Lower Cretaceous flysch deposits, cropping out in two marginal troughs,
on the border of the ophiolitic area. Along the southern tisland are, the weef
limestones occur as a reef barrier growing on the volcano structures.

2. The Mures ophiolitic zone does mot represent an anticline, but a move
comvlex structure, which in the Almas Siliste-Visca-Luncoi-Vorta-Zam region is
characterized by the following tectonic elements: a) a northern anticlinal uplift
with the axis situated between Pietris-Almas Saliste-Visca-Luncoi, which wa
described in 1981 ; b) it is followed to the south by the Vorta svnclinorium
(Savu, Nicolae, 1975); ¢) farther to the south one encounters anc‘her faulted
uplift of the ophiclitic basement which lies south of the Cirméazinesti-Dumesti
parallel (Savu, Nicolae, 1975) ; d) farther on, both the ophiolites and the island arc
volcanies are buried by the flysch deposits from the southern trough of ths Mures
Zone, occurring between Capilnas and Turda (Savu, 1982 ; Savu, Nicolae, 1975).

M. S&ndulescu: 1. Could you account for the Upper Jurassic age of
“island amc” magmatites ?

2. The “island arc” magmatites are linked with a sialic plate subduction.
It is well known that everywhere in the world, the “island arcs” are related to
ocean plate subduction. Otherwise, no sialic plate subduction is known yet. How
can you account for this contradiction ?

3. Did the erosion period, mentioned by wyou, mark the generation of
ocean floor magmatites apart from the beginning of “island arc” magmatism, the
oceanic floor uplift during the Upper Jurassic under subaerial erosion conditions
and the moving away of some of the magmatites ?

Answer : 1. In several previous studies ‘we mentioned that the island arc
volcanics associate with the Stramberg reef limestones and intercalate in the Upper
Jurassic jasper formation and possibly in the Neocomian deposits from the two
marginal troughs of the Mures Zone.

2. It is true if we have in view the plate tectonics, a rather young science
{20 years). However, we note that the Upper Jurassic and possibly Lower Creta-
ceous island arc volcanism of the Mures Zone does exist under different aspects.
It has been also shown that it occurred along two island arcs situated on the
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borders of the Mures Ocean, within the ocean plate. This accounts for the bilateral
subduction which generated the volcanism. As far as the nature of the northern
and southern subducted plates is concerned, we mention the following: a) it is
possible that in the 20 years of investigations in the field of plate fectonics not
all situations were studied and consequently this one is walid ; b) it is possible
that north of the Tethys Sea, where several microplates or microcontinents (Savu,
1976, 1980) formed, there occurred a phenomenon similar to that one which
generated the partial underthrusting (subduction) of the East European plate below
the East Carpathians, concomitantly with the subduction of the ocean plate lying
in front of it (see Réadulescu and S&ndulescu, 1973) ; ¢) in the case of several
microplates, such as those from the northern area of the Tethys Sea which
include the Transylvanian and Apuseni Mts microplates between which the Mures
Zone did develop (Savu, 1980), it is possible that only the asthenosphere exhibit
the convection movement, while the sialic plates undergo collision of continent-
continent type or are only partly subducted.

Thus, one of these phenomena did occur accounting for the calc-alkaline
character of the island arc volcanism (Savu et al, 1981 a) and for the position
of northern and southern sialic plates partly thrust (subducted) under the
ophiolitic Mures Zone.

3. Between the two rock complexes there is a hiatus, as the ocean floor
basalts are directly overlain by amphibole andesites or calc-alkaline basalt ande-
sites ; it may be inferred that the island arc volcanics are not generated by the
tholeiitic magma of the ocean floor basalts from the basement. It is difficult to
recognize a subaerial erosion. All phenomena seem to have occurred in submarine
conditions during the Kimmerian movements,

DISCUSSIONS

M. Si&ndulescu: The problem of applying the principles of global
tectonics to the elucidation of some aspects connected with (young) fold belts,
implies the utilization of present-day models without deformations. Thus, the
name “island arc” applied to the calc-alkaline magmatism is wholly inconsistent
with the sialic plate subduction.

If we try to account for this contradiction, we come to question on the
Upper Jurassic age of the calc-alkaline magmatites. In case a younger age (Cre-
taceous) is accepted, we should approve of a model according to which the
island arc had been generated by ocean crust subduction, following thus the
views of global tectonics. '

The presence of an erosional period which marked the genesis of the
ophiolitic complex from the beginning of the calc-alkaline magmatic activity,
would plead, indirectly and partly, for the younger age of the latter.

H. Savu: As we have already mentioned, the island arc volcanics of the
Mures Zone are no doubt of Upper Jurassic age.

As regards the utilization of present-day models of global tectonics — which
are more concepts — for the elucidation of the calc-alkaline volcanism occurring
along two island arcs lying on the borders of the Mures Zone, we note that
there is no contradiction at all even if they seem to be changed ; at present
the nomthern and southern sialic plates sink below the ophiolitic mass of the
Mures Zone, just like the East European plate sinks under the East Carpathians
during the subduction process. Here too, the underthrusting of the two sialic
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plates could have been preceded by the subduction of a part of the Mures
QOcean crust.

These aspects were also commented upon in 1980 ; now we mention once
more that, besides the geological and geophysical data, there are no additional
proofs to support our hypotheses. The thorough explanation of these processes
will be given in a paper at the 12th CBGA Congress, Bucharest, 1981, (This
paper has been published in An. Inst. geol. geofiz. vol. LXI, p. 253-262,
Bucharest, 1983).

EXPLANATION OF PLATES

Plate II

Fig. 1. — Section through a pillow lava which exhibits a hyalobasalt border,
a few centimeters thick, and an inner structure characteristic of an
amygdaloidal porphyritic basalt, the amygdales of which show zonal dis-
tribution ; their size varies from one zone to another. Almas Saliste Valley.

Fig. 2. — Detail of the inner structure of an amygdaloidal porphyritic basalt
pillow lava. Almag Siliste Valley.

Plate III

Fig. 1. — Basalt with olivine, replaced by secondary minerals. Castanescu Brook,
Nie. |}, < 60.

Fig. 2. — Basalt with plagioclase phenocrysts. Springs of the Danulesti Valley.
Nie. | X 55.

Fig. 3. — Basalt with augite phenocrysts from a vein which crosses the gabbros
on the Scaiu Brook. Nic. ||, X 60.

Fig. 4. — Basalt with plagioclase phenocrysts, twinned according to albite and

pericline law., Springs of the Danulesti Valley. Nic+-, X 55.

Plate IV

Fig. 1. — Porphyritic structure of island arc basalts, which show a groundmass,
usually with flow texture. Springs of the Danulesti Valley. Nic |, X 20.
boles. Paroasa, Nic. ||, > 60.

Fig. 3. — Andesite with plagioclase phenocrysts with zonal structure and amphi-
boles. Paroasa, Nic. {[, X 60.
I'ig. 4. — Andesite with amphibole phenocrysts, which exhibits a reaction aureole,

in which the hornblende is replaced by fine magnetite and plagioclase
crystals. Springs of the Danulesti Valley. Nic, [, X 25.
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1. MINERALOGIE — PETROLOGIE — GEOCHIMIE

—

PETROLOGIA ROCILOR MAGMATICE

PETROLOGICAL AND GEOCHEMICAL STUDY
OF THE VEIN ROCKS
IN THE SINCA NOUA-POIANA MARULUI-HOLBAV AREA
(FAGARAS MOUNTAINS)?

BY
HARALAMBIE SAVU? VASILICA NEACSU? IRINA BRATOSIN?

Vein rocks. Alkaline rocks, Miyaskites. Agpuaites. Liassic. Petrologic processes.
Petrochemistry. Tectonic control. Faults. “Withinplate” magmatism. South
Carpathians. Crystalline Getic Domain. Fagdras Mts.

Sommaire

L’étude pétrologique et géochimique des roches
filoniennes de la région Sinca Noud-Poiana Marului-
Holbav (monts Féagaras). Les roches éruptives liasiques constituent
de nombreux filons et dykes qui traversent les schistes cristallins dalslandiens
de lextrémité nord-est des monts Fégiras. Les corps sont orientés différemment,
la plupart d’entre eux étant paralleéles ou subparalleles & la faille Valea Lupului.
Les roches éruptives sont divisées en deux groupes caraoctéristiques — mélano-
crates et lsucocrates — constituant ensemble une province pétrologique aicaline,
qui présente des tendances vers les roches calco-alcalines et subalcalines. Chaque
groupe de roches présente ses traits pétrologiques et géochimiques caractéristiques.
i.es roches mélanocrates appartiennent au groupe des roches miyaskitiques, tandis
que les roches leucocrates appartiennent au groupe des roches agpaitiques. Les
premiéres sont provenues des magmas simatiques, formés dans le manteau supé-
rieur et les autres se sont formées des magmas résultés des matériaux sialiques
fondus. Cette province alcaline s’est formée dans les conditions de manifestation
d'un magmatisme de type ,intraplague* continentale, dont les magmas ont tra-
versé la Microplaque Transylvaine, dans sa partie orientale. Le magmatisme qui
I'a générée est subséquent aux mouvements kKimmeériens anciens. De pauvres miné-
ralisations de sulfures complexes s'associent aux roches éruptives filoniennes
de cette province pétrologique.

! Received on 17 April, 1981, accepted for publication on 18 May 1981,

presented in the session on 29 April 1981,
2 Institutul de geologie si geofizicd, str. Caransebes 1, 78344 Bucuresti 32.
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Introduction

The region in which the studied vein rocks occur lies in the
northern part of the zone known as Tara Birselor. It comprises the
northeasternmost part of the Fagiras Mountains, between Sinca Noud,
Poiana Marului and Holbav, and the southwestern part of the Cedlea
Basin.

The previous knowledges were not enough for an exact classifica-
tion, in petrologic and geotectonic respect, of the rocks from this
magmatic province (Manilici, 1956 ; Savu, 1968 ; Savu, 1980); it de-
termined us to elaborate the present study in the years 1980-1981.

The geological researches on that region commanced in the last
century, but they referred particularly to the crystalline schists. The
first written observations on the eruptive rocks, which constitute the
object of our study as well, are due to Meschenddrfer (1860), who
pointed out the Birsa Fierului granitoid body and some veins of por-
phyric rocks at Sinca Noud, occurring in association with weak mine-
ralizations. Different veins of Mesozoic eruptive rocks have been re-
ported later on by Reinhard (1910), Wachner (1915), and Schmidt (1930).

A complex petrographical and petrochemical study on the eruptive
rocks from that region has been elaborated by Manilici (1956). In 1963,
Manilici and Vilceanu studied the volcanics intercalated and included
in the Liass sedimentary deposits in the Codlea Basin. They ascertained
that the rocks are similar to the veins in the Sinca Noud-Poiana Maru-
lui area. On the basis of such considerations the mentioned authors
established the age of the eruptions at the Liass level. They specified
that, in the Codlea Basin, the eruptions began with acid rocks, leuco-
crates — e.g. quartz porphyries, trachytes and bostonites — and ended
with basic rocks, such as porphyrites and basalts. 3

In 1971, Savu and Schuster, who studied the crystalline schists
of the Cumpina and Fagiras series in the Sinca Noud-Poiana Marului
area, dealt also with the eruptive rock veins and described their statistic
mode of distribution. Micu (1968, 1970) carried out geological pros-
pections and made new observations on the eruptive rocks.

Distribution of the Eruptive Rock Veins.
Their Structure and Composition

The Jurassic eruptive rocks form, in the northeasternmost part
of the Fiagiras Mts, a system of veins and dykes which intrude the
crystalline schists of the Cumpéna and Fagiras series (Pl I). Likewise,
they occur as pyroclastics and lava flows or veins in the Liass deposits
at Holbav, in the Codlea Basin, east of the metamorphic fields over-
thrusting the sedimentary deposits (P1. I).

In the crystalline schists of the Figiras Mts the vein rocks are
concentrated in the area lying between Sinca Noud-Holbav-Poiana Ma-
rului and the Birsa Fierului springs. On the map one can observe that
the veins and dykes have a constant distribution up to the northern
margin of the map ; it makes us consider that they might continue
farther to the north, beneath the more recent sedimentary deposits,
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towards the Persani Mts, where similar eruptions occur (Szentpetery,
1910 ; Cioflica et al., 1965), and farther away in the East Carpathians.

However, to the west, according to Manilici {(1956) and Savu and
Schuster (1971) as well as to our researches, they gradually disappear,
so that along the Fagiras Mts veins of Mesozoic basic rocks are found
very rarely and they disappear completely in the other parts of the
South Carpathians, except the Lotru Mts where two such veins are known.

As regards the frequency of different types of vein rocks in the
region, it may be ascertained (as shown on-the annexed map on which
about 400 veins are represented) that they occur, as follows : bostonites
and trachytes 54% ; camptonites 28.5%,; syenitic porphyries 8.5% ;
- basic rocks 8.29 ; rhyolites (quartz porphyries) 29%,.

After the Dalslandian movements, when the crystalline schists of
"two series of crystalline rocks were metamorphosed, numerous tectonic
movements took place in that region which determined the formation
of several fault planes, beside the Precambrian fissures and faults. The
magma coming from the depth percolated as veins and dykes both on
the more recent fractures and on the older Dalslandian fissures. These
veins have thicknesses from 1-2 m up to some meftres, and their length
is variable ; they become narrow until they disappear and then occur
again farther on. For this reason the region on the whole consists of
a network of such veins, the inter-vein spaces of which are filled
with crystalline schists (Savu, Schuster, 1971 — Fig. 8).

On the statistic diagram the vein rocks are grouped in several
tields, which correspond to several systems of fractures or open faults
along which they have been emplaced. Some more important systems
can be observed : (1) a main system trending to N16°E/60°S, conjugated
with (2) another one trending to NI16°E/75°N ; (3) a system striking
to N54°E/50°S. These systems are correlated with the position of the
Valea Lupului Fault (Savu and Schuster, 1971). Other two systems
{4 and 5) have different positions, e.g. N76°W/55°S and N60°W/50°N
{Savu, Schuster, 1971 — Fig. 9).

As regards the structure of the veins, it is observed that they
are generally simple, in places having on the margins a rapid cooling
(chilled) zone with an aphanitic structure. On the Holbav Valley a
composite dyke occurs, formed of different types of rocks: a part of
the vein is represented by rhyolite (quartz porphyry) and the other
one by camptonite (Fig. 1). It indicates that the two veins occurred
successively in the same area.

Some of the dykes have a brecciated structure due to deformation
processes subsequent to the emplacement of the bodies of eruptive rocks.

Besides veins and dykes there also occur granitoid or syenitic
rock bodies or apophyses, such as the main body on the Birsa Fierului
Valley. The former researchers considered the body older. Its structural
features and the petrographic composition indicate its appurtenance to
the Liassic rocks. The emplacement of the granitoid body seems to
have taken place during the intrusion of the rocks from the leuco-
cratic series, because on the Birsa Fierului Valley it interrupts the

13 — c. 239
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bostonite vein occurring near the confluence of the Bolovinis Brook
with the mentioned valley.

On the map the granitoid body has a more sinuous shape (Pl 1) ;
however, it has a dyke structure with a ENE-WSW striking, strongly
dipping to SSE. Ifs position approximately unconformable as against
the trending of most of the veins of eruptive rocks is still obscure. The
structure of the body is very heterogeneous, being represented by
granitic rocks, quartz syenites, quartz diorites, and syenodiorites. The
last ones are to be found on the Birsa Fierului Valley, near the southern

Fig. 1. — A composite dyke form-
ed of rhyolite (quartz porphyry)
(1) and camptonite (2), which in-
trudes the crystalline schists (3).

contact where a more basic, meladioritic facies appears, as well. The
granitoid body unconformably intrudes the crystalline schists, meta-
morphosed by it at the contact, in the facies of the albite-epidote
hornfelses (Turner, Verhoogen, 1961). It occurs in association with
apophyses spread on its margins (Pl I).

Petrography

The vein rocks occur everywhere in the region and have different
compositions. Taking into account the specification made by Manilici
and Vilceanu (1963) on the succession of the eruptions in the Codlea
Basin ~— a succession of magmatic manifestations that characterize some
provinces of “withinplate” volcanics — we shall describe the rocks in
the following order : rhyolites (quartz rhyolites), trachytes (orthophyre),
bostonites, syenitic porphyries, quartz syenites, camptonites, basalts, and
dolerites.

1. Rhyolites (quartz porphyries). As compared to other leucocrate
rocks, the rhyolite veins are in the minority. They are to be found at
the confluence of the Stimbav Brook with the Holbav Valley as well
as on the Gherdana and Vulcdnita brooks. The rocks have a porphyric
structure, represented by a groundmass consisting of quartz, feldspars
and fine chlorite lamellas formed on account of the biotite. Phenocrysts

of quartz, albite and anorthose occur in the groundmass. The quartz
phenocrysts are idiomorphous, bipyramidal and have a hexagonal sec-
tion ; they are in places corroded by magma on the margins. Plagio-
clase (An 5-8) forms elongated phenocrysts twinned according to the
law of albite and pericline. Anorthose occurs as isometric or slightly
elongated crystals ; in places it is poorly albitized.
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2. Trachytes (== paleotrachytes=orthophyres). These rocks are
spread in the whole region, the most characteristic ones being found
on the Holbav Valley, Lupu Valley, Stimbav Valley, Birsa Fierului
Valley, etc. They are halocrystalline, leucocrate rocks, usually with
fluidal texture, and are formed mainly (>75%) of a groundmass con-
sisting of anorthose and albite crystals oriented in the direction of
the magma flow in the restricted area of the vein. In this groundmass
feldspar phenocrysts and melanocrate minerals (biotite) replaced by
chlorite can be observed.

The anorthose phenocrysts are usually slightly elongated and are

criented according to the fluidal texture. . On the margins they are
replaced by low-temperature, fine-twinned albite. The biotite has the
following paleochroism : Ng and Nm == green-olive brown; Np =
= yellowish-slightly brownish.
) Usually the feldspar crystals are bent, but not broken, due to
‘their increase during the magma flow in the vein space. At some rocks
it is observed that the replacement of the phenocrysts of anorthose
‘with fine-twinned albite takes place only on the margins, while their
inner part has an antiperthitic structure. In other rocks there occur
yuite elongated apatite crystals and magnetite grains larger than the
feldspathie crystals from the rock groundmass.

3. Quartz bostonites. These are rocks with a “bostonitic” structure,
generally divergent, more seldom radially or with fluidal tendency.
They consist of a groundmass mostly wepresented (%80%;) by albite
.and anorthose, occurring as panidiomorphous crystals, in which pheno-
crysts of the same origin are floating. Albite appears as idiomorphous
crystals, polysynthetically twinned according to the albite and albite-
Karlsbad law. Both the alblite phenocrysts and the anorthose pheno-
crysts are usually turbid. Xenomorphous quartz is often found in the
interstices between the idiomorphous feldspar crystals. Fine lamellae
of biotite, represented by a brown—olive-green variety, are found in
places. Biotite is usually replaced by pennine, a fine powder of iron
oxides and titanium being separated. In some bostonites there are
ilmenite crystals (0.5 mm long) which as compared to the fine gra-
nulation of the groundmass occur as phenocrysts.

Feldspar phenocrysts are represented by albite and anorthose,
the latter being often twinned after Karlsbad law. In some cases calcite
masses, which replace a feldspar phenocryst, are spread in the rock
groundmass.

4, Syenitic porphyries. They are leucocratic rocks, which contain
‘more than 709, feldspars, and have a porphyric structure being formed
of a hypidiomorphous, fine-grained groundmass in which phenocrysts
of potash feldspar and albite are floating. The groundmass consists of
albite and potash feldspar beside fine lamellae of chlorite formed- on
account of a green-brownish biotite and in places interstitial xeno-
morphous quartz. The potash feldspar phenocrysts are turbid and have
a microperthitic structure ; on the margins they are replaced by fine-
twinned albite, The most characteristic syenitic porphyry vein is apt
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to be found on the Holbav Valley, nearby its confluence with the
Poiana Mirului Brook. In this vein one can observe anorthose pheno-
crysts with a rhombic section and an antiperthitic structure ; they are
partly filled with sericite and have been weakly albitized on the mar-
gins. The groundmass of such rocks is also constituted of potash feld-
spar — partly sericitized — albite, a little quartz and lamellae of
secondary chlorite. The calcite patches occur in the rock here and there.

5. Quartz syenites. They are fine-grained, aplite-like rocks with
a hypidiomorphous-grainy structure. The quartz syenites consist of
albite, potash feldspar, green-olive biotite partly replaced by chlorite.
They form veins in the northern part of the region.

Most of the feldspars, which prevail in the rock, are represented
by albite (Ang-1p) occurring as hypidiomorphous crystals usually poly-
synthetically twinned. In a syenite on the Stimbav Valley the albite is
broken and deformed along crushing planes on which the feldspar
twins are bent, As the other syenites, the mentioned rock contains also
a little quartz (<<5%;), a mineral which, in the zones where the albite
is deformed, has a rolling extinction. Potash feldspar is usually xeno-
morphous, filling the interstices of the plagioclase crystals; it is also
turbid. Its structure is microperthitic, sometimes passing to the spindle-
shaped twin lamellae, typical of the microcline, and is hardly wisible
under the microscope. The melanocrate mineral is a chlorite which
includes fine powder of secondary iron and titanium oxides; it was
formed on account of a brown-reddish or green-olive biotite, still pre-
served as relics in some chlorite lamellae. Fine monazite and magnetite
crystals occur in the rock, as well.

. Rocks with tendencies to quartz syenites are also found as sepa-
rations in the granitoid body on the Birsa Fierului Valley.

6. Camptonites. They are basic vein rocks, consisting of plagio-
clase, augite, brown hornblende, and biotite. According to their com-
position they have been separated into : (a) barkevikite-bearing campto-
nites, (b) biotite-bearing camptonites and (¢) camptonites with uncertain
position.

(a) The barkevikite-bearing camptonites have a divergent-porphyritic
structure, given by the elongated crystals of plagioclase and barke-
vikitic hornblende, which form a groundmass in which augite pheno-
crysts are observed in places. An oriented — flow — texture occurs
in places on the margins of some veins on the Mesteacdn and Ruda
Mare brooks. In fresh rocks plagioclase (Ansg) appears as elongated
crystals twinned after the albite and albite-Karlsbad law. Partly, and
particularly in the interior, these crystals are weakly sericitized. Plagio-
clase is usually decalcified-albitized or partly or totally sericitized. In
such cases, a secondary amphibole appears, which fills the intrestices
of the plagioclase and barkevikite crystals or forms patches or pseudo-
morphoses after an initial, melanocrate mineral, probably an augite.
The latter is found also as fresh crystals in the rocks on Valea Lungi,
wherein it forms fine crystals or phenocrysts. The phenocrysts are
sometimes altered only on the margins or on small portions inside
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them, in which pyroxene is replaced by barkevikite or chlorite ; in the
latter case fine grains of secondary iron oxides are separated. In such
rocks plagioclase is altered, too, being mostly sericitized ; it is preserved
only as relics in the sericite pseudomorphoses. .

In camptonite one can observe calcite patches, with about circular
section, which indicates that this mineral replaced an isometric augite
crystal. Other pseudomorphoses are formed of pennine on the margins
and calcite in the interior. Very thin and elongated apatite crystals
are found in some rocks.

(b) Biotite-bearing camptonites. In structural respect they are
rocks of transition between dolerites and intergranular basalts and
camptonites. As regarids the composition they are similar to camptonites,
being formed of a network of plagioclase laths divergently arranged
in the interstices of which xenomorphous, more rarely idiomorphous
crystals of clinopyroxene altered into chlorite and numerous idio-
morphous crystals of magnetite develop. The plagioclase crystals (Ansy)
are strongly elongated and twinned after the albite law. Here and there
pseudomorphoses of chlorite after a melanocrate mineral occur, the
diameter of which is of 0.5 mm. Biotite occurs as very elongated lamellae
included in plagioclase. Its pleochroism is, as follows : Ng=Nm = dark
brown ; Np = yellowish-brownish. Considering that the other melano-
crate mineral is altered, it seems that the biotite lamellae, which are
fresh, were formed concomitantly or subsequent to the alteration of
that mineral.

(c) Here we point out a vein of basic rock on the Lupu Valley,
which has a divergent-porphyritic structure and consists of a fabric of
crystals of barkevikite hornblende, phenocrysts of titaniferous augite
with a strong zonary structure and phenocrysts of olivine replaced by
secondary minerals included in a sericitous groundmass resulting from
the alteration of a primary mineral. In this groundmass isometric, poly-
gonal forms can be delimited, which seem to indicate a mineral of the
cubic system. It is possible that this mineral might have been an
analcime and in this case the rock could be a teschenite or a mugearite.
The other minerals of the rock are similar to those from camptonites.

The barkevikitic hornblende appears as thin and strongly elongated
crystals, sometimes twinned after 100, with the following pleochroism :
Ng = dark brown ; Nm == brown-reddish ; Np = yellowish-brownish ;
¢A Ng = 11-13°. The titaniferous augite forms isometric or slightly
elongated crystals. They have a characteristic zonary structure more
clearly shown in the crossed polarizing prisms. The inner part of these
crystals is usually colourless, and the marginal zones have a slight
brown colour. The olivine phenocrysts are replaced by idingsite, a fine
powder of secondary iron oxides being separated. Sometimes these
pseudomorphoses indicate idiomorphous forms of olivine, a mineral
which has not been found fresh.

7. Basalts (diabases). These are aphanitic rocks found on the Iezer
Brook and especially in the basin of the Poiana Marului Valley. The
basalts have an intergranular, more rarely wvariolitic structure, and
consist of partly sericitized plagioclase laths, divergently or radially
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arranged, strongly elongated and twinned after the albite law. Larger
plagioclase crystals, sometimes like phenocrysts, are found in places.
The interstices of the network of plagioclase crystals are filled with a
groundmass constituted of sericite and fine crystals of magnetite or
augite, mostly altered into chlorite. The rocks are pierced by calcite
veinlets. In a rock on the lezer Brook augite is mostly preserved fresh,
although plagioclase is sericitized and decalcified under. the influence
of postmagmatic solutions.

8. Quartz dolerites, The most characteristic rocks of this group
appear on the Bardas Brook, tributary of the Masa Mare Valley. The
granulation of these rocks is a little larger than that of the basalts
and consists of plagioclase, titaniferous augite, quartz, magnetite and
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Fe,0, 3.21) 2.24] 2.77{ 1.52] 3.27) 2.39] 4.40] 1.57| 5.18} 5.46! 0.2
FeO 8.36] 8.81| 6.42f 8.351 7.04] 7.30] 5.60| 7.49| 6.18] 6.61] 7.5
MnO 0.09f 0.13] 0.17¢ 0.09| 0.17) 0.16; 0.16] 0.15] 0.15 0.22{ 0.1
MgO 9.57] 9.98 8.61 7.46! 6.65/ 6.29; 5.18 6.63] 4.58 4.29| 2.0
CaO 11.05) 11.23} 8.87] 10.02] 8.98{ 7.96{ 7.59] 8.57] 7.94] 6.97| 7.5
Na,0 3.40] 3.127 2.74] 5.89] 4.49] 3.471 4.04) 3.71) 4.16{ 4.17{ 6.2
K,0 2.09f 0.49] 3.46; 0.33| 0.64 1.79; 2.6¢ 1.62y 2.07] 1.28] 2.2
TiO, 8.35 2.79] 2.65; 2.00] 3.26] 1.93| 2.04] 1.98, 3.48] 3.88| 1.5
P,05 0.14] traces| 0.84) 0.15; 0.44] 0.45} 0.60] 0.42] 0.88] 1.09{ 0.1
CO, 2.861 2.37| 2.39) 0.40] 2.27; 2.68] 1.94] 1.83] — — 0.4
S 0.33] 0.20; 0.22[ 0.05] 0.19! 0.23] 0.21} 0.33] 0.14] 0.16] —
Fe(S) — — 0.190 —- | 0.16[ 0.20] 0.18] 0.29] 0.12] 0.14] —
H, 0™ 0.48/ 0.34 — 0.12f — — — — — — 0.2
H,0* 2.02f 2.39] 3.06) 0.81] 3.05] 3.92] 2.82| 2.85 2.45{ 2.95] 1.0
Total 100.27{100.05] 99.54{100.57| 99.46] 99.44} 99.53{100.36] 99.45] 99.43{100.1

Na,0+K,0
= 0.45| 0.35 0.54{ 0.33] 0.56{ 0.48] 0.58/ 0.50] 0.63] 0.56] 0.5
Al 0,
1= A0 TNaO |y 65l 467 4.73| 6.61] 3.03 6.32| 4.00] 6.07 2.05 2.62| 10.3
TiO,
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secondary minerals. Plagioclase forms elongated crystals with irregular
margins. It is altered — turbid. Some larger crystals (phenocrysts) are
strongly sericitized ; in this case sericite forms a compact mass, within
which patches of epidote grains can be separated in places. The smaller
plagioclase crystals are often albitized. In places an albite aureole
occurs a