CENTRALA — DEPARTAMENT § 0 [ |
A GEOLOGIEI
INSTITUTUL DE GEOLOGIE § |
SI GEOFIZICA | B

.G

A

w

BARI DE SEAMA
se SEDINTELOR

COMPTES RENDUS
DES SEANCES

o]

'R

BUCURESTI
ROMANIA

l ms]g?l?tu] Geologic al Romaniei

-



Coperta : Cristian Yasile

f\ Institutul Geologic al Romaniei
IGR.



CENTRALA — DEPARTAMENT A GEOLOGIE!
INSTITUTUL DE GEOLOGIE SI GEOFIZICA

DARI DE SEAMA

ALE
SEDINTELOR

VOL. 74
(1987)

2. ZACAMINTE — GEOCHIMIE

BUCUREST!
1689



CENTRALE — DEPARTEMENT DE LA GEOLOGIE
INSTITUT DE GEOLOGIE ET DE GEOPHYSIQUE

COMPTES RENDUS

DES
SEANCES
TOME 74
(1987)

2. GITOLOGIE — GEOCHIMIE

BUCAREST
ROUMANIE
1989



CUPRINS

1JAndar P., Popa, N. Gh. Cerccldri geochimice asupra formaliunilor metamorfice
din dxsluclul mctalogenelic Balan-Belcina, Carpalii Oricntali
Geochemical investigations on metamorphic formations from Bélan- Belcma
metallogenetic district, East Carpathians (Summary) . . I .
2. Gridan T., Hann H. P., Dumitraseu G. La géochimic de la formahon de Suru
(Monls Figaras) .
Geochimia formatiunii de Suru (MunUl Fagaras) (Remmat) ..
3. Krautncr G. H. Depositional models for the stratiform base metal and pyrite
ore deposits of the East Carpathians 2 o 55 0 0 o omb
Modele depozificnale peniru acumuldrile stlatn’ormc dc piritd si minercuri
o polimetalicef din Carpatii Orientali (Rezumat) . .
4. Muresan M. Sur la présence dune minéralisation épigénétique de balytmc et
withérite dans les mélamorphites de la partic méridionale de la zone cris-
tallino-mésozoique des Carpates Orientales (région de Pingdrati) . .
Asupra prezentei unei mineralizail epigenetice de baritind si witherit in
metamorfitele din partea de sud a zonei cristalino-mezozoice a Carpatilor
Orientali (regiunea Pingirali) (Rezumat)
5. Pomarleanu V. Glass and Fluid Inclusions in Some, Banames from the G1]au
Mountains (Romania) . .
Incluziuni sticloase si fluide in unele banatxte dm mun;u Gllau (Romama)
(Rezumat) L e s e e
6. Runceanu M., Voicu G. Preliminary data about siderite and sulphide minerali-
sation on the Cere brook (Ciucului Mts)
Date preliminare asupra mineralizajiei de sxdent si sulrun de pe pmul Ccrc
(muntii Ciucului) (Rezumat) 3
7. Tatu M., Robu L. Petrochemical characteruatmn of metamorphlcs from Lcaota
group 5 ga o o . ..
Caracterizarea petrochlmxca a metamorhte]or rrrupulm Icaota (Rezumat)
8. Ticleanu N., Bifoianu C., Muntiu O., Naga} FlL Paleofitocenozele carbogenera-
toare, petrografia si chimismul litotipilor din edrbunii plioceni dintre valea
Jiului si valea Amaradici
Coal-generating paleophytocoenosesj petrography and ehemlslry of htho-
types from Pliocene coals between Jiul -Valley and Amaradia Valley
(Summary)

Pag.

16

19
45

47

66

69

78

81

87

39

97

99

114

115

128

’



i Institutul Geologic al Romaniei
IGR:



D.S. Inst. Geol. Geofiz., vol. 74/2(1987), 1989, pag. 5—17
2. ZACAMINTE— GEOCHIMIE

CERCETARI GEOCHIMICE ASUPRA FORMATIUNILOR META-
MORFICE DIN DISTRICTUL METALOGENETIC BALAN-BELCINA,
CARPATII ORIENTALI?

de

PETRE ANDAR 2, GHEORGHE N. POPA ¢

Metamorphic rocks. Slraligraphic; units. Geochemistry. Minor elemenls. Slalislical dis-
fribution. Correlation. East Carpathians -- Crystalline-Mesozoic Zone — Héghimas Mls.

-

Abstract

freochemical invesligations on melarhorphic formalions from Bdlan-Belcina metallogenelic
disirict, East Carpathians. There have been statistically processed contents of minor elements
of more than 3000 samples {rom metamorphic formations of Bilan-Belcina metallogenetic dis-
trict. Most of chemical analysed elements have a lognormal statistical distribution. Average
contents of most of chemical elements vary both with lithostratigraphical horizon and with petro-
graphical type. Excepting Co, Niand €r, there is a low frequency of correlation among contents
of minor elements in petrographical tyvpes. &

Reésumé

" Etudes géochimiques des formations mélamorplhiques du disirict mélallogénétique de Balan-
Belcina, Carpales Orientales. On a fait I'analyse statistique des teneurs en éléments mineurs
plus de 3000 échantillons prélevés des formations métamorphiques du district métallogénétique
de Balan-Relcina. La plupart des ¢léments chimi(iues analysés présente une distributlion sta-
tistique loguormale. Les teneurs moyennes en éléments chimiques sont diliérentes par rapport.
& Phorizon lithostratigraphique et au type pétrographique. A Pexception de Co, Ni et Cr, on
note une Iréquence diminuée des corrélations entre ies teneurs en éléments wineurs des diffé-
rents types pétrochimiques.

5 . —
1 Depusa la 24 aprilie 1987, acceptatd pentru comunicare si publicare la 15 mai 1987,
comunicati in sedinta din 3 junie 1987. .

2 Institutul de-Geologic si Geofizicd, str. Caransebes 1, R 79678, Bucuresti, 32.
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‘Introduecere

Cercetdrile geochimice intreprinse de autori asupra formatiunilor
metamorfice interceptate de lucrdri miniere si foraje din districtul meta-~
logenetic Balan-Belcina se referd la perimetrul delimitat la nord de piriul
Belcma iar la sud de piriul Sedloca.

Cercetarl geologice cu privire la corelarea litostratigrafici a forma-
{iunilor metamor flce din perimetru au fost efectuate de Murewn s1 Mure-
san (1972), Krdutner si Popa (1973), Popa (1973, 1981, 1982).

Studii asupra geochimiei zicimintului Bilan au fost efectuate de
Krdutner et al. (1970). De asemenea, in regiune s-au efectnat cercetari
geochimice de Jakab si Petér (1974), Dudnic et al. (1982), Kovari si Gireada
(1983). Sabliovschi et al. (1982) efectueazi cercetiri biogeochimice in zona
izvoarelor Oltului.

Corelarea litostratigrafici a formatiunilor traversate de lucririle
miniere si foraje cu datele de geochimie si geofizicd de sondd a fost efec-
tuatid de Popa (1983, 1984, 1985). Popa et al. (1986) efectueazd un studiu
preliminar litostratigrafic, geochimic si geofizic asupra formafiunilor
seriei de Tulghes traversate de foraje.

Consideratii asupra litostratigrafici formatiunilor metamorfice tra-
versate de foraje silueriri miniere

Formagtiunile metamorfice care au constituit obiectul lucrdrii apar-
{in la doud serii metamorfice si anume :

Seria de Bretila — Rardu. Aceasta a constituit numai intr-o mich
masurd obiectul cercetdrilor noastre. Din punct de vedere petrografic for-
matiunile seriel de Bretila — Rariu sint alcituite din sisturi mezometa-
morfice §i anume : micagisturi eu muscovit si biotit -+ @ranatgl -+ digemi-
natii de piritd (Pl. I).

Seria de Tulghes. Formatiunile epimetamorfice ale seriei de Tulghes
au constituit obiectul principal al cercetdrilor noastre. Din punct de vedere
litostla,tioraﬁc, sisturile epimetamorfice interceptate de lucririle miniere
i forajele cercetate aparfin ulmatoarelor complexe gi orizonturi litostra-
twraf_lce :

Complexul Tg,.

Orizontul Voroc Tg,s; Este constltult predominant dintr-o alter-
nantd de sisturi sericito-grafitoase si sisturi grafitoase cu yisturi sericito-
cloritoase si sisturi cloritoase -+ cuartfite negre 4 metatufuri si metatufite
acide.

Complexul Tg,.

In cadrul complexului Tg, lucridrile miniere i forajele cercetate au
traversat urmitoarele orizonturi litostratigrafice :

Orizontul Bdlan Tg,, Din punct de vedere petrografic orizontul
Bilan este alcituit dintr-o alternantd de sisturi sericito-cloritoase. cu gis-
turi sericitoase gi sisturi cloritoase 4 metatufuri §i metatufite acide -
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cuartite negre 4 sistmi grafitoase (P1. I, II). Sisturile grafitoase apar intr-o
proporfie mult mai mare in partea nordicf a perimetrului. La diverse
nivele in cadrul orizontului B#lan au fost interceptate mineralizatii sin-
genetice de sulfuri complexe (predominant piritd + caleopiritd, blenda,
galeni).

Orizontul metaconglomeratelor cuarto-feldspatice si al metatufurilor
acide de Balan T'g, ,. Din punct de vedere petrografic, pe lings formatiunile
amintite, in cadrul acestul orizont mai apar sub formii de interealatii
diverse tipuri petrografice intilnite §i in celelalte orizonturi litostratigra-
fice ale seriei de Tulghes. Sporadic, in cadrul orizantului, apar si acunmliri
de sulfuri complexe (Pl. IT).

Orizontul Valea Bdilor 1'gy,. Din punct de vedere petrografic, ori-
zontul Valea Biilor este alcdtuit predominant din sisturi sericito-clori-
toase i sisturi sericitoase. De asemenea, in cadrul orizontului sint prezente
1ntezcala§n 1 ale altor tipuri petrooraflce In cadrul acestui orizont lucra-

rile executate au inter ceptat sporadic acumuliri de sulfuri complexe (Pl
1, ). .

Consideratii asupra geochimiei formatiunilor metamorfice

In vederea obtinerii unor protfile geochimice prin formatiunile tra-
versa‘te de foraJe si galeria 36 au fost efectuate probirila intervale cuprinse
intre 1 si 5 m (PL. I 11). In zonele cu piritiziri sau cu mineralizatii de sul-
furi comple\e s-au recoltat probe la intervale mai mici. Probe la intervale
mai mici s-au prelevat si in cazul schimbérilor litologice.

Probele au fost recoltate cu preciidere din orizonturile Valea Béailor
i Bilan avindu-se in vedere faptul ¢i mineralizatiile de sulfuri complexe
cu perspectivi economich sint localizate in acestea. Probele prelevate au
fost analizate semicantitativ prin metode spectrogratice la 1.P.G.G. pentru
urmitoarele elemente chimice: Cu, Pb, Zn, Ag, Mo, B, As, Sn, Sb, Mn,
V, Cr, Co, Ni, Cd, W, Ge, Bi, Ba si Hg Tn dlaoramele erchnmce,
preeum $i In pI’ethl"d:I‘lle statlstlce au fost luate in consideratic numai
Cu, Pb, 7m, Ag, Mo, B, As, Sn, Mn, V, Cr, Co si Ni, celelalte elemente
situindu—se sub limita de deteog;ie sau fiind determinate intr-un numir
redus de probe.

Pentru stabilirea modului in care variazd continuturile elementelor
chimice in cadrul formatiunilor metamorfice s-au intoemit profile geochi-
mice pentru toate lucrdrile miniere si forajele cercetate.

Variatia con\;lnuturllox elementelor chimice in cadrul orizoniurilor
litostratigrafice arat# ci in unele cazuri acestea nu prezinté variail in-
semnate in functie de orizontul litostratigrafic si tipul petrografic, pe cind
in alte cazuri, continuturile elementelor chlmlee cresc sau scad in functie
de orizontul litostr atierafic traversat. Acest fapt este bine ilustrat de pro-
filele geochimice ale fora]elor 533, 506 si 554 din perimetrele Pingarafi
si Medlas Dupi cum se observi dln plansele I i IT; continuturile elemen-
telor chimice analizate cresc mult in orizontul Balan indiferent de consti-
tutia litologici a acestuia. In orizontul metaconglomeratelor cuarfo-felds-
pa tice sial metatutul ilor acide de Balan con‘pmuturlle elementelor chimice
scad evident in comparatie cu cele dln orizontul Valea Biilor. Continuturile
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de mangan si staniu nu prezintd insd nici o variatie odaté cu trecerea de 1a
un orizont litostratigrafic la altul.

Repartitia celor 3183 de probe analizate (Popa, 1981; Popa, Sabliov-
schi, 1982 ; Dudnic et al., 1982) pe perimetre si orizonturi litostratigrafice
este urmatoarea : :

Perimetrul o Orizontul litostratigrafic v
Pingirati 13 Seria Bretila-Rariu 4
Mediasg 13  Orizontul Valea Béilor 57
~Fagul Oltului 9 Orizontul metaconglomeratelor Balan 13
Bilan central 36 Orizontul Bilan 22
Ol sud 13 Orizontul Voroc 4

In vederea cunoasterii mai aprofundate a caracterelor geochimice ale
formatiunilor geologice interceptate prin foraje si lucriri miniere, datele
analitice au fost prelucrate automat folosind metode statistice. Pentru
a surprinde eventualele deosebiri in comportarea geochimicéd a elementelor
chimice analizate, prelucrarea fondului de date a fost efectnati pe ori-
zonturi litostratigrafice si .tipuri petrografice stabilite in cadrul zonei
cercetate.

Orizonturi litostratigrafice

Stabilirea tipului de distributie statistica a continuturilor elementelor
chimice s-a efectuat atit prin metode grafice (histograme de repartitie),
cit si prin metode cantitative numerice, metoda momentelor (Ianoviei,
Dimitrin, 1965).

Histogramele de repartitie (P1. IIT), construite in scard logaritmicd,
sugereazi o distributie statisticd lognormald pentru marea majoritate a
elementelor chimice analizate, fapt confirmat si de valorile numerice ale
asimetriel si excesului obfinute prin testul cantitativ. Singurele elemente
chimice a ciror distributie statisticd se abate mult de la legile testate (nor-
mald 81 lognormald) sint molibdenul si argintul, pentru care histogrameie de
repartitie indied o asimetrie de stinga pronuntati sugerind o distributie
in form# de ,,J”’, distributie caracteristied elementelor cu continuturi foarte
scazute.

Caracterul unimodal al histogramelor de frecventd ilustreazi, cu
efteva exceptii, omogenitatea colectivititilor de date. Caracterul bimodal
al histogramelor de repartitie a continuturilor unor elemente chimice se
datoreazd in mare parte constitutiei petrogratice diferite a orizonturilox
litostratigrafice. ,

Datoritd faptului cd majoritatea elementelor chimice analizate pre-
zintd o distributie statistici lognormalé sau o tendintd evidentd spre acest
tip de distiibutie, in tabelul 1 sint prezentati numai parametri statistiel
pentru distributia lognormald (amplitudinea de impristiere, Xpyu, Nuax }

mediana, Me ; media ‘ITI‘; abaterea standard, S ; coeficientul de variatie V).
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TABELUL 1

Paramelrii ‘dislribuliei slalistice a confinuturilor elemenlelor minore din orizonlurile slraligrafice
Element Orizont stratigrafic Xomin | Xmaz Me X S v
1 2 3 4 5 6 7 8
Bretila-Rarau 5 150 25 32 26 82
Valea Bdilor 2 3.000 25 45 77 148
Cu Metaconglomerate Balan 5 1.000 20 32 40 124
RBilan 3 10.000 30 97 229 278
Voroc &) 10.000 30 77 155 2000
Bretila-Rarau 10 300 25 31 22 73
Yalea Biilor 3 10.000 15 27 30 112
Pbh Metaconglomerate Balan 3 2.000 15 23 19 83
Bilan 2 10.000 15 27 30 1113
" Voroc 10 3.000 ‘15 27 30 110
Bretila-Rariu 50 3.000 | 70 | 96 | 56 | 59
Valea Bailor 10 10.000 70 86 48 56
Zn Metaconglomerate Balan 25 3.000 60 79 43 53
Bilan 25 10.000 80 113 84 74
Voroe 50 3.000 80 116 95 81
Bretila-Rardu 1 70 15 g 18 67
Valea Bailor 1 300 15 18 15 87
Co Metaconglomerate Bilan il 100 10 15 14 92
Bilan 1 500 15 27 34 125
Voroc 1 180 30 36 28 R0
Bretila-Rarau 3 _ 100 30 32 22 7
Valea Biilor ) 3.000 25 31 29 93
Ni Metaconglomerate Bilan 3 700 20 37 62 169
Bilan 3 1.500 30 49 58 117
Voroc 3 300 40 62 69 111
Bretila-Rardu 3 3.000 40 49 38 77
Valea Biilor 5 800 30 45 438 107
Cr Metaconglomerate Bilan " 10 3.000 50 68 72 106
Bilan 10 500 90 105 102 97
Voroc 10 1.000 50 69 59 88
Bretila-Rariu 10 Y300 | 80 | 96 | 62 | 64
Valea Bailor 10 1.000 50 62 49 79
i Metaconglomerate Bilan 10 500 50 64 54 3
Bilan 10 300 60 80 73 92
Voroe 10 300 80 101 122 121
Bretila-Rardu il 15 3 4 2 62
Valea Bailor 1 1.000 4 6 6 106
Sa Metaconglomerate Bélan 1 40 3 5 6 136
Bélan 2 200 3 4 3 14
Voroc 3 130 5 8 9 103
Bretila-Rarau 1 & 2 2 1 53
Valea Bailor 1 150 2 2 1 75
Mo Metacongomerale Bilan 1 25 2 2 1 69
Bilan 1 30 2 4 4 100
1gomc 1 5 2 2 2 61
Bretila-Rardu 0,1 0,4 0,2 0,2 0,1 47
Valea Bailor 0,1 50 9,2 0,2) 0,3 ] 124
Ag Mataconglomerate Bilan 0,1 1,2 0,2 0,2{ 0,1 59
Bilan 0,1} 30 (4} 24 0,3} 0,41 121
Voroc = = = - — =
Bretila-Rariu 30 2.000 | 300 407 365 99
Valea Biilor 10 5.000 | 200 273 231 83
Mn Metaconglomerate Bélan 30 3.000 ' 200 333 394 118
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(conlinuare tab. 1)

1 2 - R

Mn Bilan 16 10.000 1 200 344 476 139
Voroc 30 10.000 | 200 490 822 | 168

Bretila-Rardu 50 500 | 100 G4 21 42

Valea Biilor 10 800 | 100 88 45 51

B Metaconglomerate Bilan 50 200 | 100 95 36 38
Bélan 50 400 | 100 94 48 51

Voroce 100 500 1 130 162 79 49
Brelila~Rariu — — — —

" Valea Bailor 13 800 | 150 40 39) 97

As Mcetaconglomerale Balan il5) 250 | 100 95 86 91
Bilan 15 1.000 50 435 56 125

Voroc - - _J — _

Seria
Bretila Rorau i

Orizontul [
Valea Bdilor

Orizontul
Metacong!.
de Bdlon

T

o

Orizontul
Balan

us

Orizontul [
Yoroc ' [

) L e A, i : )
20 L0 60 80 100 120
TFig. 1 Variatia continuturilor medii ale elementeclor chimice in orizonturile litostratigrafice din

districtul metalogenctic Bilan-Belcina
Variation ol chemical element mean contents yiélded by the lithostratigraphic levels in Balan-
Belcina metallogenctic district.
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Deoarece, aga cum rezulti si din histogramele de repartitie, ponderea
confinuturilor ridicate in totalul volumului de date este foarte redusi
pentru toate elementele chimice, valorile medii calculate pot fi considerate
ca reprezentind destul de bine valoarea medie a fondului geochimic pentru
orizontul litostratigrafic considerat.

Parametrii statistici calculati (abaterea standard si cocficientul de
variatie) indicd o variatie diferitd a continuturilor elementelor chimice.
Majoritatea elementelor chimice 'pre/inté valori ridicate ale coeficientului
de variatie. Variatiile cele mai mici ale continuturilor se intilnesc la bor.

Vanatla continuturilor medii pe orizonturi litostratigrafice este ilus-
tratd in figura 1. In timp ce pentru unele elemente (hlmlce (Pb, Zn, Ag
Mo, Sn, \In si As) nu se observd o variatie iinpoertantid a cont;lnutulllol
medii de la un orizont litostratigrafic la altul, pentru alte elemente (Cu,
Co, Ni, Or, V si B) se constatd o tendintd de crestere a continuturilor
in orizonturile Bilan si Voroc.

Tipuri petrografice

Pentiu caracterizarea geochimiet a formatiunilor metamortice s-a
efectuat o analizd statisticd si asupra tipurilor petrograticein dowi variante.
In prima variantd au fost luate in consideratie numai colectivititi cu cite
un singur tip petrografic, in timp ce in varianta a doua colectivititile
cuprind pe lingéd tipul petrografic predominant si varietiti ale acestuia.

Dupi eliminarea confinuturilor cu valori anormale, acolo unde a
fost cazul, s-a determinat tipul de distributie statisticii. Atit histogramele
de repartitie, cit si valorile asimetriei §i excesului indic# pentru toate colec-
tivitdtile o dlstrlbutle statistici loonormal& sau o tendintd foarte pronun-
tatd %pre aceasta a continuturilor elementelor chimice analizate. In tabe-
lele 2 si 3 sint prezentate, pe lingd numirul de probe si limitele de variatie,
valorile medii ale continuturilor elementelor chimice corespunzitoare dis-
tributiei statistice lognormale.

Valorile medii prezentate in tabelul 2 arati ci, cu exceptia cuprului,
plumbului, cobaltului, ecromului §i manganului, pentru care se constatd
o variatie mai mare a conginuturilor medii de la un tip petrografic la altul,
continuturile medu pentru celelalte elemente chimice nu prezintd valufu
importante.

Continuturile medii cele mai mici pentru majoritatea elementelor
chimice din tipurile petrografice care alcituiesc orizontul Valea Béilor se
intilnesc in metaconglomerate. in acelagi orizont litostratigrafic COIIUHU:
turile medii cele mai mari ale elementelor chimice analizate se gisese in
sisturile sericitoase pentru Cu, Pb, Zn si Mn, in metaconglomerate pentru
Co &1 Sn, in sisturile sericito-cloritoase cuarfoase pentru Ni, in sisturile
sericitoase cuartoase pentru Cr, in sisturile sericito-cloritoase grafitoase
pentru V gi in sisturile grafitoase pentru B.

Cu exceptia manganului, confinuturile medii ale elementelor chimice
din tipurile petrogr ahce care alcituiesc orizontul metaconglomeratelor de
Bilan si orizontul Bilan nu prezintd diferente prea mari.

. Comparind continuturile medii ale elementelor chimice pentru ace-
leagi tipuri petrografice din diferite orizonturi litostratigratice se constatéd
ci metaconglomeratele din orizontul Valea Biilor si eele din orizontul meta-
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TABELUL 2

fie ale confinuturilor elementelor chimice

pe lipuri pelrografice

Valorile medii, numdarul de probe si limilele de paria

B
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conglomeratelor de Balan au confinuturi medii foarte apropiate pentru
majoritatea elementelor chilnice, eu exceptia manganului, staniului si
cobaltului. Sisturile grafitoase care apar in cele trei orizonturi litostratigra-
fice au continuturi medii ale elementelor chimice destul de asemiinsitoare,
cu exceptia manganului si mai ales a arsenului. Sisturile sericitoase din
orizontul Biilan au confinutwri medii ale elementelor chimice apropiate
de ale celor din orizontul Valea Béilor. Continuturile medii ale elementelor
minore din sistwile sericito-cloritoase ale orizountului Bilan sint in gene-
ral mai maii decit in cele din o1izontul Valea Biilor.

Din tabelul 3 se constatd e continuturile medii ale elementelor chi-
mice in colectivitdfile ob{inute prin adingarea la tipul petrografic principal

TABELUL 3

Valorile medii, numarul de probe si limilele de variafie ale conlinutfurilor elementelor chimice pe
grupedetipuri petrografice
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atit a diferitelor subtipuri ale acestuia, cit si a alternantelor acestui tip
petrogratic predominant prezentate in tabelul 2.

Prin gruparea mai multor subtipuri petrografice cu caracteristici
comune intr-o singurd colectivitate au aparut colectivitdfi noi cum sint
cele pentru seria de Bretila-Rardu si orizontul Voroe, ca si pentru orizon-
turile Valea Biilor si Bilan.

Cu exceptia manganului din sisturile grafitoase din orizontul Voroc,
al edrul continut llledlll este mult mai 1‘1dlcat continuturile medii ale ele-
mentelor ehimice din noile colectivitdti sint destul de asemdnitoare cu
cele din colectivititile constituite anterior. Caracterele geochimice ale for-
matiunilor metamorfice, evidentiate prin luarea in consideratie numai a
tlpunlol petiografice principale, se manifestd si in cazul colectivititilor
largite prin cumularea subtipurilor petrografice.

Datoritsi numirului redus de probe, cit si repartizitii lor inegale nu
s-a putut wmiri variatia spatiald in perimetiul cercetat a confinuturilor
elementelor chimice in cadrul aceluiasi tip petrografic.

Cercetarea relatiilor existente intre conf{inuturile elementelor chimice
in cadrul tipurilor petrografice, efectuatéd prin calcularea coeficientilor
de corelatie linears in concordantd cu tipul de distributie statistic, evi-
dentiazi o frecventd foarte scizutd a unei corelafil semnificative. Asa
cum se constatd din tabelul 4, In care sint prezentai numai coeficientii
 de corelatie cu o valoare mai mare de 0,6, cele mai frecvente legituri de

corelatie apar intre confinutuzile elementelor Co, Ni si Cr, in timp ce pen-
tru alte elemente ca Mn, As, Pb sau Ag nu existd nici un coeficient de core-
latie cu o valoare mai ridicaté. De remarcat faptul cd toti coeficientii de
corelatie prezentati in tabelul 4 au semn pozitiv.

Coneluzii

Prelucrarea statisticd automatd a continuturilor elementelor chimice .
din peste 3000 probe evidentiazd unele caracteristici ale geochimiei for-
matiunilor metamorfice din distiictul metalogenetic Bilan-Belcina.

Continuturile elementelor chimice analizate din formatiunile meta-
moifice cercetate prezinti o distributie statistici lognormald.

Continuturile medii ale elementelor minore variazi atit eu orizontul
litogtrativrafic, cit si cu tipul petrografic. Continuturile de Cu, Co, Ni,
'V, Cr si B prezintd o tendintd de crestere in orizonturile Bilan si Voroce.

Oontmuturﬂe medii ale clementelor chimice pentru acelasi tlp petro-
oraﬁc din orizonturi litostratigrafice diferite sint, in general destul de
aploplate

Continuturile cele mai ridicate de cupru si plumb se gésesc in sis-
turile sericitoase din orizontul:Valea Biilor, iar cele mai ridicate conti-
nuturi de zine se intilnese in gisturile sericitocloritoase din orizontul Bilan.

Cu exceptia cobaltului, nichelului si cromului, existd o frecvents
scizutd a legiturilor de corelatie intre continuturile elememolor chimice
in tipurile petrografice ale formatiunilor metamorfice cercetate.
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GEOOHEMICAL INVESTIGATIONS ON METAMORPHIC FORMA-
TIONS FROM BALAN-BELCINA METALLOGENETIC DISTRICT,
EAST CARPATHIANS

(Summary)

In order to obtain some geochemical profiles in metamorphical
formations crossed by drillings and galleries from Bilan-Belcina metal-
logenetic district, there were taken some samples between1—5 m (pl. I, I1).
Samples have heen mostly collected from Valea Béilor and Bilan horizons
considering that mineralizations of complex sulphides in the region are
especially hosted in these horizons.



13 GEOCHIMIA FORMATIUNILOR METAMORFICE DE LA BALAN-BELCINA 17

Samples have been semiquantitatively analysed by means of speetro-
graphical methods and have been statistically processed for the following
chemical elements : Cu, Pb, Zn, Ag, Mo, B, As, Mn, Co, Ni, Cr, V and Sn.

For the geochemical characterization of metamorphical fermations,
all chemical data have been statistically processed on lithostratigraphical
horizons and petrographical types.

Distribution histograms built at logarithmical scale suggest a log-
normal statistical distribution for most of analyvsed chemical clements,
this fact being also confirmed by values of asymmetry and excess. The
only chemical elements whose statistical distiibution infringe the tested
laws (normal and lognormal) are molybden and silver.

Statistical parameters show a different variation of chemical ele-
ments contents in lithostratigraphical horizons investigated (table 1).
While for some chemical clements (Pb, Zn, Ag, Mo, Sn, Mn and As) it is
noticed no important variation of average contents from one lithostra-
tigraphical horizon to another, for other elements (Cu, Co, Ni, Or, V and
B) it is remarked a tendency to increase contents in Bilan and Voroc
horizons (table 1, fig. 1).

Calculated average values show that excepting Cu, Pb, Co, Cr and
Mn for which it is noticed a higher variation of average contents from one
petrographical type to another, avergae contents for the other analvsed
chemical elements have no important variations.

Comparing average contents of chemical elements for the same pe-
trographical types in various litostratigraphical horizons, it is remarked

‘that quartz-feldspathic metaconglomerats in Valea Biilor horizon and
in the horizon of Bilan metaconglomerates and of acid metatuffs have
very close average contents for most of the analysed chemical elements,
excepting Mn, Sn, Co. Graphitous schists from investigated lithostrati-
graphical horizons have very close average contents for most of chemical
elements, excepting Mn and especially As. Sericitous schists from B#lan
and Valea Bailor horizons have close average contents of chemical elements,
while average contentsin sericite-chloritous schists are generally bigger
in Bélan horizon.

Grouping several petrographical subtypes with common characte-
ristics into a collectivity appeared new collectivities, as those for Bretila-
Rarfiu series, Voroc horizon, Valea Biilor horizon and Bilan horizon
(table 3).

Excepting Mn from graphitous schists of Voroc horizon, whose ave-
rage content is much higher, average contents of new collectivities che-
mical elements are close enough to those of previously constituted collec-
tivities.

Investigation of existent relations among contents of chemical ele-
ments within petrographical types, by means of linear correlation coeffi-
cients in concordance with the type of statistical distribution, points out
a very low frequency of a significant correlation (table 4).

The most frequent correlation occur among contents of Co, Ni and
Cr elements while for other elements as Mn, As, Pb and Ag, there is
no correlation coefficient of higher wvalue.
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2. ZACAMINTE — GEOCHIMIE

LA GEOCHIMIE DE LA FORMATION DE SURU
(MONTS FAGARAR)!?

par
TEOFIL GRIDAN 2, HORST PETER HANN ?, GEORGE DUMITRASCU 2

Metamorphic rocks. Schisls. Paragneiss. Amphiboliles. Stratigraphic units. Suru Forma-
tion. Geochemistry. Minor elements. Slatistical distribulion. Correlalion. Soulh Carpa-
thians-Getic and mefamorphic Supragelic domains-Fagdaras Mls.

Résume

On a utilisé des analyses chimiques et spectrales (66 des paragneisses, 47 des micaschistes
et 29 des amphibolites) pour la caractérisation géochimique de la formation de Suru. On discute
aussi Porigine des métamorphites et des aspects reliés & la migration de Ja matiére (éléments
chimigues) pendant le métamorphisme.

Abstraet
Geochemistry of the Suru Formalion (Fdgaras Mls). An important number of chemical
and specetral analyses (60 of paragneisses, 47 of micaschists and 29 of amphibolites) are used for
the geochemical charactlerisation of the Suru Formation. Problems implied by the origin of

metamorphics and by some aspeets of the migralion of matter (chemieal elements) during meta-
morphisntarediscussed.

I. Introduction

En partant du fait que les données chimiques et spectrales concer-
nant les roches métamorphiques permettent de mieux envisager la re-
constitution de Venvironnement géochimique qui a précédé le méta-
morphisme aiusi que de distinguer les traits géochimiques générés par
Ies phénomenes de différenciation métamorphique, et considérant que leur

1 Recue le 17 mai 1987, acceplée pour étrc communiquée et publiée le 15 mai 1987,
présentée a la séance du 26 mai 1987.
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représentation graphique indique les traits caractéristiques des formations
géologiques, dans la présente étude on essaye d’analyser la géochimie de
la formation de Suru. Selon Balintoni et al. (1984), Hann, Balintoni (1987)
cette formation appartient au groupe de Fégidras, trés bien développé &
'intérieur du multigroupe de Negoi.

La formation de Suru se développe dans les parties centrale et ocei-
dentale du Figiras, surtout sur la cime et sur les versants (pl. I). Iille
est constituée de gneisses et quartzites micacés, par places & séquences
de schistes graphiteux, caractérisées par 1'association amphibolites-roches
carbonatées. Le degré initial du métamorphisme correspond au faciés
des amphibolites & almandin.. Ta formation-de Suru est presqu’enticrement
affectée par le retromorplmme & différentes intensités, qui, sur le versant
septentrional du Figiras, imprime aux roches les traits caractéristiques
aux métamorphites d’intensité réduite.

Des analvses chimiques, disparates et insuffisantes pour une dis-
cussion globale, sont présentées dans les rapports de prospection par
Arion et al. (1964), Chivu (1968), Pitulea et al. (1983), aussi bien que dans
les études de Balintoni (1975), Constantinescu, Anton (1978), Dimitrescu,
Cocirtd (1983), Gridan et al. (1984), Gridan, Dumitrascu (1985)..

I1. Méthode de travail

En vue de I'étude géochimique,-on a choisi trois types de roches les
plus répandues dans la formation de Suru : micaschistes (45 paragneisses
micacés), paragneisses et amphibolites. Ta plupart des échantillons a
été recoltée du tracé DN 7c¢ ,,Transfdgirigan’ (les deux versants du massif
de Fagiras), et les autres ont été prélevés de la région  située “entre 1&
vallée de 1’0Olt & ’ouest et la vallée de Vistea Mare & 1’est .

Les analyses chimiques (Tableaux 1, 2 et 3) ont été faites par les spé-
cialistes du laboratoire de 'IPGG Bucne% tandis que les analyses spec-
trales (Tableaux 4, 5 et 6) ont été faites parle phvsmlen A, Serbénescu (I1GG).
On a utilisé aussi des analyses présentées par Con%tantmeseu, Anton (19 78)
et Dlmltrescu, Cocirti (1983)

TABLEAU 1

Composilion chimigue des micaschisles

No. }t‘ﬁl,‘;‘l’ll‘ Si0, TiOQ!;\lz();; Fe._,oJ FeO | MnO [Mg0 | Ca0 | K,0 [Na,0! P,0, | HLO | Total
oo 3] 4 s el o7l &) 9 l10 1112 113 14 | 15

1 2w 47,54 0,48]23,71] 2,96] 7,32 0,17, 4,40] 0,88] 3,94] 2,00] 0,19] 4,41| 99,94
2 |3 |49784] 1,50123,67] 4,63 6.67) 0,08| 1,02] 8,33 0,75 2.25! 0,17] 0.30] 99,65
3 | 483 [50.00] 1.65(24.00| 6,302/ 80| 0,08 '3.37| 0,77 5,55 1.17} 0,15 3.40!100,36
4 | 500 |51,45! 1,35124,63| 7,06].1,57] 0,10] 2,42 0,30 5.200 0,62] 0,12] 4,61} 99,67
5 | 255 [52,40] 0,90119,90! 5,50] 6,33 0,14] 2,65] 0,99 4,75 2,00{ 0,26] 2,20 99,54
6 390 153,40( 0,39|16,71] 0,44] 8,19 0,14} 3,59 5,001 1,78] 1,60f 0,36] 3,69 99,63
7 1 1B [54.84] 0,62)25,50] 4,75 1,36] 0,02] 4,86} 0,42] 3,74 0,62} 0,18 0,70} 99,7y
8 | 465 [55,25] 0,85(21,13| 5,87 2,15 0,10} 3,13 0,88| 4,37 1,27/ 0,21] 4,00| 99,47
9 | 45 |55,85] 1,0517,93] 1,33] 6,45 0,18} 6,200 2,38] 2,07 1,39] 0,14] 2,57] 99,03




3¢ LA GEOCHIMIE DE
LRV e, 2 T e
B b \«‘ i ‘&{w AL y

2 :’[ ' N 2 N
R E *

(&7

3

N
SIS S R B U B T T 18" || e Eg
- | 463..156 ;17 1,06/21,17| 3,92{ 3,58|,0,13| 2,98 0,93| 4,37| 1,58] 0.21] 3,40/ 99,82
1. 1488 1156,25| 1,40]22,35| 2,86 4,82| 0,14| 1,96 0,77| 4,24|.4,00| 0,13|°3,36/100,17}
112 | 492 156,70 2,00{19,38] 2,94) 5,40| 0,14| 3,22 0,98 4,26(,1,28] 0,12] 3,45 99,87|
13.]1242: 57,09| 0,80(13,61| 2,40| 6,48 0,18] 1,81 8,25 3,12[°3,18| 0,19]-1,11},99,55
ci4p 47 457,75 1,05[20,83) 1,15) 5,78| 0,00f 4,00 1,54 3,08(,0,75] 0,09 3,61| 99,76
—| 154 520 4(58,03] 1,00(20,23| 1,14} 5,78| 0,18 3,10| 1,12| 3,33|,0,89| 0,12 4,57|" 99,78[
1 161.491:, 158,05| 1,37/19,67| 2,55] 3,70| 0,07 3,28] 1,05| 5,12,1,05] 0,12{ 2,45(100,50|
17 1-356 :|58,60| 0,36{20,16| 1,58] 5,59] 0,17 2,86 1.60| 2,85!.3,03] 0,16] 1,84| 99,59
5¢ 0,40/20,15| 2,77] 4,88] 0,10] 1,99] 0,27 4,56 0,84} 0,10]'3,96]' 99,55},
1,00110,85| 6,00} 4,00| 0.80f 2,70| 2,85| 6,05.3,50] 0,15} 2,40(,99,85
0,8518,91| 5,02 3,29 0,13| 2,80| 1,00] 2,50/,1,90] 0,20/.2,65;99,81},
1,40119,52| 1,80| 4,95 0,17 2,36] 0,72| 4,60| 0,91} 0,61}, 2,70/;99, 66
i,15) 9,86/12,30| 3,14| 0,14} 2,55 1,00] 3,00|,1,50] 0,14/:'2,34].99,69)|.
1,20115,38) 2,52| 4,82] 0,14] 2,77| 1,58| 3,60(,1,78] 0,17/ 2,92!°99 64],
0,36|17,02| 1,30| 5,31} 0,21 2,84| 0,73] 2,62|.2,35| 0,16]'3,94/ 99,71}
1,00/18,00] 4,53| 2,29| 0,13] 1,74} 0,22| 5,00} 0,62] 0, 11|, 3,40/,99,68]:
1,06116,51] 1,60] 4,10} 0,10] 3,33| 1,63] 2,64[.2,69] 0,16] 3,30 99,85
0,58]19,27| 2,96} 2,72| 0,20} 2,28 1,02{ 3,75 1,25| 0,10] 3,00{;99,81{:
1,00{14,08| 2,01 4,89} 0,18 2,45] 2,72| 2,81} .3,17| 0,12{.2,05| 99,34/
1,30(16,42| 2,35! 4,37] 0,11] 2,87| 1,06| 3,43] 1,66| 0,18]|.3,00|99,88]!
1,30(17,15] 2,95 4,20] 0,13] 2,56] 0,75| 3,13(.1,73| 0,14|2,40{100,20};
0,73|17,08| 2,59 3,72| 0,10 2,65| 0,91] 2,81|.1,66] 0,09 ‘.12,6.0,.:99,5_0i
0,75|16',48| 3,17| 2,59} 0,08| 3,14| 2,28| 2,06| 2,95 0,14{.1,59| 99,78}
1,05/13,50| 8,66| 0,85| 0,51 1,90/ 0,40| 2,50|,1,89] 0,14}'3,45|,99,85|"
1,01113,71] 2,07| 4,23| 0,09{ 3,75 2,24| 2,50! 2,61} 0,13|'2,37 .99, 88}
1,15118,45) 5,25 1,00] 0,17} 1-41| 0,,17| 2,60{,0,31{ 0,03],3,89| 99,55
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24 T. GRIDAN et al 6
ABLEAU 4
Analyses spectrales des micaschisies
No. Echantillon | Ph Cu Zn Sn Ga Ni Co Cr
1 272 17 18 140 4 44 75 21 133
2 3 65 90 200 | <2 24 169 60 306
3 483 13 15 100 3,5 32 79 25 165
4 500 13 19 85 5 38 58 23 120
5 235 30 27 130 5 33 75 27 135
6 390 7,5 29 265 2,5 30 28 12 55
7 1B 11 6 54 4,5 32 60 19 164
8 465 14 65- | 135 3 26 65 25 120
9 45 4 30 85 4 17 200 32 244
10 463 30 51 115 4 25 43 22 97
11 488 18 24 72 5 30 - 42 15 82
12 492 21 43. 1. 140 5,5 34 58 18 120
13 242 32 70 95 2,5 34 73 31 115
14 47 3 3,5 100 3,5 17 . 32 19 %
15 52 2 10 30- | 3,5 16 46 16 11¢
16 491 22 14| 110 4 32 17 '3 105
17 356 12 38 90 2 30 50 23 166
18 295 21 31 100 4,5 36 55 22 8ix
19 456 25 7071 140 5 24 70 25 R
20 462 20 . 38 100 3,5 21 43 24 &7
21 392 7,5 90 40 | 5,0 26 . 47 17 C16n
29 494 17 73 125 5,0 31 60 22 166
23 485 17 50 - 95 2,5 26 65 22 1060
24 367 22 6,5 135 3,0 33 64 22 165
25 477 11 33 95 2,5 . 26 34 14 85
26 419 16 37 100 3,5 21 45 19 7
27 479 50 4 130 | 3,5 29 42 14 )
28 230 22 25 120 4,5 26 52 21 115
29 486 8,5 37 72 | 2,0 22 23 8,5 85
30 484 9 31 72 | 3,0 20 63 22 163
31 468 3,5 33 60 2,5 25 60" 20 169
32 435 28 30 76 3,0 24 23 14 53
33 499 11 40 | 120. 1 4,5 25 50 18 93
34 450 18 40 125 o2 23 57 22 90
35 498 15 14 90 3,0 26 45 12 88
36 2 30 25 | 48 3,5 .25 32 12 90
37 431 22 47 60 4,5" 22 36 16 73
38 . 475 11 34 40 2,5 23 51 19 9%
39 T 46 -8 -28 | <30 2,5 12 52 16 115
40 T 439 13 -24 76 | 4,0 23 43 14 100
41 493 5 33 95 4,5 22 50 15 82
42 51 4 12 68 6,0 20 40 14 73
43 437 8,5 12 73 2,5 20 42° 22 80
44 381 9 16 55 3,5 20 28 12 75
45 420 25 25 46 |'-5,0 18 27 13 37
46 289 21 16 135 <2 24 46 18 77
47 466 18 20 110 4,5 27 70 19 125
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o
ot

Be

v Sc Y N l zv | Nb | La B | Ba | s
190 24 39 2,2 | 260 | 12| 48| 33| 110 | 875 | 170
340 38 36 1,5 | 3460 | 12| 41| 1.5 | 30 | 200 | 400
230 30 46 4,0 500 | 20| 68 | 5.5 | 285 | 970 | =00
170 25 39 3.1 | 255 | 25| 80 | 5.4 | 145 | 680 | s0
290 27 41 3,3 | 330 [<10 | 41 | 41 | 130 | 770 | 190
63 12 97 28 .1 500 | 36 | 51| 24| 30| 560 | 930
140 17 36 25 | 220 | 12 4s | 1.7 | 425 | 960 | 55
145 23 27 3,0 | 175 | 10| 50 | 4.0 | 125 | 760 | 195
110 15 27 1,9 | 250 | <10 | 30 | 204 | <30 | 580 | 110
150 19 7 26 3,4 220 | <10 38 3,2 | <30 {1000 180
95 18 22 2.8 | 220 | 12| 30 | 4.4 | 125 | 600 | 155
190 29 33 3,0 | 255 | 12| 37 | 37 | 170 | 800 | 7o
170 24 39 2,7 | 300 | 10 | 58| 2.4 | 125 | 585 | 210
110 17 34 28 | 225 {<10 | 40 | 3.4 70 | 500 | 65
100 16 - 32 3,0 | 250 | <10 | 30 {32 | 65 | 850 | 0
165 19 33 3,0 | 370 | 25| 371 4.2 75 1150 | 160
130 21 41 3,2 | 3460 {<10 | 53 | 3.2 | 120 | 500 | 170
115 16 30 2,2 | 400 | 10 | 53 | 3.6 | 100 | 700 | 49
190 21 40 41 | 250 | <10 | 67 | 3.8 | 75 | 800 | 280
130 18 - 30 3.5 | 235 | <10 | 42 | 2.4 | 70 | 680 | 290
150 18 34 3,2 | 260 | 12 | <30 | 2.8 | 215 | 850 | 123
130 20 35 26 | 255 | <10 | 44 | 3.0 | 150 | 565 | 100
150 22 30 3,6 | 210 | 14 | 50 | 3.9 | 180 | 630 | 110
140 18 41 2,8 | 330 | 12 | 36 {-2.6 | 180 | 660 | 100
100 19 - 31 3,0 | 275 | 14| 85 | 4.6 | 125 | 650 | 48
. e 30 3,0 | 260 [ <10 | 355 | 4.4 | <30°| 875 | 200
125 17 29 4,0 | 210 | 14| 30| 41| 230 | 640 | 199
fo 19 53 4,4 | 500 | 20| 38| 28| 90 | 475 | 110
1;0 21 25 2,8 | 250 | 18| 50 | 3,5 | 100 | 800 | 155
120 21— | 29 3,0 | 270 ] 18| 37| 3,7 | 255 | 710 | 125
135 18 25 2,6 | 180 | 14 | 44 | 3,6 | 100 | 650 | 70
1:i° 13 28 3,1 170 | <10 38 | 3,0 30- | 770 | 320
78 19 42 3,3 |33 | 12| 30 37| 78| 75 | 100
: 1';3:_’ 17 38 2,7 230 | 10 | 51 | 4,4 80 | 500 | 130
135 18— | 37 3,1 | 280 | <10 | 83 | 3,6 | 120 | 800 | 30
100 17 4 3,2 | 200 |<10 | 36 | 2,6 | 75 | 325 | 140
105 13 34 3,4 360 | <10 67 | 2,6 307 | 780 | 230
100 18 38 4,0 {430 | 18 | 44 { 3,6 | 190 | 950 | 150
120 14 24 1,9 | 300 | <10 | 30 | 1,9 | 175 | 600 | 270
70 14- 36 3,4 3555 | 11 | <30 | 3,6 | 60 | 625 | 50
110 17 30 2,2 | 430 |<10 | 30 | 2,3 | 85 | 58 | 50
110 14 32 3,1 215 | 15 | 390 | 1,7 | 115 | 785 | 240
100 15 36 3,3 7| 330 |<10 | 30 |'2,0 | 100 | 560 | 165
120 12 27 3,8 | 280 | <10 |31 ['2,8 | <30 | 950 | 350
82 9 - 29 2,9 | 210 | <10 | 47 | 4,3 | 33.| 460 | 200
53 15 37 3,2 | 235 | 12| 65 |'2,6 | 100 | 590 | g2
9 23 30 3,0 |33 | 18| 44 | 3,9 | 230 | 660 | 75

165




TA

Analyses speclrales

No. Echantillon PDb Cu Zn Sn , Ga ! Ni | Co ) Cr
1 237 15 62 155 2 22 66 24 | 103
2 424 17 25 94 4 25 25 6 93
3 414 22 30 115 3 25 55 22 | 105
4 411A 15 31 170 2 22 42 23 70
5 459 52 29 145 4 28 47 23 | 100
6 473 16 10 72 3,5 27 56 21 92
7 495 9 12 130 3 26 17 4 | 100
8 218 32 20 115 4,5 33 70 29 | 130
9 31 16,5 10 53 35 21 60 28 80
10 255A 24 70 120 4 32 53 25 | 115
11 470 6,5 50) 46 4,5 26 36 16 96
12 469 2% 44 120 3,5 317 65 22 1-115
13 40 20 75 <30 4 15 40 17 S0
14 415 11 8 60 2 18 62 20 | 125
15 496 6 43 70 3,5 34 60 18 | 100
16 41 11 35 115 4 16 55 16 95
17 487 11 43 86 2,5 24 51 20 80
18 476 8 30 65 2,5 26 60 20 | 100
19 460 52 50 130 4 24 52 28 | 100
20 267 22 19 100 4 25 48 16 80
21 464 24 26 125 3 21 44 21 75
22 259 17 48 145 4 29 55 22 | 110
23 497 4,5 48 80 2,5 25 72 10 | 110
24 482 16 39 100 3 19 56 20 | 100
25 457 24 21 115 4,5 26 40 20 78
26 219 25 97 110 4 24 32 13 |- 90
27 461 28 32 125 4 18 45 24 79
28 411B 26 25 125 2,5 23 50 20 |- 85
29 320 6,5 3 70 3 28 85 21 30
30 50 6,5 45 44 5 29 60 21 |. 95
31 413 26 24 140 2 21 50 23 78
32 471 13 5 90 4,5 24 40 16 67
33 393 19 40 135 3 23 55 20 87
34 363 22 43 87 4 28 60 25 |. 95
35 418 15 54 130 3 20 64 27 76
36 42 3 22 85 3,5 14 55 19 85
37 480 35 10 60 3 22 53 17 |.100
38 481 20 40 120 2,5 19 56 19 | 100
39 33 9 46 80 4,5 2 42 16 87
40 377 100 30 440 3| .22 37 i3 (VY
41 474 26 15 95 245 20 60 23 | 110
42 432 11 16 92 4 18 32 15 |.73
43 478 13 30 30 2,5 22 47 17 85
44 421 26 35 72 3,5 21 32. 15 | 62
45 490 8,5 16 110 <2 20 45 13 52
46 416 19 31 90 3,5 20 43 19 |. 78
47 265 16 30 85 3 27 53 22 85
48 371 18 30 75 <2 33 38 16 | 72
49 372 17 15 30 3,5 22 18 8 |22
50 362 18 28 105 3 28 52.| 23 ‘85
51 423 35 30 100 4 22 30 12 | .50
52 225 26 16 50 4 29 321 16 60
53 453 16 40 100 5 22 44 20 80
54 489 8 37 39 2,5 21 45 13 70
55 455 13 5 53 3,5 | .19 40 20 | 72
56 501 6151 13 35 6,5 22 18 6 | .27
57 467 35 41 110 <2 -1 50 | 16 | 70
58 458 21 40 100 2,5 18 36 17 | 70
59 2278 22 15 55 3,5 23 30 11 | 52
60 451 9,5 100 73 5 16 34 17 | 64
61 2286 25 37 64 | 2,6 23 24 11§ .48
62 260 13 14 150 2,5 20 38| 13 70
63 454 8 16 35 3,5 19 42 17 65
64 472 5,5 15 © 50 = 16| 45 12 57
65 379 73 23 32 7 22 12 3 10
66 410 95 <30 30 <2 17 12 11 70




BLEAU S5
des paragneisses

v se | Y Yt | ze | Nb | ta [ Be | B | Ba | sr
130 7 30 1,8 160 | 12 | 53 | 1,4 | 30 | 765 | 130
120 15 16 1,3 150 [ <16 | 33 | 4,4 | 75 | 950 | 140
170 19 33 2,9 165 | <10 | 55 | 4,1 | <30 | 765 | 310
115 14 27 1,8 165 | <10 | <30 | 3,2 | <30 | 620 | 220
4 155 21 40 4,4 370 | <10 | 67 | 3,8 | 190 | 720 | 175
115 22 30 3,0 280 | 18 | 60 | 4,0 | 120 | 620 | 140
180 25 30 2,4 260 | <10 | <30 | 3,2 | 115 1300 | 105
190 23 43 2,8 350 | 20 | 88 | 2,6 | 100 | 600 | 115
110 21 47 2,6 170 | <10 | 60 | 2,3 | <30 | 720 | 110
150 21 24 2,5 260 | 12 | 36 | 3,0 | 160 [1000 | 150
125 15 40 4,0 430 | <10 | 63 | 5,0 | 275 |1100 | 140
140 21 32 3,2 260 | 20 | 44 | 3,8 | 185 | 530 | 83
90 14 28 2,0 170 | <10 | 58 | 3,6 | 65 2100 | 340
125 19 33 3,0 300 | <10 | 47 | 4,3 <30 | 245 | 175
L 145 22 33 2,2 420 | 16 | 30 | 3,7 | 200 | 850 | 65
110 14 21 1,8 150 | 11 | 30 | 2,5 | 165 | 675 | 85
105 18 26 2,6 190 | <10 | 37 | 3,4 | 135 | 600 | 90
140 20 23 2,8 270 | 16 | 30 | 3,7 | 140 | 660 | 95
160 20 36 3,8 280 | <10 | 57 | 3,4 | <30 | 620 | 230
130 16 26 2,5 260 | 13 | 36 | 3,5 | 63 | 910 | 130
86 17 33 3,2 195 | <10 | 42 | 3,1 | 200 | 690 | 200
150 19 37 2,7 350 | 10 | 53 | 2,2 | 100 | 730 | 84
110 17 32 2,8 240 | 10 | 53 | 3,6 | 95 | 725 | 75
120 19 31 3 235 | 14 | 44 | 3,7 | 200 | 750 | 140
4 120 14 22 2,7 260 | <10 | <30 | 3,7 | 115 | 560 | 180
160 18 32 2,3 330 | <10 | 36 | 2,4 | <30 | 925 | 350
125 18 32 3,2 310 | <10 | 57 | 2,2 | 140 | 500 | 120
135 15 29 2,4 235 | 15 | 38 | 3,8 | 155 | 560 | 100
120 16 34 1,9 210 | 12 | 41 | 2,8 | 185 | 525 | 50
130 15 38 3,1 270 | 16 | 33 | 2,8 | 105 | 570 | 200
135 16 28 2,2 260 | <10 | 55 | 3,8 | 46 | 580 | 165
110 13 29 3,1 250 | <10 | 55 | 4,2 | 32 {1000 | 220
140 17 34 3 - {273 16 | 51 | 4,4 | 135 | 575 | 120
140 19 37 2,8 420 | 10 | 58 | 2,9 | 140 | 725 | 84
4 12 15 26 2,5 200 | 10 | 51 | 4,3 | 70 | 530 | 175
100 15 42 3,4 340 | 11 | 58 | 3,5 | 180 | 700 | 150
125 20 36 3,7 280 | 14 | 50 | 3,5 | 200 | 535 | 110
115 20 36 3,2 330 | 14 | 44 | 3,1 | 185 | 950 | 115
110 17 29 2 170 | <10 | 36 | 1,6 | 100 [1150 | 95
L g7 13 38 4,2 450 | 12 | 51 | 3,2 | 75 | 480 | 125
125 20 46 4 320 | 18 | 100 | 3,9 | 135 | 600 | 200
100 14 37 4,4 420 | <10 | 95 | 2,8 | <30 | 640 | 360
100 18 25 2,6 210 | 14 | 37 | 2,8 | 150 | 510 | 90
100 13 25 2,2 300 | <10 | 47 | 4,3 | 35 | 780 | 200
85 15 30 2,8 280 | 12 | 44 | 3,4 | 45 | 590 | 215
115 14 30 4,7 260 | <10 | 35 | 4,0 | 145 | 545 | 75
130 16 40 3,0 420 | 12 | 58 | 2,5 | 52 | 630 | 53
100 16 36 3,0 370 | 12 | 48 | 2,2 | 40 | 700 | 120
*46 10 44 4,4 300 | 21 | 35 | 42| 40 | 850 | 95
115 16 37 2,7 400 | 12 | 36| 2,8 | 140 | 650 | 84
66 10 27 2,4 20 | <10 | 47 | 4,3 | <30 | 950 | 286
115 17 36 3,3 370 | 12 | 36 | 1,8 | 60 | 640 | 110
120 15+ 36 | 3,6 360 | <10 | 42 | 3,0 | 200 | 700 | 160
90 16 70 2,6 280 | 12| 30 | 3,4 | 57 | 780 | 110
1 87 13 | 34 2,6 - | 310 | <10 | 38 | 3,2 | 140 | 770 | 160
52 13 50 3,5 350 | 10 | 30 | 4,4 | <30 | 750 | 65
85 15 34 3,4 270 | 16 | 44 | 2,6 | 125 | 480 | 83
125 15 | 8 | 38 | 400 | 11 |-52| 3,2 | 35| 480 | 290
80 8 | 2 | 23 335 | 19 | 37 | 2,1 | <30 | 640 | 280
t8 13 48 | 4.4 300 | <10 | 38 | 2,2 | 250 | 770 | 190
80 1 | 31 | 2,4 360 19 62 | 3,4 | <30 | 610 300
80 15 [ 46 3,4 700 | 12 | 53 | 2,0 | 160 | 780 | 210
80 12 33 3,8 330 | <16 | 30 | 2,5 | 140 | 480 | 165
65 12 29 2,6 220 | 14 | 44 | 2,0 | 55 | 480 | 100
12 5.5 48 5l 240 | 18 | 67 | 4,6 | <30 | 770 | 60
90 12 | 3 | 3,4 500 | 12 | 32 | 3,2 |<30 | 310 | 120
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11 LA GEOCHIMIE DE LA FORMATION DE SURU 29

Considérant que les schémas et surtout les représentations graphi-
ques’ mettent en évidence des traits caracterlsthues importants, étant enx
‘mémes bien complexes, on a utilisé 1és principes snivants : (1) 1a compo-
sition chimique d'une roche reflete sa composition minéralogique et (IT)
la composition minéralogique de la roche est-le résultat'dé son évolution
géologigue. Selon Plougouin (1980) ta composition chlmlque ‘d’une roche
peut évoluer pendant son: hlst01r0 Oeoloolque tandls que’ h 10che re%te
~un systéme - clos. :

Le métamorphisme modifie 1(‘,5 %socniums minérales mais, a part
de la phase fluide (H,0, CO, etez), on peut estimer que 1’ev01ut10n est
reflétée par-la compouhon chimique, car les modifications minéralogiques
correspondent aux variations des feneurs indiquées par la.composition
chimique. On a ¢té circonspeectes dans Linterprétation des diagrammes car
Moine (1974), La Roche et al. (1974) (fide Plouqouin, 1980) considérent
que la ,,signature” de la composition chimique peut étre modifiée par des
phénemenes superposés.

Suivant les critéres. de la statistigue mathématique, on a besoin d’un
nombre minimum de données pour caractériser ine population. Ainsi, on
considere que 30 analyses pour chaque type de roche suffisent pour une
étude géochimique de Ventiére formation des schistes crigtalophilliens.
On a utilisé 29 analyses chimiques et %pectrales des amplubohtes. 47 des
mlcaschl&te% (= paragneisses micacés) et 66 des p'u"wnels%>

I11. Disciissious' "

1. Probléme de Dorigine’ des métamorphites
‘ NS 4

L’entiére évolution des roches. métamorphiques, deés leur origine
jusqu’a présent, peut étre reconstituée, plus ou moins c\actemcnt 2
base de la composition chimique et-de leur textures et structures. L’ori-
gine des métamorphites est analysée, dans Pétude présente, en partant
de leur contposition chimique. Les- donnees des-tableaux 15 2 et 3 démon-
trent que les trois types de roches analysées. appal’tlennent au type de
composition chimique caractéristique aux roches sédimentaires communes.
La fine schistosité remarquée aux micaschistes et paragneisses arguinente
la eonservation de la composition .chimique initiale et D’absence d’une
migration notable des composants durant le métamorphisme de la forma-
tion de Suru

ahntom et al. (1985) prebentent des. anah ses chlmlques des. para-
gneisses et micaschistes caractérisés par une 1‘epa1t1t10n normale de la
plupalt des 0‘(Vdes, tandis que les amphlbohtes ont une 1"epa1‘t1t1on bi-
modale des principaux oxydes. Les mémes auteurs considérent que cette
répartition normale du chimisme imajeur des roches indigue une aire pré-
métamorphe 3 stabilité relativement élevée, mais-avec des moments d’ac-
tivité tectonique sug oérés par la repartmon bimodale des amphibolites.
o La pratique demonhe qué‘le diagfamme simple du taux des alealis
Na,O : K,0 indique la tendance ‘de différenciation des sédiments méta-
mmphlse% (taux inverse.des alcalis) et des métavolcanites (audmentamon
de la teneur en potassium pour une teneur constante en sodium), au531
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bien que le comportement des alcalis durant le métamorphisme. La pro-
jection sur ce diagramme (Fig. 1) met en évidence l'intégration dans des
champs différents des paragneisses et micaschistes d’une part et des amphi-
bolites d’autre part. Le champ des amphibolites, & peu d’exceptions, se
situe au-dessous de la ligne 0,5 du diagramme, ce qui indique une teneur
réduite en K,O et une teneur relativement élevée en Na,O. Le champ des
micaschistes et des paragneisses traverse les lignes 1 et 2 du diagramme,

k0% 2 (<]a

. =

3' EC
7.
6_
5..
L.
3
2-
1.

¢ 1 2 3 b 5 6 Na,0%

Fig. 1 — Diagramme de corrélation K,0/Na,0. a, paragneisses ; b, mica-
schistes ; ¢, amphibolites.

la teneur en K,0 étant nettement supérieure & celle du champ des amphi-
bolites. On peut remarquer une concentration des valeurs dans la partie
médiane-occidentale du champ, due aux teneurs réduites en Na,O pour
la plupart des échantillons de micaschistes et paragneisses.

Pour la présente étude, on considére comme significative la ten-
dance de différenciation des sédiments métamorphisés (Fig. 2) notée sur
le diagramme ternaire Na* + K+ — Fe3+ | Fe?+ — Mg2*. On con-
state, en dépit de certaines superpositions, la présence des trois champs :
amphibolites — prés de la ligne Fe®* 4 Fe?; micaschistes — au
centre du diagramme, s’effilant vers la ligne Fe3+ 4 Fe?+ — Na+ 4 K+,

drobablement grace & la présence de la pyrite, des grenats et de la biotite
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en grande quantité; paragneisses — dans la zone centrale-supérieure, se
prolongeant vers le coin Na+ 4+ K+, a cause du taux élevé du feldspath
potassique et sodique de la roche.

Selon Suk (1983), pour I’étude de l'origine des métamorphites, la
valeur al-(¢ + alk) fait une distinction nette entre le champ des sédiments
et celul des roches voleaniques. En considérant les données de Suk et le
diagramme de Simonen (1953) incluant (si) sur ’axe x et des valeurs (4)
ou (—) de la formule (al + fm) — (¢ + alk) sur ’axe y, nous avons con-

kg
~

on

b=

F!aooFez‘

. a, paragneisses ; D, micaschisles ; ¢, amphibolites.

Mg?

Fe?+ + TFe?

Fig. 2—Projection ternaire Nat + K+
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(fig. 4A) et d’une maniére subordonnée dans le champ des roches érupti-
ves, le groupement de la plupart des paragneisses dans une partie du ehamyp
supéricur des roches sédimentaires, leur projection traversant les trois
champs de la section. Il faut noter leur concentration (35 de 66 analyses)
dans le champ supérieur des roches médimentaires. Tant pour les mica-
schistes autant que pour les paragneirses la coneentration dans le champ

al’

1 Champ des roches sedimentaire}
{ superieur) ‘s

7 Champ des roches éruptives

a[+]paragneisses

, ,/"'/ b[&] micaschistes
% Champ des roches sedimentaires 7
{inférieur) : . T -
C - f <o,n~o,25
: o ’ c:fm
//- - 0,25-045
e .
/ i
///
e

L A i

Fig. 4 — A, Projection des mitamorphites de la formation de Suru sur le diagramme de Nigyli
(Seclions 11, 111); B, Sections II, 11, IV. a, paragncisses: b, micaschistes, ¢, amphibolites,
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supérieur des roches sédimentaires (sections II et III du tétraédre de
Niggli) démontre le caractere pélitique des roches sédimentaires préméta-
morphiques. L’encadrement des paragneisses aux trois champs des coupes
met en évidence la diversité des sédiments d’origine et méme la présence
des couches dec gres arcosiens qui ont généré & la suite du métamorphisme
les paragneisses situées dans le champ des roches éruptives. La figure 4B
indique, sur les sections IIL, IV ¢t V cumulées, la localisation des amphi-
bolites dans le champ des roches éruptives et pour deux analyses dans le
chamyp supérieur des roches sédimentaires. Cette disposition suscite des

MY

1 Champ des roches sédimentaires

{ superieur)

2 Champ des roches éruptives

@
c:fm
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ambiguités par rapport a la définition du caractére ,,para’’ ou ,,ortho”
de ce type de roches. D’ailleurs, Niggli lui-méme a indiqué que le champ
des roches éruptives englobait les marnes calcaro-dolomitiques, les gres
calcaires, les argiles saliferes et les mélanges d’argiles résiduelles et préci-
pités calcaro-dolomitiques. Ainsi, il est tres probable que beaucoup d’am-
phibolites aient leur origine dans les marnes, tandis que pour les autres
(amphibolites) le caractére ,,para’’ soit incertain.

Le diagramme ACF-A’KF (fig. 5) indique la localisation des champs
des micaschistes et des paragneisses dans le triangle ACF, en partant de
la ligne AT et & sa proximité, et 'emplacement des amphibolites dans un
chamyp central-droit. Pour le triangle A’KF la situation change, les amphi-
bolites étant localisées sur la ligne A’F. La présence de toutes les analyses
dans le voisinage des lignes AF et A’F suggére l'origine commune des
métamorphites analysées, étant donné le caractéere sédimentaire des
roches prémétamorphiques.

Sur le diagramme de Semenenco (fig. 6) on note une distribution
plus étendue des roches analysées : les paragneisses localisées dans le champ

A

JEg
b =,
&le §

‘ Champ mixte

i
i
f

= =T F+M

Fig. 6 — Projection_h,de"s'"métamorphites de la formation de Suru sur le diagramme de Semenen-
: go.A’ — C — (F 4+ M). a, paragneisses, b, micaschistes, ¢, amphibolites.
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droit des roches sédimentaires (classes 2, 3 et 4), dans le champ des roches
éruptives (classes b et 6) et dans le champ mixte ; les micaschistes se trou-
vent dans le champ droit des roches sédimentaires (classes 2, 3 et 4), dans
le champ des roches éruptives (classes 5 et 6) et dans le champ gauche des
roches sédimentaires (classe 9) et un échantillon dans le champ droit des
roches sédimentaires (classe 2). Il faut remarquer que la plupart des
micaschistes et paragneisses appartient & la classe 2 des roches sédimen-
taires & caractére pélitique. La distribution plus large des amphibolites
pose des problémes en ce qui concerne le caractere desroches source, et il
est plus prudent de parler de deux types d’amphibolites ,,para’ et ,,ortho”.

On fait la distinction entre les métasédiments et les métavolcanites
équivalentes par la méthode de recalculus de Kohler et Raaz (1951) modi-
fiée par Opletal (1971) (fide Suk,1983). On a choisila méthode de Lia Roche
(1966, 1972) fréquemment utilisée dans la littérature francaise. Selon cet
auteur les éléments sont distribués en groupes, tenant compte de leur fone-
tion dans les minéraux des sédiments et par un caleulus simple on obtient
des valeurs inscrites dans les diagrammes rectangulaires et triangulaires.
Ainsi, le diagramme QFB (fig. 7) indique une disposition quasi-médiane,
en partant du coté F—B du champ des paragneisses, partiellement super-
posé sur le champ des amphibolites (situé vers le coin B, d’un c6té (+)
et de lautre (—) de la ligne F — B) et sur le champ des micaschistes en
position quasicentrale. On note une disposition sur le diagramme entier,
excepté les coins @ et F, ce qui suggere la présence d'un matériel sédimen-
taire au début de type pélitique, ressemblant aux argiles et marnes. L’ar-
rangement des amphibolites indique des mélanges d’argiles résiduelles
et des mairnes calcaro-dolomitiques, tandis que la projection des parag-
neisses démontre la composition hétérogéne des sédiments initiaux, en
partant des argiles et argiles marneuses jusqu’aux grés, et parfois méme
des grés arcosiens (voir la ligne Q—F). Il faut remarquer la présence de
deux analyses des paragneisses sur la ligne ' —B, ce qui suggeére l’origine
voleanique basique ou leur origine dans un' grus volcanique riche en felds-
path, amphiboles, pyroxene et biotite (les deux échantillons contiennent
de la hornblende, du disthéne et de la biotite). Les diagrammes proposés
par La Roche — Q,/Q,; Ry/R,; P1/P,; Q/F ; B/F; Q/A — présentent des
détails du diagramme triangulaire QFB ou des aspects qui manquent de
ce diagramme. Car ces aspects concernent les roches magmatiques, on ne
les présente plus, mais il faut noter qu’ils confirment le diagramme Q¥FB.

En tenant compte du fait que les analyses spectrales informent sur
P’origine des métamorphites, on a fait le rapport entre les principaux élé-
ments mineurs et la teneur en silice (pl. 11) et on a remarqué une distine-
tion nette des amphibolites envers les micaschistes et les paragneisses.

Ainsi, les amphibolites, qui s’inserivent dans les valeurs de la silice
entre 41,30 et 52,28 9, SiO,, présentent des teneurs plus élevées en Ni,
Cr, Co, V, Sr, Cu et des teneurs réduites en Ba, Zn, Sn et Ga par rapport
aux micaschistes et paragneisses. On note I'absence totale de B des amphi-
baolites. Selon TLeake (1964) les amphibolites viches en Cr, Ni, Ti et & valeur
réduite du paramotre k sont presque certainement d’origine magmatique,
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tandis que les ampliibolites & peu de Cr, N1, Ti et & valeur élevée du para-
metre & sont d’origine magmatique et sédimentaire également. Une compa-
raison enfre nos analyses ot celles de Leake indique que, selon leur teneur
en éléments mineurs, les amphibolites de Suru sont soit d’origine- sédi-
mentaire soit d’origine magmatique. On a essavé mais sans résultat, d’ob-
tenir plus de données sur 'origine des amphibolites en tenant compte de la
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distribution de Sr selon Wilcox, Poldervaat (1958), Fabries (1963) el les
rapports K : K/RDb, Ca : Ca/Sr selon Condie (1967) et mg : 1, Ni, Co, V
selon Macalet (1933). La distribution de Sr et les rapports menticnnés
pledent pour une origine,,para’ et ,,ortho”, tandis que les valeurs absolues
de. Sr, Cr, Ni, Co ct V sont généralement réduites dans le cas des amphi-
bolites de la formation de Suru.

Les micaschistes, qui, dans 'éclielle de la silice, sont partiellement
superposées sur les amphibolites et de plus sur les paragneisses (3 valeurs
de 47,54 a 69,409, Si0,), présentent une variation considérable de Ba,
B, Zn, V, Cr, Co, Ga. Pour les micaschistes superposés sur le champ des
amphibolites & haute teneur en silice on note Pemvichissement en Ni, Co,
Cr et V par rapport aux wmicaschistes situés dans le champ de silice des
paragueisses. Cela suggére, sous réserve, 'origine ;,para’ des deux tvoes
de roches, confirmant le chimisme majeur et les donunées des affleurenients
cot- microscopiques (surtout les aspects de la structure et de la texture)
(Balintoni et al., 1985).

Lies paragneisses, & teneur de 56, 80 & 73,949, Si0, ne sont pas pré-
sents dans Péchelle de silice des amphibolites, mais ils se superposent sur
DPéchelle de silice des micaschistes et ainsi on peut les comparver. Les res-
semblances évidentes entre le comportement des principaux éléments mi-
neurs des micaschistes et paragneisses suggérent ’origine commune des
deux tvpes de roclies. I1 faut noter, quand méme, gue pour certains inter-
valles de silice, les paragneisses se caractérisent par ’augmentation faible
de 12 teneur en ppm de Zr, Sn et Sr, aussi bien que 14 diminution faible de

Cu, Ga, Vet Y, a cause des ditférences de composition entre les deux tvpes
de roches (le pourcentage de feldspath, muscovite, biotite et minéraux
accessoires). Les teneurs en Sn et Ga similaires des paragneisses et des
amphibolites sont dueg & leur fixation dans le réseaun du feldspath, de la
biotite et des amphiboles. Les teneurs en ¢léments mineurs des paragneisses
démontrent le caractére de pararoche.

2. Les lraits géochimiques des roches

Les données présentées ci-dessus indiquent le caractére sedlmontfuv e
du matéiiel prémétamorphique.

Les ditférences de sédimentation présentées dans les figures 1, 2 et
3 mettent en évidence des traits géochimiques caractéristiques aux ditté-
rents types de roches, meunant & la reconstitution des conditions géoclii-
migues antérieures au métamorphisme.

Aingi, les micaschistes présentent une concentration plus évidente
ans le champ des roches pélitiques marquées par la transformation accen-
tude des sédiments et le degré élevé de maturité.

Les paragneisses, d’autre part, proviennent des sédiments ¢évolués
et plus différenciés. Pour la plupart, ils sont générés, comme les micaschistes,
des argiles, mais & la différence des micaschistes, dans ce cas-ci les argiles
ont une teneur élevée en feldspath et quartz. Les argiles gréseuses, les grés
marieux, les arcoses (plus rarement), les marnes ar oﬂeuses et 19\ ar 0110‘
caleaires représentent les dépdts sédimentaires générant par métamoi phisme
Pentiére suite de paragneisses de la formation de Suru.
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En ce qui concerne les amphibolites, les mémes diagrammes indi-
quent des conditions géochimiques associées aux dépots marneux dans la
pile sédimentaire et aussi aux niveaux de roches basiques. Considérant
qWen général le matériel prémétamorphique de la formation de Suru est
de nature terrigéne, & sédiments évoluds et bien différenciés, caractéristi-
ques & une sédimentation calme, la présence des roches basiques peut étre
expliquée soit par des éruptions de fond marin postérieures & la consoli-
dation des sédiments, soit par des couches de tuffs basiques intrasédi-
mentés. La dernidére supposition est plus plausible car les dépots carbona-
tés t1és répandus indiquent des conditions de sédimentation connues com-
me ,,plate-forme carhonatée’.

Le diagramine de La Roche (1968) Al/3 —K —Al/3 —Na et le triangle
AbL—Or—An superposé (fig. 8) offrent des données sur le comportement
des alealis et de Paluminium & la surface et en profondeur. Pour les roches
leuccocrates, ici les paragneisses et les micaschistes, le diagramme est I’équi-
valent d’un systéme albite-orthose-anorthite marquant 'arrangement des
points de feldspath et le quartz intervenant comme diluant. La Roche a
délimité sur ce diagramme, par une ligne en zigzag, le champ des roches
sedimentaires (& droite) et le champ des roches éruptives (a4 gauche).

La plupart des analyses des micaschistes et paragneisses sont pro-
jetées sur le champ des roches sédimentaires bien différenciées, pattant
des sédiments argileux jusqu’aux grés et calcaires. Les autres analyses
des paragneisses, principalement, et aussi des micaschistes, appartiennent
au champ des roches voleaniques de type intermeédiaire et & Paire des piu-
tons caleo-alealing, ce qui suggére des sédiments prémétamorphiques pro-
venus de la désintégration de ces roches. Au cas des amphibolites, six ana-
Iyses sont projetées dans I'aire des marnes et marno-calcaires, deux anstiy
ses dans Daire des argiles sidérolithiques, dix analvsesdans 1’aire des opiio-
lites et deux analyses peu concluantes projetées dans 'aire des volceani-
tes intermdédiaires.

Le diagramme Al/3 — K — Al/3 — Naindique que le métamorphisme
de profondeur a relié Na et K principalement de Al (Ia phase feldspathi-
que), mais certains traits géochimiques prémétamorphiques ont été préservés
et tenant compte des projections concentrées prés de 'axe x (+ et —) pre-
miérement Na signale I’évolution des sédiments en partant de la désa-
grégation et altération jusqu’a la diagenese. Ainsi, on constate quele maté-
riel sédimentaire prémétamorphique provient de la désagrégation des
roches éruptives acides et des roches métamorplhiques intiales, associédes
pendant la sédimentation aux calcaires organogénes et de précipitation
chimique. Certaines projections des wnicaschistes & proximité des points
marquant I'illite, la montmorillonite et la chlorite démontrent la maturité
des sédiments prémétamorphiques et leur diagenése prononcée. Selon
Plouqgouin (1980), sur ce diagramme les sédiments les plus évolués sont
les plus éloignés de I'interseetion des axes, oll on trouve les sédiments plus
grossiers comme les gres et les quartzites. , ‘

Les conditions géochimiques prémétanorphiques inférées de ce dia-
gramme indiquent deux associations de roches :

— une association typiquement sédimentaire, prédominante, in-
cluant des roches évoludes, & haut degré de matwrité, caractéristique pour
une ,,plate-forme carbonatée’ ;




23

LA GEOCHIMIE DE LA FORMATION DE SURU

41

— une association sodi-hyperpot

assique & composition ophiolitigue

(pour certaines amphibolites) et rhyolitique (pour certains paragneisses)

& grauwacke et arcoses psammitiques.
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Fig. 8 — Projeclion des métamorphites de la formation de Suru sur les diagrammes superposés
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e de (1972), Plouquin (1980). a, paragn eisses ;
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Il faut remarquer que dans l'aire de la formation de Suru les deux
associations alternent sur des kilométres, tandis que les traits caractéris-
tiques sont plus atténués et les compositions sédimentaires mieux dé-
velopées. On peut parler d’une plate-forme prémétamorphique incluant
aussi des plutons calco-alealins et niveaux de roches basiques, qui a favo-
1i3¢ l'accumulation d’importants dépots carbonatés.

3. La migration de la maliére pendant le métamorphisme. La mobi-
lité des éléments chimiques

I’hypothese de l'isochimie des métamotrphites, admise ipso facto,
apparait comme appioximative, car la phase fluide (H,O et CO, princi-
palement) contient aussi des éléments dissociés (dans la solution) com-
me Na, K et Ca, dans des quantités tres réduites, souvent négligeables,
suffisantes quand méme pour déceler, parfois, des cas d’échange (Plougouin,
1980).

Pour les amphibolites &4 biotite, de la formation de Suru, la présence
d'une concentration ou méme d’une ,,couverture’” de biotite au contact
avec les paragneisses est un indice de 1’échange entre les deux types de
roches, soulevant la question sur le caractére primaire ou non de la com-
position ophiolithigue (andésitique?) des amphibolites & biotite. Géné-
ralement, pour la formation de Suru, on considére que les concentrations
mélanocrates présentes au contact amphibolites-gneisses ou amphiboli-
tes-calcaires ne représentent pas de restites anatectiques, mais plutdt
des bordures de réaction. Les investigations sur le terrain confirment cette
hypothése, bien qu’on ne rencontre pas de roches migmatiques et de peg-
matites. On note ici: l'occurrence des pellicules, petites veines et méme
petites lentilles de quartz & caractére de ségrégation dans les micaschistes
et les paragneisses, des nids de biotite dans les paragneisses et gneisses
amphiboliques, des nids de trémolite dans les calcaires et les dolomites
cristallines. I’analyse microscopique indique que certains plagioclases et
ctistanx de biotite, et plus fréquemment, de quartz présentent des traits
caractéristiques a une réciistallisation tardi- ou postcinématique. Il est
stir que les mouvements tectoniques favorisent le fractionnement du quartz
et du feldspath entrainant ces cristaux dans des couches différentes des
celles des minéraux fémiques (biotite, hornblende, etc.) — le soi-disant
filtre de pressage — , malg il ne faut pas oublier le réle important de la
migration des fluides attesté par 1'équilibre des feldspaths.

Suk (1933) considére que la migration de la matiére dans les méta-
morphites s’accomplit par : pénétration mécanique; déplacement de la
substance sur les fissures et dans les cavités : transfert & travers les espaces
intergranulaires soit par la phase fluide, mobile soit par diffusion (dans des
solutions pauvres ou autour des bords des grains) ; diffusion des ions dans
le réseau du cristal. Selon le méme auteur, la mobilité des éléments pen-
dant le métamorphisme est influencée par leurs propiiétés, ’environnement
et le transfert des ions.

Admettant 1’opinion de Carmichael (1970), on considére que Al est’
I'un des éléments les plus mobiles pendant le métamorphisme. C’est une
affirmaticn argumentée par les investigations sur le terrain et microsco-
pigques (la plus ancienne foliation décelable de la roche (8,) et parfois méme
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la foliation principale (S,) sont traversées par des porphyroblastes de stau-
rolite, nodules de sillimanite fibreuse dans la biotite et le quartz, veines
gexsudées” de digthéne), aussi bien que par des traits chimiques comme
sont les teneurs plus réduites en K et Na des roches & silicates d’Al

IV. Conclusions

La projection sur les diagramines binaires ou lernaires d'un impor-
tant nombre d’analyses chimiques et spectrales des différentes types de
roches (micaschistes, paragneisses, amplibolites) a permis de discuter les
probléemes suivants concernant la formation de Suiu : Uorigine des mé-
tamorphites, les caractéristiques goéochimiques dex 1oches et des aspects
de Ia migration de la matiere (des éléments chimiques) pendant le méta-
molphisine.

Tes conditions géochimiques prémétamorphiques sont caractérisées
par la présence de deux associations de roches: Tune, prédominante,
typiquement sédimentaire, & dépdts évolués, matures, avant les traits
d’une ,,plate-forme carbonatée’’, sur laquelle se sont formés les micaschis-
tes, les paragneisses ot quelques amphibolites; l'autre, subordonnée, &
caracteére sodi-hyperpotassique, & composition rhyolitique (pour certains
gneisser) contenant des grauwackes et des arcoses psammitiques, et &
composition ophiolitique (pour certaines ammphibolites). La formation de
Surnt présente unc alternance, & 1'épaissenr kiloméirique, entre les deux
associations les traits de la derniére étant plus atténués par les composi-
tions sédimentaires (antémétamorphisme) plus développées.

Aun point de vue géochimique, les paragneisses et les micaschistes
se caractérisent par des teneurs en principaux éléments chimiques (repré-
sentés par des oxydes dans les tableaux 1 et 2) caractéristiques (Ran-
kama, Sahama, 1970) anx roches sédimentaires & haut degré de maturité
(pélites) et aux roches métamorphiques générées par celles-ci .Font
exception quelques analyses chimiques pour les gneisses contenues par
le chamyp des plutons acides (810, 70--73,949%,, K,0 1,37--5,65%,, Na,O
1,85—3,669%,), ce qui suggére la provenance de ces roches des gres arco-
siens générés par la consolidation d’un grus granitoidique. Les teneurs
en éléments chimiques (Tabl. 3) des amphibolites sont caractéristiques,
selon Rankama, Sahama (1970) aux roches sédimentaires (marnes} ot
aux roches basiques (ophiolites). Les tencurs en éléments mineurs différen-
cient les amphibolites des micaschistes et paragneisses, considérant les
teneurs plus élevées en Ni, Cr, Co, V, Sr, Cu, les {eneurs plus réduites
en Ba, Zn, 8Sn, Ga et la manque totale de B. Les micaschistes et les
paragneisses présentent une variation importante de Ba, B, Zn, V, Cr,
Co, Ga.

TLa migration de la maticre pendant le métamorphisme est représentée
dans la formation de Suru par l'oceurrence des concentrations biotitiques
en tant que ,couvertures’” dans la zone de contact entre les amphiboli-
tes et les gneisses et des concentrations trémolitiques an contact amphiboli-
tes-caleaires, des pellicules, de petites veines et méme de petites lentilles
de guartz & caractére de ségrégation dans les micaschistes ef les para-
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gneisses, des nids de biotite dans les paragneisses et les gneisses amphiboli-
tiques, des nids de trémolite dans les calcaires et les dolomies cristallines.

La mobilité des éléments chimiques est indiquée par la présence &
travers les foliations S, et S, des porphyroblastes de staurotide, des nodu-
les de sillimanite (fibrolite) dans la biotite et le quartz, de petites veines
,exsudées” de disthéne et des teneurs plus réduites en alealis dans les
roclies & xilicates d’aluminium.

Considérant les processus métamorphiques, les aspects liés & ,la
migration de la atiére” et & ,Jla mobilité des éléments chimiques”
doivent étre analvsés différemment, car, sans doute, celles-ci impliquent
toute rédistribution de substance reliée & la blastése minérale, la diffé-
renciation métamorphigue et l'apparition d’une concentration minérale
générée par les réactions métamorphiques. L'analyse nuancée de ces as-
pects envisage la distance sur laquelle se manifestent ces processus. Pen-
dant la différenciation métamorphique et la blastése minérale, les réactions
ne supposent pas le ,transport’” de substance & grande distance, tandis
que les concentrations minérales (nids, ,,couvertures’, pellicules, petites
veines, petites lentilles, ete.) posent le probleme de la distance sur laguelle
a été transportée lasubstance. A présent il est difficile de répondre & cette
question. Nous mentionnons que pour former des concentrations miné-
rales, la migration de la matiére seréalise & plus grande distance que les
réactions métamorphiques habituelles.

11 faut mentionner aussi les roches carbonatées de la formation de
Suru qui présentent des minéralisations polymétalliques, surtout plombo-
zinciféres.
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GEOCHIMIA FORMATIUNII DE SURU (MUNTII FAGARAS)
(Rezumat)

Formatiunea de Suru, cu o dezvoltare regionald in Munfii Fdgiras
(mai ales partea vesticd si centrald) este, constituitid dintr-un fond gnaisic
si cuartitic-micaceun, uncori en secvente de gisturi grafitoase, si caruia ii
este caracteristic asociatia, de largd rispindire, amfibolite-roci carbonatice.

Rocile predominante (para gnaise si mic a'\isturi) se caracterizeazi din
punct de vedere geochimie pr in con‘gmu*ul iale principalelor elemente con-
stituiente (sub formi de oxizi in tabelele 1 gi 2) tipice (Rankama, Sahama,
1970) pentru roci sedimentare cu un mare grad de maturitate cum sint
pehtele s pentru roci metamorfice rezultate din cle. Face exceptie tn mic
numir de analize pentiu w nulu tipuii de 011“1\8, care se inseriu in cimpul
plutomlor acizi (%109 70—-739 /0, K,01,37—5,659 /0, Na,O 1,85—3,669%,) su-
gerind cd aceste roci ar proveni din crresu afcozmne re7ulmbe la rlnrlul lor
prin consolidarea unui grus ol’amtmdlc Pentru amtibolite valorile conti-
nuturilor chimice (Tabel 3) sxnt tipice, dupd Rankama, Sahama (1970),
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atit pentru roci sedimentare de tipul marnelor cit i pentiu roci bazice
(ofiolite). Elementelc minore individualizeazd amfibolitele de micasisturi
si paragnaise prin continutwi mai ridicate de Ni, Cr, Co, V, Sr, Cu, con-
tinuturi mai scazute in Ba,Zn, Sn, Ga si lipsa totald a B. Micasisturile i
paragnaisele prezinti o variatie mai importantd pentru Ba, Zn, V, Cr,
Co, Ga.

Peisajul geochimic premetamorf se caracterizeazii prin prezenta a
doud associatil de roci : una, predominanti, tipic sedimentars cu depozite
evoluate, mature, care intruneste atributele de ,,platformé carbonatici’
si pe seama cdreia s-au format micasisturile, paragnaisele, o parte din
amfibolite §i intreaga gamid de voci carbonatice si sisturi grafitoase; a
doua asociatie, subordonati, cu caracter sodi-hiperpotasic, de compozitie
rioliticd (pentru unele gnaise provenite din grauvacke si arcoze psamitice)
i de compozitie ofioliticd (pentru unele amfibolite).

Migratia materiel In timpul metamorfismului s-a materializat la
formatiunea de Suru prin aparitia unor concentratii biotitice cu aspect
de ,,paturi” la contactul amfibolite-gnaise si concentratii tremolitice la
contactul amfibolite-calcare ; pelicule, vinisoare si chiar mici lentilute de
cuary cu caracter de segregatie in micasisturi si paragnaise; cuibuii de
biotit in paragnaise si gnaise amfibolice ; cuiburi de tremolit in calcare si
dolomite cristaline. Mobilitatea elementelor chimice este indicatd de tra-
versarea foliatiilor S; si 8; de cétre porfiroblaste de staurolit, noduli de
sillimanit (fibrolit) in biotit si cuart, vinigoare ,,exudate” de disten si con-
tinuturi mai scdzute in alealii, in rocile cu silicati de aluminiu. ‘
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DEPOSITIONAL MODELS FOR THE STRATIFORM BASE METAL
AND PYRITE ORE DEPOSITS OF THE EAST CARPATHIANS!
by

I1. G. KRAUTNER?

Models. Metallogeny. Siralijorm ore deposils. Polymetallic ores. Sulphides. Paleovolcanic
struclures. East Carpathians.

Abstract

In the crystalline zonc of the Eest Carpathians metamorphic strata-bound massive and
disseminaled sulphide ores are related both in time and space development to the Cambrian
rhyolitic volcanism of the Tulghes Group. Reconstruction attempts for the initial deposits su-
gest two main dcpositional types (figs. 4, 6), as well as transitional developments between them,
due to redeposition (fig. 7) or disturbances within a ,,hydrothermal-sedimentary sulphide ore
formation’’ (fig. 8). The paleostructural position of the mentioned depositional types (figs. 9, 10)
are discussed, as well as resemblances and differences to the Kuroko deposits of Japan.

It is concluded that massive and disseminated sulphide ores related to rhyolitic volcano-
sedimentary formations (e.g.: East-Carpathian, Kuroko, Spanish-Portuguese and Canadian
provinces) may be assigned to a fundamental ,,genetic type’’. Differences between individual
deposits or provinces may be explained by different local conditions of ore deposition reflected
in the ,,depositional type’’ of ore deposits.

Résumé

Modéles dépositionels pour les minerais polymélalliques stratiformes des Carpales Oricn-
teles. Les gisements stratiformes 4 sulfures massives et disséminées intercalées dans les formations
cristallophylliennes du Cambrien des Carpates Orientales (Group Tulghes) sont liés par leur
distribution spatiale et en temps avec un volcanisme rhyolitique, notamment aux périodes de
calme volcanique. Des essais pour reconstituer les dép6ts primaires suggérent deux types fonda-
mentaux (fig. 4, 6) a partir désquels on peut déduire les formes de gisement observées. Des dé-
veloppements intermédiaires ont résulté soit d’ane résédimentation partielle (fig. 7), soit d'uane

1 Received on May 18, 1987, accepted for publication on May 18, 1987, communicated
at the Meeting on May 28, 1987.
2 Institutul de Geologie i Geofizics, str. Caransebes 1, . 78678, Bucuresti 32.
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disturbance sindépositionele, par laquelle a été formé un ensemble des dépots caracterisé
comme une ,,formation hidrothermale-s¢dimentaire & sulfures” (fig. 8). l.e placement de ces
tyvpes dépositionels dans les paleostructures volcaniques, ou voleano-sédimentaires, cst suggéré
dans les figures 9 ct 10.

Des ressemblances par différences par rapport aux gisements japonais de type Kuroko
sont discutées. On peut conclure que les gisements polymétalliques a sulfures associés aux for-
mations volcano-s¢dimentaires rhyolitiques (ex : les gisements des Carpates Orientales, japonais,
espagnol-portugais; canadiens) représentent un ,,type génétique’”’ fondamental, dont les diffé-
rences a Y'écliclle régionale (de la province métallogénétique) el spéeialement entre les gisements
individuels, sont marquées par le ,,type dépositionnel” du minerai. Donc les caractéres ,,indivi-
duels’™ des gisements sont détérminés par les conditions particuliéres de la mise en place de la
charge métallique des hydrothermes,

As a result of intensive mining, the pyrite and polymetallic ore
deposits of the crystalline basement in the East Carpathians excited a
special interest even since the last century. Their genesis was subject
of long discussions which kept on together with the general progress on
metallogenesis problems. During more than 130 years the genetic concep-
tions changed several times following some main stages in their evolution :

1. A hydrothermal origin was the first genetic hypothesis. 1t was
agserted by Cotta (1835), later on by Walter (1876) and argued especially
by Cheldrescu (1939), Samoild, Popa (1939), Socolescu (1961), Gur{m
Rddule%cu (1967).

2. A metamorphosed hydrothermal type was admitted by support-
ers of the epigenetic hypothesis, after recognizing metamorphic structures
and. textures in the ore (Petrulian et al. 1966, Ghifulescu et al. 1969).

3. A premetamorphic sedimentary origin was supposed after re-
cognizing the stratiform character and the lithostratigraphic control of
the ore deposit (Kré’nutner 1942, Savu et al., 1952).In the last yvears Popa
(1982) tried to argue in favour ot this hy pothes1s suggesting detrital and
bhacterial accumulatlon prior to the metamoprhism of the ore.

4. A submarine supply of volcanic origin during the ore sedlmenta—*-
tion was supposed by Gheorghiu (1933). Later on, Volcano—oxalative (Savu,
Vasilescu 1962) or hyvdrothermal volcano-sedimentary models (Dimitrescu
1960, Krdutner 1965) were proposed, for which now most of the authors
(Zincenco et al. 1973, Balintoni et al. 1973, Muresan, Muresan 1977) agree.
In more details the orc deposit has been described as a metammphostd
Kuroko type (Krautner et al. 1977) and several paleostructural positions.. -
and depositional types were recognized (Kmutner, 1934). ’

_ . The syngenetic character of the ore deposits is now nearly chcepted .-
It is based on conclusive arguments of different kinds (Kri utuer 1965,
Zincenco et al., 1973, Balintoni et al., 1973). A spatial and ‘Tenutwal a8§0-
cigtion with a Cambrian rhyolitic volcanism can be algo acceptcd althou<ri1.
there were expressed some doubts (Popa, 1982).

3
The East Carpathian ore deposits have many affinities tewards the
Nippon province (Kuroko, Miocene), the Iberian- sulphide belt (Lower
Carboniferous) and-the -Canadian ores. (Upper Erecambrian). These are
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marked mainly by the close association of massive and disseminated orves
with acid volcano-sedimentary formations, in which are subordinately
intercalated basic volcanics. The ore bodies are lenticular or stratiform and
show an evident lithostratigraphic and paleostructural control. Another
peculiarity, which resembles some of the Ihast Carpathian ore d:josits
{Lesul Ursului zones T and IT; Burloaia central ; Bilan central) to the Ku-
roko province is their tendency to evolve in time from pyrite-copper ore
types (Yellow ore) to lead-zinc ores (Black ore). But like other sulphide
ore province, the East Carpathian ores have also their own peculiarities.
Sa, for example, the Carpathian ores differ from the Kuroko type by (1)
lack of barvte accumulations and calcium sulphates (in fact metamor-
phic equivalents of gvpsum or anhydrite accumulation are not known up
to now) ; by (2) absence of silicified zones with veins and sulphide disse-
minations below the massive ore bodies; by (3) predominance of pyrite
and disseminated sulphide ores. In comparison with the Iberian province,
they differ by lack of an overlaying manganiferous jaspilitic formation
and resemble by predominance of pyrite rich ores. In the Canadian province,
2 higher'amount of basic volcanies and intrusions may be noticed.

A common feature of metallogenetic provinces with polymetallic
massive and disseminated sulphide ores (indifferently if they are associated
with acid or basic voleanics or only with sedimentary deposits) consists
in the relatively high variability of details concerning the form of the
ore bodies. Therefore, it seems not possible to give a single depositional
model for the ore deposits of each province respectively. For instance, the
model proposed for the Nippon ore deposits-hy Sato (1974) and taken as
example for the Kuroko type by most of the authors, may be refered
only to some ore deposits of the respective provinee. For the whole provinee,
there is a need of several depositional models (Takahashi, 1974).

A depositional type, or a depositional model is defined Dby all the de-
tails of the ore body determined by the process of ore deposition. These
details include aspects from mineralogical constitution, through structural
and textural features to shape and %p%tlal distribution, which mayv suggest
depositional processes for the ore. It is necessary to underhnu the fact that
depositional types cannot characterize 1nd(>pendentl_v an ore tvpe or &
genetic type, but thev are essential for its characterization, not only
through its aspect, but also by its degree of variability. So for instance,
.emnlar depositional types can be found for ore deposits of different oenetlc
types. (ex. : Rammelsberg and Kuroko) or within the same ore province,
the ore bodies may be of different depositional types (ex.: Ramunelsherg
and Meggen or the Japanese ore deposits, Takahashi, 1974) (fig. 1).

That is why the concept of ore deposit type or genetic type implies
besides depositional models, all other common features of a group of coge-
netic ores or of genetic similar ore deposits. In the peculiar case of synge-
netic stratiform ore deposits, the genetic model implies therefore, hesides
the depositional type also assumptions on the source and the transport
of metals (fig. 2).

Due to the fact that for the source only tentative suppositions can be
available, it seems more suitable to characterize an ore type hy its geolo-
gical setting (petrographical, paleostructural position). From this point
of view, the East Carpathian ore deposits belong together with the Nippon,
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Meggen
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"~':'"':\Sf, Py,Cu , Siliceous ore”

Fig. 1 — Exemples of depositional models for hydrothermal-sedimentary accumulations in the
Nippon Miocene province and the Devonian province of Central Europe : (Meggen according to
Ehrenberg et al., 1954, with modifications; Rammelsherg accordingto Gunzert, 1969 and
Kraume, 1955, with additions ; Kuroko redrawn according to Sato, 1974 and Shirozu, 1674) :
Ba-baryte ; Ph-galena ; Zn—sphalerite ; Cu—chalcopyrite : Py-pyrite ; Si-silicifications ;
C — carbonalations.

Iberian’and Canadian pyrite and base metal ores to fhe type of prevailing
concordant ore concentrations, associated with mainly rhyolitic volecano-
sedimentary formations. The voleanism is usually of bimodal character
due to quantitatively subordinated emissions of bagic voleanics in periods
of rhyolitic calm (fig. 3). Coneerning the spatial and temporal relatio ns to
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Fig. 2 — Components of genetic models for hydrothermal-sedimentary deposits.

the rhyolitic volcanism, it seems evident that the ,,moments’’ of ore depo-
sition are situated in periods of volecanic calm and the ore deposits are
located either inside the area of voleanic structures (Lesul Ursului, Burloaia,
Fundul Moldovei) or in surrounding areas. In the East Carpathians, the
sulphide ore deposits occur either at the end of the voleanic activity (Fun-
dul Moldovei) or between two perriods of voleanic eruptions (Lesul Ursului,
Burloaia). But similar ores have been deposited also shorthly prior to the
first rhyolitic volecanic eruptions (Isipoaia, Bilan).
: *

The main geological, gitological, mineralogical and geochemical fea-
tures of the syngenetic polymetallic ore deposits intercalated in the low
metamorphic Tulghes Group of the East Carpathians and have been pre-
sented by Kriautner (1965, 1984), Krénutner et al. (1974, 1977), Balintoni
et al. (1973, 1976), Zincenco et al. (1973, 1981). According to palynological
(Iliescu et al., 1983) and radiometric data (Vajdea in Krautner et al., 1975,
Krautner et al., 1976) these ore deposits and the associated rhyolitic vol-
canism are of Cambrian age. The regional metamorphism in greenschist
facies was related to the Sardic phase of the Early Caledonian tectogenesis.

Depositional models

Within the East Carpathian ore province, recrystallization and poly-
stadial synmetamorphic deformations make ditficult to reconstitute details
of the initial shape of the ore bodies. But due to the low grade of meta-
morphism (green schists facies, biotite zone) however there are conserved
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some relict structural aspects which corroborated with the optimal opening
by intensive minning permit a rough reconstitution of the initial pre-
metamorphic ore bedies. The accuracy of such reconstitution rely on the
following observations : 1) Metamorphic mobilizations have been scarce
and selective in submetrical order, they do not influence the element distri-
bution at a comparable scale with the size of the ore lenses ; 2) deformations
due to folding and transposition on schistosity, sometimes apparently
intensive at the sample scale, do not surpass at metrical scale limits under
which premetamorphic structures are not recognizable. These statements
mainly refer to massive ore lenses but do not exclude the disseminated ores
for which only in some situations may arise some doubts on the primary
aspect of the ore body.

The morphological, petrographical and geochemical aspects of the
mined ore deposits suggest two main depositional types, among which
transitional types may oceur.

Fundamental types

A. Concordant lenticular massive orve bodies with concentric zonal
structure (fig. 4 )

Typical representatives can be considered the ore deposits of Bur-
loaia, Gura Biii, Fundul Moldoveil (zone I), Isipoaia (base metal massive
ore), Lesul Ursului (zone II). These accumulations are characterized by
lenses or lenticular beds of massive -polymetallic ore of different forms,
extension and thicknesses. The mineralogical constitution of the ore and
tendencies in spatial distribution of the main metals indicate in all cases
a zonal internal structure, characterized by concentration of Pb, Zn,
Cu ore in the central zone and of copper pyritous ore in marginal zones
(And#r, Anddr, unpublished data; Zincenco et al. 1973 : Kriutner et al.
1974,1977 ; Balintoni et al. 1976). The lateral transition towards surroun-
ding schists is usnally marked by a peripherical zone of chloritous banded and
disseminated ore with very variable extension (large at Burloaia, reduced
at Fundul Moldovei and Lesul Ursului). In the surrounding schists an
aureola of diffuse pyrite disseminations in sericite-chlorite schists may be
distinguished. Below the lenses of massive sulphide ore usually pyrite and
chalcopyrite disseminations in chlorite schists occur, passing sometimes
downwards into scarce and irregular pyrite disseminations in the under-
laying sericite-chlorite schists or rhyolitic metavolcanics.

This internal structure of lenticular massive sulphide ore deposits
could be explained by precipitation around submarine sources of hydro-
thermal vents, probably situated in zones of negative relief, where the
sulphide deposition was not disturbed by perturbances of the marine en-
vironment. According to this model, the mentioned zonal structure re-
flects an ore deposition around submarine emission centers of hydrotherms
according to the mobility and the selective precipitation of the metallic
components in the marine environment (Zincenco et al. 1973,1981 ; Kriut-
ner et al.,, 1974, 1977 ; Balintoni et al. 1976). The mentioned sulphide
disseminations located below the main bodies of massive ore may be rela-
ted to premetamorphic pyritizations marking the access zones of hydro-
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therms. In the Bast Carpathians, such zones with large extension, as for
example the Kniest ore (stockwork) in Rammesberg or Stringer ore in
Canada are not known. This fact cannot be stated as a decisive argument

Cu

Q+Sil

Massive ore ) Cu

Q+Sil

Massive ore

Ry .l y Lesul Ursului {Z.Mli-a)

a o ° 4 .
NeLeh 7 Lesul Ursului (Z.01-a )
A Y ° ’
\ e : of Fundu{ Moldovei{Z.I-a)
kY I
N \,n\;," Burlsaia - Gura Béii

Fig. 4 — Depositional model for lenticular massive ore bodies with concentric zonal structure

(type A)A‘: 1, Massive ore of pyrite, sphalerite, galena, chalcopyrite ; 2, massive pyrite and chal-

copyrite ore ; 3, disseminations and bands of pyrite and chalcopyrite in clilorite schists ; 4, -dis-

seminations of pyrite in sericite-chlorite schists; 3, weak and discontinous disseminations of
pyrite in sericite-chlorite schists.

against the proposed model, because it is wellknown that the. access
zoues of solutions are not materialized in all cases by pregnant hydrother-
mal alterations or suplhide impregnations. It is also necessary to add that
in the Bast Carpathians, the mining being worked according to the litho-
stratigraphical control of the ores, most of the zones underlying the ore
bodies, are not known yet. Otherwise, it is not excluded that a part of the
disseminated sulphide ores without large extension, now considered to be
stratiform, do represent in fact primary discordant zones transposed: on
the metamorphic schistosity (fig. 5).. The idea of hydrothermal impregha-
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tion of some submerged sedimentary rocks at low depth under the water-
sediment interface, has been advanced by Zincenco et al. (1981) for the
Dealul Bucitii ore deposit.

B. Stratiform disseminated ores with concentric zonal structure (fig. 6 ;.
Representative accumulations are the ore deposits Fundul Moldovei
zones II and III, Pragca-Valea Putnei, Puzdra, Colbu-Izvorul Giumaliu,
Crucea-Isipoaia (zone III — disseminated ore). These ore deposits are

Q+sH

Isipeaia -Crucea (Z.0l-a}
Fundul Moldovei({Z.1l+ <)

Prasca -Yalea Putnei

Fig. 6 — Depositional model for stratiform disseminated ore bodies with zonal structure (type-

B) : 1, Disscminations of chalcopyrite and pyrite in chlorite schists ; 2, stratiform disseminations.

of pyrite and chalcopyrite in chlorite-quartz and chlorite-sericite schists ; 3, stratiform dissemi--

nations of pyrite + chalcopyrite in sericite-chlorite schists and white sericite quartz-feldspar
schists.

characterized by disseminated stratiform ores with large extension (of 1
to 10 km order) generally mapped as ,,sulphide horizons’’. The internal
zonal structure was recognized after opening by mining on large areas.
The zonal character; is materialized either by the spatial distribution of
the metallic components (ex. Isipoaia, gal. 18, Valea Putnei-Prasca;
Andir, Andir unpublished data), or additionally also by changes of the:
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petrographic type of the host rocks (ex. Fundul Moldovei, zones IT and T1T).
Usually concentric zones of varied forms have been recognized. In the
central zone in most cases occur Cu rich chalcopyrite ores in chlorite schists
of only some meters thickness, Laterally they pass in Cu poor pyrite-
chalcopyrite ores and peripherically in barren sericite-chlorite schists with
scarce pyrite dissemination (ex. Isipoaia).

In other cases (Fundul Moldovei zones III + II) the central copper
rich chlorite schists zone is surrounded by a ¢uartz-chorite schists zone
with chalcopyrite and pyrite, which gradually passes towards an external
zone represented by alternating quartzous sericite chlorite schists and white
sericite-quartz-feldspar schists with low amounts of sulphide minerals.

These peculiarities suggest the deposition of the sulphide fraction
concomitantly with a detrital fraction fed partly by material of volcanic
origin and a large dispersion of the metallic components. For this deposi-
tional type, a source may be presumed exposed to perturbances of the se-
dimentary environment, so that the precipitating sulphides or even an
already sedimented sulphide accumnulation have been dispersed intra-
formationally by submarine transport. This model explains the tendency
of pyrite to cover larger areas as the copper ores; the thickening of the
sulphide bearing schists concomitantly with a decrease of the metallic
content ; the large areal extension of ki order; the stratiform character
of the ores and the petrographic variety of the host rocks (for example
the mentioned white sericite-quartz-feldspar schists are considered to
represent a metamorphic equivalent of epiclastic rhyolitic deposits).

. The mentioned geological and geochemnical peculiarities do not
agree with a sedimentary immodel with a metal source from a continental
denudation area (Popa, 1982). The presence of some isolated sulphide ore
concentrations with concentric zonal structure occurring within a large
scale sedimentation basin as well as the mentioned interdependence
betiveen thickness, lithology and metallic content suggest loeal submaline
sources of hydrotherms.

Combined types

Among numerous possible combinations of transitions between the
two desciibed fundamental types A and B, two representative situations
have been recognized in the East Carpathians within the Lesul Ursului
and Bilan ore deposits. '

Lateral transition from lype A to type B; Lesul Ursului — zona I
(tig. 7).

s gjy large scale mining a lateral transition was observed from massive
polymetallic ore (Pb 4 Zn +- Cu + pyrite) in the Ursu Valley to a zone of
disseminated polymetallic sulphide ores extended on about 5—6 km. This
disseminated ore crosses the mining sectors Piriul Ciinelui, Valea Lesului,
Crucea (zone Iin gal. 17) and Fagu. The massive polymetallic sulphide ore
body shows an internal geochemical zonal structure of type A. Southwards
it is surrounded by a relatively nairow zone of schists with scatce pyrite
disseminations. Northwards, it gradually passes to a large zone of dissemi-
nated ore. The transition zone consists of an alternance of chlorite schists
with sulphide disseminations and dm to em thick banded massive poly-
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metallic ores. Within the disseminated ore, a gradual thickening from about
3—35 cm to 30 m occur concomitantly with a gradual decrcase of the me-
tallic content and a diversification of the lithological support. The host
rocks pass into an assoclation of chlorite-quartz schists, sericite-chlorite

Disseminated ore Cu
G +Sil

Cu

Massive ore

T V52
T ,““\ N,
§ o I‘ilnun..._, 40.‘

] e

Lesul Ursului {Z1)

Fig.7 —Depositional model for the Lesul Ursului ore deposit, zone I: lateral transiti-
on from type A to type B: 1, Massive polymetallic ore: 2, disseminated polymetallic ore
in chlorite schists; 3, disseminated polymetallic and copper ore in chlorite-quartz schists,
chlorite-sericite schists and white sericite quartz-feldspar schists (ryholitic metaepiclas-
tics).

quartz schists and white sericite quartz feldspar sehists (rhyolitic me-
taepiclastics). In the northern extremity (Crucea, Fagu) occur interca-
lations of terrigeneous sericite-chlorite schists without sulphide dissemina-
tions. Concomitantly with the thickening of the disseminated ore.and
with the general decrease of metallic content, a gradual modification
of the pyrite, chalcopyrite, sphalerite and galena ratio in the ore may be
recognized. This corresponds to a passage from a rich polymetalic massive
ore in the south to a poor pyrite copper disseminated ore in the north.
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The mentioned changes in the sulphide horizon may be correlated
with an obvious decrease of the metaryholitic pile below the ore holizon
{from about 500m. in the south to 200 m in the north). Concomitantly with
thix thinning of the volcanic sequence, some intercalations of detritogenous
sericite-chlorite schists. appear between the metavolcanics and the relict
porphyiic structures decrease yuantitatively, while blastodetrital struc-
tures become predominant.

These geological, petrographical and geochemical observations
suggest the primary position of the massive ore on the top of an accumu-
lation of volcanic matelial, therefore on a submaline paleovolcanic struc-
ture. As the massive polymetallic ore forms a deposit of type A it may be
inferred that ore deposition started in a depression of the mentioned
velcanic culmination. It may be supposed that a northwards opening of
thix depression permitted a partial evacuation of the sulphides during
their precipitation or even immediately after the precipitation and their
transport downwards the volcanic slope, where they were deposited as a
tan, mixed with epiclastic material. A similar process was supposed by
Lee et al. (1974) for the deposition of the Kamikita ore deposit in Japan.
The down slope evacuation of the sulphides can be imagined either before
or concomitantly with the deposition of the sulphide mud due to pertur-
bances of the marine environment. Post-depositional evacuation may be
eansed by volcanic seisms, gravitational slides or intraformational erosion.
The mentioned geochemical zoning recognized by mining works within
this subaquatic cone indicates a preferential deposition of Pb and Zn sul-
phides near the sources while Cu and Fe have been partly transported at
larger distances (Krautner, 1984).

Hydrothermal sedimentary formation ; Balan (fig. 8).

The peculiarity of the copper ore deposits in the region of Balan
consists in the presence of numerous ,,lenses’ of disseminated ore, locally
with intercalations of thin bands of massive ore. These ,,ore lenses‘‘ are
aparently irregular intercalated in a thick pile (about 100200 m) of
ehlorite, chlorite-sericite, sericite and graphite-sericite schists, bearing
locally scarce disseminations of pyrite. This pile was mapped as a litho-
stratigraphic unit, called ,,Béilan sulphide horizon* (Kriutner, Popa, 1973).
The ,,ore lenses’ represent lenticular volums constituted of an alternance
of ehlorite schists and chlorite-quartzites with chalcopyrite disseminati ons
and scarce thin levels of banded massive sulphide ore. This ,,stratified”’ aspect
of the ore obviously results from a sedimentary bedding accentuated by
the metamorphic transposition on the schistosity. The relict sedimentary
bedding is conserved especially in bands of unitary litholpgy, being pointed
out both by quantitative variation of the component mmera}s and by the
grain size of py1ite blasts in the ore. The massive ores sometimes preserve
Telict structures of intralormational sedimentary breccias. The volume,
shape and continuity of these ,,ore lenses’’ are very variable, as well as
their petrographic constitution and metallic content. Generally there can
be distinguished the following main lithological components: massive
¢halcopyrite-pyrite ore; massive sphalerite — galenite ore; alteinance
of massive chalcopyrite-pyrite ore and disseminated pylite and chalcopy-
¥ite ore in chlorite schists ; banded or diffuse dissemination of chalcopyrite
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‘and pylitein chlorite quartzites, diffuse or stratiform chalcopyrite and
pylite disseminations in sericite-chlorite schists, in sericite schists orin
white selicite-quartzitic (4 feldspar) schists (rhyolitic metaepiclastics).

Disseminated ore

-7//4:% 7n

% ;
Cpy
Massive ore

Py

N %o

Fig. 8 — Depositional model for the hydrothermal-sedimentary sulphide ore formation :flreoa:r:
Balan : 1, Massive pyrite-copper ore ; 2, disseminated banded ore in schists and chloritc quartz__i'tefs' b
3,ore with ankeritic carbonates ; 4, disseminations of pyriteand chalcopyrite in chlorite sch'fs'.t's_”
chlorite quartzites and sericite-chlorite schists (subordinately white sericite-quartz schists);
5, massive lead-zinc ore ; 6, chlorite quartz schists with magnetite. ‘ .

This geological situation suggests the existence on a relatively
reduced area (of some km) of several local hydrothermal sources from which
successively were formed both ore deposits of type B and ore lenses of type
A, which in most cases, have an incomplete development, or have been
continuously resedimented due to intense and persistent perturbances
in the sedimentary environment. In contrast to other ore deposits of the
same Iiast Carpathian province, in the sulphide beating pile from B#lan
appear levels of magnetite-chlolite schists and schists with iron carbo-
nates. This points to a variable degree of iron oxidation in the ore forma-
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tion, suggesting inhomogeneities in the Eh and pH regime of the sedi-
mentary environment during the ore deposition.

According to this depositional model, the sulphide ore hotizon from
Bilan could be defined as a melamorphosed hydrother mal-sedimentary for-
mation with sulphide ores in which the ore deposition was controled by
multiple submaline emission centres of hydrotherms around them sul-
phide mud precipitated. Concomitantly a persistent perturbance in the
sedimentation environment produced both a dispersion of the precipi-
tating sulphides and an intraformational resedimentation of the already
deposited ore. The areal distribution of the ore bodies suggests feeding by
an ascendent flux of hydrotlierms which near the water sediment intertace
was ramified in several local sources.

Paleostruetural position of the depositional types

A detailed litostratigraphical mapping of the rhyolitic voleano-sedi-
mentary formation from the Tulghes group pointed out extrusive products of
five eruption phases separated by sedimentary deposits. A particularity of
these five piles metavolcanics consists in the large variability of their thic--
knexs (200—500m tor products of the phases Fundul Moldovei and Lesul
Ursului), sometimes up to the disappearance (e. g. produects of the Bitea
Popii phase). This vaiiation of thicknesses obviously reflects an initial
situation and is not caused only by syvnmetamoiphic deformation. This
conclusion is proved by concomitant petrographic changes. Thus, for the
zones of maximal thicknesses in the rocks prevail porphyric reliet struc-
tures while in areas of thinning prevail or occur exclusively clasto-detrital
relet struetures. Concomitantly in the thinner blastodetrital sequences
quartzitic sericite chlorite schists of terrigene provenience are intercalated.

These observations suggest relicts of submarine volcanic paleostruc-
tures in the areas where metavoleanic products are agglomerated. Accor-
ding to this paleostructural model the depositional tvpes described for
the East Carpathian sulphide ore deposits are situated in two distinct
positions :

2.In the area of submarine volcanic paleo-
structures (fig. 9). In such a paleostructural position are the ore
deposits of two main lithostratigraphic'sulphide ore horizons, namely the
Fundul Moldovei horizoun (with the ore deposit Fundul Moldovei, Valea
Putnei-Prasca, PPuzdra) and the Lesul Ursului horizon (with the ore depo-
sits Lesul Ursului, zone I -+ 11, Burloaia, Gura Biii). The paleostructural
reconstructions suggest that the ore deposition was subsequent to the
main phase of rhyolitic voleanic activity. The ore deposition was conco-
mitant with periods of intervoleanic and post-voleanic sedimentation of
both terrigene and volcancgeno material. The sulphide ore deposits in the
mentioned paleostructural positions belong to the depositional types A
and B and combined types A 4- B. The two fundamental types A and B
are situated on the top of the paleovoleanic structures, while the com-
bined type A--B, desciibed for the zone I of the Lesul Ursului ore deposit
is located on the top and on the slope of a volecanic paleostructure (fig. 7).

The mentioned temporal and spatial relations betWeen ore deposits
and acid volecanics are common also to the Nippon, Iberian and Canadian
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ore provinces and represent one of the main characteristics of the ore tvpe
described lately in the relevant literature as Kuroko type.

-

Sea [evel -

Type A and B

Fig.9 — Position of the depositional types in the volcanic paleostructures : 1, Sulphide ores;
2, whitc quartz-feldspar rocks : a) metavolcanics with relict porphyric structures and b) epiclas-
tics with relict detrital structures ; 3, terrigenc schists. :

2.0utside the area of volcanic paleostruc
tures (fig. 10). The ore deposits intercalated in the sulphide ore hori-
zons Isipoaia, Bilan and Dealul Bueitil are in such a position. Their deposi-
tion preceded the rhyolitie voleanic activity in the respective regions. These
ore deposits cannot be correlated with known volcanic paleostructures.
In such paleostructural positions, are known the depositional types A
(Isipoaia — massive polymetallic ore body), B (Isipoaia, Crucea, Dealul

Sec level

Hydrothermal’
sedimentary’ formaf’mn

Fig. 10— Depositional types outside from volcanic palcostructures : 1, Sulphide ores; 2, orc
Learing formation ; 3, white quartz feldspar rocks : a) welavelcanics with relicts porphyric
stractures and b) epiclastics with relict detrital structures ;4, basic nietavoleanices ; 5, terrigene

schists.
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Bucidii) and the combined type A 4 B described as hydrothermal sedi-
mentary ore formation (Bilan). Concerning the relations with the acid
voleanism two suppositions ean be presumed :

a) The sulphide ore metallogenesis was not preceded by an acid vol-
canic phase, the mentioned depositional models being placed in a sedi-
mentary basin without submarine voleanic structures.

b) The sulphide metallogenesis was preceded by volcanic eruptions
outside the area in which the ores were deposited (fig. 10).

The geological situation in the East Carpathians is convenient for
both mentioned suppositions. Due to the nappe structure of the East
Carpathian crystalline zone, the extension of the lithostratigraphic levels
can be followed often only directionally. Looking tramsversally to the
geological structure, there is place enough to locate hypothetical voleanic
strycture below the lithostratigraphic ore horizon mentioned at b). In favor
of such an interpretation, there can be noticed a thin level of rhyolitic
metatuffites (or metaepiclastics) occurring discontinously below the disse-
minated ore of the Isipoaia horizon (gallery 18). Deposits on distal tuffs are
known also in the Iberian province at Tharsis and Lousal (Bernard, Soler,
1974).

- It the hydrothermal-sedimentary ore formation from Bilan fits
well in this paleostructural context (basin with unstable sedimentation en-
vironment) surprising could be the presence of depositional types A and B,
both on voleanic structures and outside them. Significant may be the fact.
that in hoth paleostructural positions, the ore deposits occur in similar
sedimentary sequences. For the ore deposits located on volcanic structures,
this means that the metallogenesis did not start immediately after ceasing
of voleanic extrusions but in a period of sedimentation in which the sub-
marine voleanoes were already, at least partly, buried in terrigene and
epiclastic sediments. From this point of view the sulphide ore deposits
in the East Carpathians differ from the Nippon ores which were deposited
either directly on rhyolitic domes (protusions), tuffs or equivalent sedi-
mentary deposits in lateral position.

Polymetallic sulphide ore deposits intercalated directly in rhyolitic
metatuffs are also known in the East Carpathians (e. g. Fundul Mol-
dovei-Prasca zone O, Runc, Basea). They are represented by lenses of
massive lead-zine ore (black ore) or pyritous ore. These lenses may e rela-
ted to another depositional type (C), which was not analysed in this paper.

Conclusions

The depositional types deseribed tor the sulphide ore deposits of the
Tulghes Group in the Fast Carpathians as well as the depositional types
considered for the mentioned ore deposits of the Nippon Iberian and Cana-
dian provinces (Sato, 1974; Takahashi, 1974; Bernard Soler, 1974;
Sangster, 1972 ; Strauss et al. 1977) may beralated to the same fundamen-
tal genetic process : the ore deposition was fed bv an ascending flux of
hyvdrotherms, affiliated probably directly or indirectly to a ryholitic vol-
canisin {hvdrothermal cells of meteoric orocean water activated by mag-
matic heating). The multiple depositional types in the mentioned ore
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provinces may be explained by different deposition conditions in function
ofthelocaloeohyncalenvnbrunent1n_thebourcelone

Po%mons of the described depositional types from the Rast Oalpa,—
thians relative to paleovolcanic structures are suggested in fig. 10 and their
possible synmetamorphic deformations in fig. 5.

Besides common features with the ore deposits of Kuroko type in
the Nippon province, some differences may be noticed. The peculiarity of
the East Carpathians ore deposits consists in their metamorphic character
(greenschist facies), in the lack of baryte and calcium sulphate ores and
their predominant depositional type. According to the depositional pecu-
liarities it can be concluded that the metallogenesis in the Kuroko province
developed in a nonturbulent basin, with reduced sedimentary rate, while
the Cambrian province of the Hast Carpathians was characterized by a
turbulent sedimentary environment with a higher sedimentary rate.
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MODELE DEPOZITIONALE PENTRU ACUMULARILE STRATI-
FORME DE PIRITA SI MINEREURI POLIMETALICE DIN CAR-
PATIT ORIENTALI

(Rezumat)

Prin tip sau model depozitional intelegem ansamblul detaliilor formei
de zicimint determinate de procesul de acumulare, detalii care permit
supozitii asupra modului in care s-a depus minereul. Tipul depozitional nu
poate defini in mod independent un tip genetic de zicdmint, dar este esen-
tial in caracterizarea acestuia. Definirea tipurilor genetice de zdcdminte
implicd de aceea, pe lingd modelele depozitionale, instmarea caracterelor
comune ale unui grup cogenetic de ziciminte. In cazul particular al acu-
mulirilor singentice stratiforme, modelul genetic implicd deci modele
depozitionale, sursa si transportul metalelor (Fig. 2).

Zicdmintele din Carpatii Orientali se inseriu, impreunsd cu cele din
provinciile Nipon#, Iberied si Canadiand, in tipul concentratiilor concor-
dante asociate formatiunilor vuleano-sedimentare acide cu caracter bi-
modal marcat prin emisiuni de vuleanite bazice, cantitativ subordonate.

Modele depozitionale

In cadrul provinciei Est-Carpatice, recristalizarea si deformarea
sinmetamorfied ingreuncazd mult reconstituirea detaliilor formelor de
zdcdmint initiale. Datoritd intensitétii relativ reduse a metamorfismului
(faciesul sisturilor verzi, zona cu biotit), se pdstreazd totusi suficiente as-
pecte structurale relicte care, coroborate cu deschiderea realizati printr-o
explorarc avansatd si exploatare, permit o reconstituire in linii generale a
acuimuldrilor initiale.

Aspectele 1morfologice, petrografice si geochimice ale zdcidmintelor
cunoscute, sugereaza doud tipuri depozitionale fundamentale (A si B), care
pot si apard sub mai multe variante, si intre care sc constatd diferite tipuri
intermediare.

Tipurile fundamentale

A. Cocentrafiv concordante lenticulare de minereu masiv cu structurd
zonard (Fig. 4) (ex, Burloaia, Gura Béii, Fundul Moldovei zona I-a, Isi-
poaia minereul complex masiv, Lesul Ursului zona II-a). Structura interns
a acestor ziciminte lenticulare (Fig. 4) poate fi explicatd prin precipitarea
neperturbatd a sulfurilor in jurul unei surse submarine de aport hidro-
termal. In accastdi acceptiune, zonarea concentric# reflecti depunerea in
jurul sursei in functie de mobilitatea si precipitarea selectivd in mediul
marin a componentilor. Nu este exclus ca o parte din diseminirile strati-
forme sd reprezinte de fapt zone initial discordante, transpuse pe sistozi-
tatea metamorficd (Fig. 5).

B. Concentratii stratiforme de manereu diseminat, cu structurd con-
centricd zonard (Fig. 6) (ex. Fundul Moldovei zonele 1T si I1T, Prasca-Valea
Putnei, Puzdra, Colbu-Izvorul Giumaliu, Crucea-Isipoaia-zona IIIa)
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Particularitdtile petrografice si forma de zicdamint sugereazé depunerea
sulfurilor concomitent cu o fractiune detritogend de naturi terigené sau
vulecanogens, si dispersarea metalelor utile pe suprafete si grosimi lito-
stratloraflee mari. In acest model isi giiseste o explicatie, 1ntIe altele, atit
suportul litologic variabil al mlneleulul cit si zonalitatea petrooraﬁcm si
geochimici.

Trpure combinate

Tranzifve laterald de la tipul A la tepul B : Lesul Ursulut — zona I-a
(I'ig. 7). Tranzitia laterald de la minereul polimetalic masiv la sisturi cu
diseminsri, ingrosarea pachetului cu diseminiiri odatd cu sciiderea continu-
tului si modlflcarea raportului dintre metalele utile, pot fi 1nterpretate prin
evacuarea partiald a sulfurilor dintr-un depozit de mineren masiv in curs
de formare, prin decolare sau dispersare intraformationald pe clinele unui
velief submarin.

Formatiune hidrotermal —sedimentard : Bdlan
(Fig. 8). O alternantf de disemindri stratiforme, strate subtiri si discontinue
de mineren masiv cu sisturi si cuartite cloritoase, constituie ,,orizontul cu
sulfuri Bélan”. Aceastd situatie geologicd sugercazé existenta mai multor
surse locale din care se formau tempmar depunerl de tip A si B, cu dez-
voltiri incomplete din cauza agitatiei continue a mediului de sedimentare
care cauza erodarea i resedimentarea intraformationald a sulfurilor depuse,
sau dispersarea acelora in curs de sedimentare. Prezenta unor nivele de
sisturi cloritoase cu magnetit sau cu carbonati feriferi, confirmé instabili -
tatea medinlui de sedimentare si in privinta conditiilor fizico-chimice
(Eh, ph).

Pozitia paleostrueturalé a tipurilor depozitionale

Tipurile depozitionale ale zdcdmintelor de snlfuri din Carpatii Ori-
entali se afld in dou& pozitii distincte fatd de paleostructurile vulcanice
submarine :

1.In arta paleostructurilor vulcantce (Fig. 9) apar
acumulirile de tip A si B intercalate in orizonturile cu sulfuri Lesul Ursului
si Fundul Moldovei. Zicimintele se afld cu precidere situate deasupra aglo-
merarilor de metavulcanite riolitice, deci in zonele centrelor paleovulcanice.
Din pozitia lor litostratigraficd rezultd cé fazele de metalogenezi au succe-
dat fazele de activitate riolitici.

2. In afara artet paleostructurilor vulcantice
(Fig. 10) apar minerewrile din orizonturile cu sulfuri Bélan, Isipoaia si
Dealul Bucdtii. Se cunosc atit tipuri depozitionale combinate ca cele de la
Bilan, cit si tipurile fundamentale A (Isipoaia, minereu polimetalic masiv)
si B (Isipoaia, minereu cuprifer diseminat). Depunerea acestor zdcaminte a
avut loc fie premergdtor activitdtii vulcanice riolitice, fie distal fatd de
centre de eruptie care ar putea fi presupuse in afara ariei de aflorare a for-
matiunilor purtdtoare.

Zicimintele de piritd si minereuri polimetalice din grupul Tulghes pot
fi incadrate unui proces genetic unitar caracterizat prin ascensiunea in
timpul perioadelor de calm vuleanic 2 unui flux de hidroterme afiliate
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probabil direct sau indirect vuleanismului riolitic cambrian. Conditii locale
de depunere, diferite, explicd variabilitatea tipurilor depozitionale.

Fatd de zdciminte de tip Kuroko din provineia Niponi, se remarcs
atit unele trasituri comune cit si diferente de ordin litologic si depozitional.
Particularitatile celor dou# provineii ar putea fi explicate prin depunerea
minereurilor de tip Kuroko Nipone intr-un bazin linigtit, cu o ratd de sedi-
mentare redusé, in timp ce minereurile din Carpatii Orientali sint compa-
tibile cu acumularea intr-un medin mai agitat, cu rati de sedimentare
ridicati.
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SUR LA PRESENCE D'UNE MINERALISATION EPIGENETIQUE
DE BARYTINE ET WITHERITE DANS LES METAMORPHITES DE
LA PARTIE MERIDIONALE DE LA ZONE CRISTALLINO-MESO-
ZOIQUE DES CARPATES ORIENTALES (REGION DE PINGARATI)!

par
MIRCEA MURESAN 2

Melamorphic rocks. Mineralization. Barile. Witherite. Mesozoic. Struclural controls. Ore
microscopyy. Cores. Easl Carpathians-Cryslalline-Mesozoic Zone-Hdaghimas Mts.

Résumé

Dans la région de Pingirati (2 10 km est dela ville de Gheorgheni) on a identifié du forage
532 (intervalle de 329~332 m) une minéralisation épigénétique de barytine (harytine approxima-
tivement 759, quartz approximativement20 9, withérite, séricite ; lc quartz et la séricite sont
des restes de la roclic métamorphique minéralisée) située sur une fracture qui affecte les roches
épimélamorphiques environnantces (le groupe de Tulghes — Cambrien inléricur). 11 est possible
gue la minéralisation soit d’age mésozoique, car clle préscnte de nombreuses ressemblances au
dépot épigénétique de barytine -- withérite de Ostra (situé toujours dans la zone cristallino-
mésozoique, a presque 70 km nord dela région de Pingirati), emplacé dans des formations méta-
morphiqus ¢t des dépdls mésozoiques (triasiques et jurassiques) et considéré d'age mésozoique.

Abstraet

On Lhe Occurrence of an Epigenelic Barite and Witherite Mineralizalion in Lhe Melamorphics
from the Southern Area of Lhe East Carpathian Crystalline-Mesozoic Zone (Pingdra{i Region). In
the Pingarati region (10 km east of the Glieorgheni town), the drilling 532 (329—332 m interval)
has yielded an cpigenetic barite mineralization (barite ca 75 %, quartz ca 20 %, witherite, sericite ;
quartz and sericite are relics from the mineralized metamorphic rock), located along a fracture
which affects the neighbouring epimetamorphic rocks (Tulghes Group — Lower Cambrian).
The mineralizatlion is most probably Mesozoic in age, according to its similafity with the Ostra
epigenctic harite and witherite deposit (also located in the crystalline-Mesozoic zone, ca 70 km

1 Recue le 18 mai 1987, accepiée pour étre communiquée et publiée le 19 mai 1987, pré-
sentée a la séance du 26 mai 1987.
2 Institutul de Geologic si Geofizicd, str. Caransebes 1, R 79678, Bucuresti 32.
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north of the Pingéirati area), sitnated in metamorphic formations and Mesozoic deposits (Triassic
and Jurassic) and considered of Mesozoic age.

La région de Pingdrati, située & 10 km environ a I’est de la ville de
Gheorgheni, appartient aux monts de Hidsmas et a la zone cristallino-mé-
sozoique des Carpates Orientales.

Cette région est constituée des formations épimétamorphiques (prin-
cipalement schistes séricito-graphiteux, schistes séricito-chloriteux et
roches blastodétritiques ; subsidiairement porphyroides rhyolitiques de
type Mindra, métagabbros et roches tuffogenes vertes) du groupe d¢ Tul-
ghes (Cambrien inférieur) charriées par la nappe de Rardu incluant les
roches mésométamorphiques (micaschistes prédominants et amphibolites
subordonnées) du groupe de Bretila (Protérozoique moyen) et les grani-
toides de Haghimas y associés (granodiorites gneissiques prédominantes et
diorites gneissiques et métaaplites subordonnées).

Les métamorphites de la zone de Pingarati ont été investigudes par
des forages (531, 532, 533, 533 et 536 — IPEG Harghita), situés sur la
cime au sud du sommet de Pm@araﬁr] et par un forage (23) situé au sud dans
‘le bassin de la vallée de Med1as

L’étude des colonnes hthologiques des forages mentionnés indique la
présence d’une minéralisation de barytine et withérite dans le forage 532,
entre m 329 et m 332 (Pls. I, II).

Le minerai recolté par nous est blanc, compact, 4 texture nonorientée
(massive) et structure nettement cristalline (grice aux faces cristallo-
graphiques de la barytine, le composant majeur du minerai). Le poids spé-
cifique du minerai est 3,89 g/cm3 (déterminé par la balance hydrostatique,
Elena Szabo — IGG, Bucarest) Le minerai est faiblement radioactif
grice exclusivement & I’isotope K?°, suivant la détermination par spectro-
métrie naturelle avec détecteur Ge(Li) (analyste Gabriela Grabari — IGG,
Bucarest). Considérant que la séricite est le seul minéral & potassium du
minerai (voir fig. avec l’analyse DTA), alors I'isotope K% provient certai-
nement de ce composant.

L’analyse microscopique indique la présence de la barytine, du
quartz, de la séricite et de la withérite (Pls. ITI, IV).

La barytine (occurrence confirmée tant par 'analyse chumque effec-
tuée par Carmen Popescu, IPGG, Bucarest — 75,72%, BaS0, — ainsi que
par le roentgenogramme effectué et interprété par I. Vanfrhele 5, IGG), le
composant prlnelpal du minerai (approximativement 65% de sa masse),
est habituellement hypidiomorphe, rarement idiomorphe, et constitue des
individus prlsmathues allongés qui se caractérisent par le clivage parfait
(001) paralléle a lalloncrement des cristaux et par un second clivage im-
parfalt (010) perpendlculmre sur le premier. Par rapport au chvaﬂe (001)
Pextinction de la barytine est droite. Le minéral présente du relief positif,

# L’analyse minéralogique parlaméthode dela diffraction aux rayons X (dans Uintervalle
180 — 70026) a indiqué le quartz (d=4,29A ;3,35 4 ; 1,81 A) et la barytine (d = 3,42, A ; 3,124 ;
2,12 A). A cause des tencurs réduites contenues par le minerai, la withérite n’est pas indiquée
par le diffractogramme.



i}

BARYTINE ET WITHERITE DE PINGARATI-CARPATES ORIENTALES 71

est incolore & la lumicére naturelle et les couleurs de la biréfringence sont
grises. L’étude de la barytine par la méthode Feodorov (G. Sibiu, 1GG
Bucarest) indique 2V = 34°—39° (2V anomale = 52°) et N,—N,= 0,0134
(hiréfringence déterminée par la méthode Feodorov en utilisant le conipen-
sateur Berek et un étalon de quartz). La barytine est représentée par des
individus de petite taille (moins de 0,3 mm de longueur) généralement iio-
morphes et des individus plus développés (1—3 min de longueur) entourds
par des cristaux plus fins qui donnent une structure porphvrigue visible
seunlement au microscope.

Les individus de barytine plus développés et isolés sont : a) prisina-
tiques avee les deux extrémités dépourvues de plans cristallographiques ;
b) allotriomorplhes (aux contours irréguliers, dentelés méme) & surtace
poreuse. Il est possible que ces deux aspects soient dis & la porition diffé-
rente des individus de barytine par rapport au plan des sections niinces.
Les cristaux menus de barytine sont habituellement idiomorphes et
corrodent la barytine de grande taille, ce qui indique la succession des deux
types de barytine. On note ’absence d’orientation spatiale préférentielle
des cristaux de barytine sans égard & leur dimensions. I1 v a des cas ou la
masse porphyrique du minerai est traversée par des filonnets de barvtine
constitués des faisceaux divergents d’individus allongés, allotriomorphes
{formes lenticulaires applaties) représentant la derniere génératicn de ce
minerai connue par nous jusqu’y présent.

On peut conclure que la succession des trois types de barvtine du
minerai est la suivante : barvtine de grandes dimensions (I), haryvtine de
petite taille (IT) et barytine (III) présente dans les filonnets qui traversent
Vensemble constitué par la barytine I et la barytine I1. Lie quartz est tra-
versé ou corrodé par toutes les générations de barytine.

Le quartz (approximativement 309, du minerai) apparait conune des
grains a différentes dimensions et formes (prédominant semiarrondis et
subordouné angulaires) qui présentent fréquenmnent d’extinction ondula-
toire. Les individus de quartz sont isolés ou constituent de petites agglomé-
rations, le quartz étant englobé dans la masse de barytine finement cristal-
line.

La séricite 4, subordonnée quantitativenient a la barytine et an qnartz,
constitue des paillettes, de petites agglomérations ou bandes tres minces,
entourées par des individus de barytine.

La withérite, sporadique dans le minerai, occupe des espaces limitées,
dans la masse de barytine, étant allo- ou xénomorple. La withérite est
plus jeune que la barvtine II, corrodée et traversée par la premicéie en
tant que petits filonnets (il n'y a auwcune relation entre la whithérite et la
harytine I1X). L’analyse niicroscopique de la withérite a été confirmée par

1 Les courbes thermiques d’'un échantillon intégral de minerai (fig.) indiquent que le
mica decrit ici comme ,,séricite’ ressemble & un mica hydraté et méme a Uillite (voir Todor,
19723, Car nous ne connaissons pas le comportement thermique de la ,,séricite’” mélamorphique
des roches non-minéralisées du groupe de Tulghes, il est diflicile de préciser sile mica du minerai

analysé du point de vue thermique ne soit pes changé par rapport au mica mélamorphique ou
si, au eonlrarire, il soil un mica modifié par I'action des solutions minéralisalrices (les solutions
minéralisatriees onl pu augmenter la hydratation du mica et ont pu remplacer particllement le
polassium du mica métamorphique).
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I'analyse chimique (qui a indiqué 0,689, BaCO,; — analyste Carmen Po-
pescu, IPGG Bucarest) et par I'analyse thermique® (fig. ) (effectuée par
. Driaghiciu, IGG Buecarest) d’un échantillon de minerai.

| | I l I l l l l !

100 ! 300 | 500 700 l 900°C
|

1

Fig. — I.es courbes thermiques du minerai de barytine de Pingérali (échantillon recolté du forag-
532 — profondeur m 331), & unc vitesse de chauffage de 10°C/minute; TG = 100 mg (ana-
Iyste T. Driighiciu, GG Bucarest). Le pic endothermique a 780°C indique la présence de 1a wit
thérite (le déplacement de Peffet endothermique spécifique ala withérite de 810° C 4.780° C est
principalement dit & la teneur réduile cn ce minéral du minerai analysé — approximativement
3,40 % BaCOj,, calculé suivant la perte durant la caleination indiquée par 12 courbe TG). L.e pic
endotliermique & 575°C correspond a la transformation du quartz « dans le quartz 2, fait vérifié
par S. Sobotca (1GG Bucarest) sur I’échantillon caleiné quise caraclérisc pa1 un pic endothermi-
que aussi & 5375°C. Les pies 2 160°C et la faible inflexion 4 850°C (sur la courbe DTA) liés aux
changements sur les courbes DTG et TG indiquent la perte de I'eau d’adsorption (160°C), res-
pectivement de hydroxyles (460°C et 850°C), contenus par le mica (décrit comme ,,séricite’),
qui par soit comportcment thermique 1essemble au mica hydraté et méme a I'illite (voir Todoz,
1972), D A sa stabilité thermique dans Vintervalle de tempéralure analysé (jusqu’a 1000°C),
Ja barytine n’est pas indiquée par les courbes thermiques cbtenues.

| L ! |

5 Le déplacement de l'effet endothermique, spéeifique a la withérite, de 810°C a 780°G
e st principalement did aux quantilés réduiles de ce minéral dansle mineraianalysé (Todor, 1972).
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En tenant compte des traits microscopiques de la minéralisation du
forage 532, on peut considérer que le quartz et la séricite sont les minéranx
les plus anciens, qui représentent des reliques provenant des roches blasto-
détritigues. La barytine (irois générations) et la withérite ont invadé la
roche métamorphique (antérieurement bréchifide tectoniquement) par des
fissures et par des processus localement métasomatiques et représentent des
minéraux de néoformation. '

Il faut mentionner que la barvtine est présente aussi & trois km NNW
du forage 532, étant rencontrée par nous dans le forage 163, situé dans le
versant gauche de la vallée de Belcina (entre Gherpotocul Mic et Gherpo-
tocul Mare). Dans la colonne lithologique de cette location 1'occurrence de
barytine est située dans I'intervalle m 30,00 — m 33,50 en tant que cristaux,
agerégations radiaires et petites agglomérations dans la masse des roches
blastodétritiques attribuées au groupe de Tulghes. La barytine s’associe aux
carbonates (calcite, withérite) et constitue de petits filonnets quitraversent
la roche blastodétritique constituée de quartz, feldspath et séricite.

Les traits géochimiques de la minéralisation ont été clarifiés par
Panalyse chimique (analystes Elena Colios et Carmen Popescu, IPGG
Bucarest) et I'analyse spéctrographique qualitative (analyste Constanta
Udrescu, IGG Bucarest) d'un échantillon de minerai de barytine recolté du
forage 532 Pingdrati (du m 331).

L’analyse chimique corrélée avec ’analyse minéralogique indique la
prédominance de la barytine dans la minéralisation, justifiant ainsi son
intégration dans la catégoriec économique des 1ninerais riches en BaSO,,
sans composants nocifs (fluorine et d’autres).

Analyse ehimique Analyse spectrographique qualitative
8i0, = 20,65 Na,O = 0,09 Si Ni
TiO, = 0,00 PO, =0,00 Al %
ALO, = 0,33 BaCO, = 0,68 Mg Co
Fe,0, = 0,42 BaS0, = 753,72 Fe Ga
MnO = 0,006 SrO = 0,30 Mn Sn
MgO = 0,09 PbO = 0,03 Ti Na
CaD = 1,16 Sr Pb
K,0 = 0,12

Total = 99,596

Ta présence d'une quantité réduite de BaCO, indique 'occurrence
minéralogique de la withérite dans le minerai de Pingidrati.

En Pabsence des minéraux indépendants de Sr, Pb et Ca du minerai,
les trois ¢léments reconnus par analvse chimique et spectroscopique pro-
viennent du réseau de la barytine ol ils substituent le baryum. Peu de Sr
et Ca powrrait étre généré par la withérite représentée par de moindres
quantités dans le minerai.

SiO, est génére par le quartz et la séricite, tandis que ALO; K0,
Na,0, MO, Fe,0, V et Ni sont considérés comme provenant sculement
de la séricite (le sodium remplace le potassium et les autres éiéments rem-
placent 'aluminium).
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La source dun Mg pourrait étre représentée par la barytine (ol celui-ci
substitue partiellement le baryum) et aussi par la séricite (substitue Al
particllement).

Le cadre lithologique de la minéralisation indiqué par le forage 532
inclut les roches du groupe de Tulghes, surtout des schistes blastodétriti-
ques traversés par places par des lamprophyres postmétamorphiques;
dans le forage il v a aussi des hreéches teetonigues associées aux fractures.

Du point de vue lithostratigraphique, les roclies hlastodétritiques du
forage 532 (ainsi que celles du forage 163) powrraient élre atfribuées &
.,J’horizon des roches blastodétritiques de Pingdrati”, délimité par Krdutner
et al. (1986) ot attribué & la partie supéricure de la formation T'g, du groupe
de Tulghes. Considérant que dans les monts de Bistrita les roches blasto-
détritiques sont bhien développdes dans la formation Tg; (Krdutner et al.,
1984), il faut noter que, dans notre opinion, ’horizon de Pingirati appar-
tient & cette formation-1a ©.

La minéralisation de barytine du forage 332 est logée & la partic inté-
rieure de l'intervalle constitué d’une bréche teetonique aux éléments de
schistes quartzeux séricito-chloriteux, graphiteux, au-dessus de laquelle il y
a des schistes séricito-chloriteux 4-quartzeux & rares intercalations de schis-
tes séricito-graphiteux. Au-dessous de la minéralisation il ¥ & des roches
blastodétritiques de ’horizon de Pingarati (différentes roches constituées
d’une matrice relativement fine quartzo-sériciteuse - chlorite, incluant
des cristaloclastes de quartz ct feldspath). Dans le forage 532, I'horizon de
Pingdrati surmonte des schistes séricito-graphiteux.

Dans le forage 163 (région de Belcina- Gherpotoc) les roches & harytine
sont blastodétritiques et appartiennent & la partie supéricure de 1’horizon
de Pingdrati.

I’aspect du minerai (’arrangement non-orienté des individus de bary-
tine, les relations entre ceux-cietlesreliguesdes minéraux métamorphiques
du miinerai — quartz, séricite), sa présence dans les roches métamorphiques
bréchifiées tectoniquement antérieurement et sa ressemblance frappante
au mineral épigénétique de barytine & structure porphyrique de Ostra
{voir, par exemple, la description de Ianovici et al., 1969) démontrent que
Ia minéralisation de barvtine du forage 532, dans la région de Pingdrati, est

$ Dans les monts de Bistrila, la formation Tg; débute par des schisles verts, roches terre
genes et caleaires (constituant le membre de Botus) surmonlés par des roches blastodétritiques
(I<riiutner et al., 1984) qui correspondent dans notre opinion 2 I'horizon des roches blastodétri-
liques de Pingirali. Dans ce cas-ci, la limite Tg,/Tgy est siluée dans les schistes prédominant
graphiteux d’au-dessous de Vhorizon de Pingdrati, mais on ne peut pas la déeeler car la séquence
dumembre de Botus mancue des monts de Bistrita. .\insi, nous proposons de considérer Ia limite
Tgs,“'l‘g4 comme limile inlérieure de I’horizon de Pingdirali, quon peut aisément reconnaitre.
Pour les roches du groupe de Tulghes, surmontant I'horizon de Pingdrali el délimité a la partie
supéricure par le plan de charriage de la nappe de Rariu, nous proposons la dénoimination de
., I'horizon de Gherpotoc”’, intercepté par la plupart des forages dans cetic région, le forage 532
Yy compris.
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de nature épigénétique par 1apport aux formations métamorphiques du
groupe de Tulghes ot elle est logée. La méme remarque est valable pour la
har vtine (et les carbonates assomes) présente dans le forage 163, synchrone,
selon toutes plobablhtes a celle du forage 532.

La minéralisation de barytine de la région de Pingdrati est située pro
d’une fracture orientée NNW—SSE (tlacec par nous entre les forages 332

34 538, 1@\1)@(11\'ement a l'ouest du forage 536, a base des non- corrélations
geometl iques du plan de charriage de la nappe dc Rardau et des limites litho-
stratigraphiques dans les formations du groupe de Tulghes, interceptées
par les forages mentionnés). On peut attribuer & cetfe fracture un réle
important dans la circulation des solutions d’oit provient la minéralisation
(écrite. Dans notre opinion, le minerai du forage 532 peut étre localisé sur
une fracture d’appui de cette faille, qui, & son tour, pourrait étre remplie de
mwineral similaire (et des sulfures aussi).

Le controle tectonique de la minéralisation par des lignes LO“Lonlquo
orientées NN'W—SSE est démontré aussi par la présence des deux sites i
barvtine (forages 532 et 163) qui déterminent un alignement orienté
NN W—-SSE.

I.’4ge de la minéralisation ne peut pas étre défini directement, & cause de
Iabsence des dépdts sédimentaires rapprochés, affectés par les processus
de 1minéralisation.

Tenant compte des ressemblances entre la minéralisation de barytine
interceptée par le forage 532 et celle présente dans le gisement de Ostra (la
prédominance de la barytine par rapport aux autres minéraux du minerai,
som association & la withérite — & Ostra et & Pingdrati-Belcina on rencontre
les seules occurrences de withérite de chez nous ; la strueture porphyrique
du minerai due & la présence de deux générations de barytine ; la localisa-
tion sur des lignes de fracture orientées presque N —S), on peut conclure
que les deux minéralisations sont synchrounes.

Considérant que le dépdt de barytine de Ostra soit d’ige mésozoique,
localisé tant dans les schistes cristalling autant que dans les dépdts triasi-
ques et jurassiques (Pitulea, Tdndsescu, 1962 ; Vodi, Vodd, 1985) on peut
attribuer le méme dge & la minéralisation de barytine interceptée par les
forages 532 et 163. Cette conclusion est aussi attestée par loccurrence, &
T'est de la région de Pingarati, aux alentours de Lacul Rosu, d’un cristal
prismatique de barytine, mentionné par Koch (1886) (information reprise et
présentée par Zepharovicl, 1983, Radulescu, Dimitrescu, 1966 ¢t Tanovici
et al., 1979) (sa localisation géologique n’est pas indiquée). En tenant
compte que dans la région de Lacul Rosu on rencontre seulement des
dépots mé&ozoiqucs (appartenant au syuclinal marginal externe de la zone
cristallino- mesozmque sensu Uhlig, 1903) on peut inférer que cette bary-
tine n'est pas anté-mésozoique. L'occurrence de barytine dans la région de
Lacul Rosu indique aussi la présence d’un alignement antallooendlque
minéralisation de barytine & quelqucs Lllometmq vers Uest de la région (1@
Pingdrati, dans les dépots mésozoiques.

Aln%l, on peut délimiter au sud de la zone cristallino-mésozoique un
district metallooenet‘que 4 barytine (- withérite - sulfures ?), probable-
ment d’Age mésozoique, marqué, & I'ouest, par 'alignement orienté NNV —
—SSE des minéralisations de barvtine interceptées par les forages 532
{Pingiirati) et 163 (Belcina), et a l’est, par l'occurrence de barytme de
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Lacul Rosu, probablement située sur un alignement métallogénétique ori-
ental de ce district. L'unité métallogénétique dénommée par nous ,,le
district de Pingdrati”’ contient les minéralisations de barytine les plus mé-
ridionales connues jusqu’a présent dans la zone cristallino-mésozoique des
Carpates Orientales.

La mise en évidence, pendant les dernieres années, d'une minéralisa-
tion filonienne de barytine dans le gisement épigénétique de fer de Delniia
et des fragments de minerai de barytine & ESE de Tulghes (entre les ruis-
seaux Pintec et Piriul Raiului — Moga, Ignat, 1979) ainsi que la décou-
verte de la minéralisation de barytine & Pingirati-Belcina justifient ia
délimitation d'une nouvelle unité métallogénétique dans les Carpates Ouvi-
entales : ,,]a province des minéralisations épigénétiques mésozoiques {7}
de barytine (4 withérite 4 sulfures)”. Selon les données disponibles, cette
province inclut les minéralisations de ce type situées sur au moins trois
alignements métallogénétiques : a) un alignement externe (oriental — re-
connu par Vodd et Vodd, 1985), délimité au nord par ,,le district métalic-
génétique de Ostra” (trop étendu et important pour qu’on 'attribue au
,schamp métallogénétique™, selon 'opinion antérieure de Kriutner, 1949
et de Muresan, Peltz, 1969) et au sud par 'occurrence (fragments de bary-
tine) entre les ruisseanx Raiului et Pintec ; b) un possible alighement inter-
médiaire (délimité par la barytine mentionnée aux environs de Lacul Rosu
par Koch, 1883); ¢) un alignement interne (occidental) qui inclut, au sud,
la minéralisation de barytine de Pingiirati-Belcina et, au nord, la minéra-
lisation de barytine de Delnita. Les produits métallogénétiques de cetie
province ne sont pas anté-mésozoiques, comme on ’a déja mentionné. Iis
sont probablement mésozoigques (une association génétique avec 'activité
magmatique qui a généré le massif alcalin de Ditrdu est possible). Selon
Vodii et Voda (1985), quelques minéralisations des Carpates Orientales,
celles de barytine de Ostra, Delnita et des ruisseaux Raiului-Pintec y
incluses, sont d’age mésozoique, anté-autrichien.

Considérant la zonalité minéralogique verticale de la ininéralisation
de Ostra (présentée par Vodi, Vods, 1985) qui indique la présence de 'axso-
ciation de barytine -+ withérite & la partie supérieure du dépét, on peut
inférer que la minéralistaion interceptée par le forage 532 de Pingarati
appartient & la partie supéricure d’un corps minéralisé. On a utilisé cetie
:;onclusion pour dresser la section hypothétique & travers la zone minéra-
lisée (P1. I). Suivant le méme raisonnement on peut considérer qguela bary-
tine et la withérite du forage 163 indiquent la présence & proximité et aux
niveaux inférieurs d’une minéralisation compacte de barytine (et withé-
rite), localisée & la partie supérieure de la ,,colonne’ mindralisée. Tenant
compte qu’a Ostra au-dessous de la minéralisation principalement de
barytine il ¥ a des sulfures (pyrite, blende, galéne, chalcopyrite), il est
possible qu’a Pingdrati-Belcina des sulfures similaires soient présentes en
profondeur (au-dessous de la zone & barytine et withérite).

ADéchelle régionale, la minéralisation de barytine des forages 532 et 163
se situe sur un alignenient orienté NNW —SSE, & position plus interne dang
la zone cristallino-mésozoique par rapport a celui du dépdt de Ostra. En
effet, la minéralisation de barytine de Ostra (& 70 ki nord de la région de
Pingérati) sc situe dans des formatioqs métamorphiques et meésozoiques &
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Pest du svnelinal marginal externe, et la minéralisation de la zone de
Pingirati-Belcina se trouve dans les métamorphites présentes 4 Douest
des dépOts mésozoiques qui constituent la partie occidentale du synclinal
marginal externe.

Les prineipales contributions de la présente note sont les suivantes :

a) on identifie o ir la premiere fois une minéralisation de barvtine
épigénétique au sud de la zone cristallino-mésozoique ;

D) grice & la découverte de la minéralisation de baryvtine dans la
région de Pingirati-Belcina, on peut délimiter un nouveau district métalio-

=
’

génétique & barvtine (+ withérite - sulfures %), probablement d’ige mé-
sozoique, dans les Carpates Orientales ;

¢) on identifie, a base d’arguments scientifiques, la deuxieme région
% withérite de Rowmanie (jusqu'a présent la withérite était connue seule-
ment a4 Ostra, Pitulea et al., 1963).
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ASUPRA PREZENTEI UNEI MINERALIZATII EPIGENETICE DE

BARITINA SI WITHERIT IN METAMORFITELE DIN PARTEA DE

SUD A ZONEI CRISTALINO- MEZOZOICE A CARPATILOR ORIEN-
TALI (REGIUNEA PINGARATI).

(Rezumat)

In regiunea Pingirati(la 10 km spre est de orasul Gheorgheni), dinm
muntii Hasmaqulm am descoperit o mineralizatie epigeneticd de baritini,
1ntelceptata de fOIaJul 532 in intervalul 329 —332 m (plamele I gi I1).
Mineralizatia este localizatii intr-o brecie tectonicd a unei iractun care
afecteazi rocile epimetamorfice inconjuritoare (grupul Tulghes, de virsta
cambrian inferioard). Minereul are o compozitie simpld : baritind (cca 759%),
cualt (cca 209%,), witherit (0,68 % — prin analizd chimic#t), si sericit (plan-
sele TT1 gi IV). CuaItul si sericitul reprezints relicte din 1oca metamorficd
mineralizati. Baritina este de obicei hipidiomo {4, mai1ar idiomorfd, apa-
rind ca indivizi prismatici alungiti, caze pot p1 e7enta (in {unctie -de pozi-
tia fatd de planul de vectionare) un clivaj peirfect (001), paralel cu alun-
girea cristalelor si un al doilea clivaj impeifect (010), peIpendlcuIar fatd de
prlmul S-a determinat pentru bariting 2V = 34— 39° s1i Ng —Np =0 0134 :
Dimensional, baiitina se prezintd sub formé de indivizi de talie micd (subr
0,3 mm lungime), de obicei idiomorfi si indivizi mailarg dezvoltati (1 —5mm
lungime), inconjurati de cristale mai marunte, rezultind un gen de strue-
turd porfiricd, observabild numai la microscop. Indivizii izolati mai mari de
baritind pot apare ca : a) prismatici, dar de obicei cu cele doud terminafii’
lipsite de fete cristalografice : b) alotriomorfi, cu conture neregulate, chiar
dantelate) si cu suprafata poroasi. Cristalele de ba1itind de talie micd sint
cele mai adesea idiomorte si corodeazs baritina de talie mai mare, sugerind
o succesiune in timp a acestor doud tipuri de baritind. Notdm cd, indife-
rent de dimensiunile cristalelor de baritind, nu se observi o o1 1enta1e spa~
tiald preferentiali a acestora. In citeva cazuii, masa porfiricd a minereului
este traversatd de filonase de baritind constltulte din fascicule divergente
de indivizi alungiti alotriomorfi (cu forme lenticulare aplatizate), care
reprezintd ultima generatie a acestui mineral, cunoscutd piné acum de noi.-
In concluzie, in minereu, se observs trei tipuri de baritini, care s-au succe-
dat astfel : baritina de dimensiuni mari (I), baritina de tahe micd (11), st
baritina (I1T) din filonasele care stribat ansamblul format de baritina I si
11. Toate generafiile de baritini stribat sau corodeazi cuartul. Cuartul
apare sub formé de granule de dimensiuni gi forme variate (predominant:
semirotunjite §i subordonat angulare), care prezintd frecvent extinctie on-
dulatorie. Indivizii de cuart apar izolati sau in mici aglomeriri. Sericitul
(vezi figura) constituie paiete, mici aglometdri sau fisii foarte subtiri, in-
conjurate de indivizi de baritind. Witheiitul (analiza chimicd si analiza
DTA wvezi fig. pe o probd integrali de minereu, confiznmi prezenia:
witheritului), sporadic in minereu, ocupad mici spatii in masa baiitinei (gk-
este mai nou ca baritina II), fiind deobicei alotriomo1f sau xenomorf. Men-
{iondm c% batitina este prezentd mineralogic si la 3 km spre NNW de fo-
rajul 532, fiind evidentiatéd de noi siin forajul 163 (intervalul 30,00—33,50),
situat In versantul sting al véii Belcina. Aici, baritina este asociatd cu car-
bonati (calcit, witherit), constituind impreund mici filonage care stribat
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roca blastodetriticd, aledtuitd din cuart, feldspat si sericit. Mineralizatia
este foarte probabil mezozoicd, intrueit prezintid multe asemindri cu zdca-
mintul epigenetic de baritind -+ witherit de la Ostra (situat tot in zona
eristalino-mezozoicd, la cea 70 kim mai la nord de regiunea Pingirafi), loca-
lizat in formatiuni metamorfice si in depozite mezozoice (triasice si juia-
sice). La scard regionald, mineralizatia de baiiting din forajele 332 gi 163
apare pe un aliniainent metalogenetic orientat NN'W-—SSE, care ocupi
0 pozitie mai internd in cadrul zonei ciistalino-mezozoice, in comparatie cu
cel al zicimintului de la Ostra.

QUESTION

FTI. Savu : Auquel processus géologique est due la constitution des minéralisations de
barytine présentées?

Réponse : Jusqu'a présent on n'a pas remarqué aucune relation évidente entre les miné-
ralisations de baiyline et I'activité magmatique dans la zone cristallino-mésozoique des Caipates
Orientales. Considérant ¢ue les minéralisations sont d’age mésozoique, une connexion génétique
avec Pactivité magmatique qui a généré aussi Ie massif alcalin de Ditriu est possible.

EXPLICATION DES PLANCHES

Planche IIT

Fig. 1 — Mineral de barvtine & structure porphyrique de Ostra (collection M. Kriutuner).
N//, x23.

Fig. 2 — Mincrai de barytine a strueture porphyrique de Pingédrati (forage 532). Au centre,
barytine I (poreuse) dans la masse {inement cristalline de la barytine IL. On note la
tendance vers 'idiomorphisme de la barytine IT. N 4, X 53,

Fig. 3 — Minerai de barytine de Pingérati (forage 532). l.es cristaux de barytine I sont corrodés
par la masse finement cristalline de la barytine II. N -, X 23.

Fig. 4 — Alincrai de barytine de Pingédrali (forage 532). Un petit filon, constitué de crislaux de
baryline ITI plus largement cristallisée, traverse la masse finement cristallisée de
la baryline 1. N -, x 23.

Planche IV

Fig. 1 — Minerai de barytine de Pingirati (forage 532). Barytine IT traverse une partiec du quartz
a extinetion ondulatoire, (relique de 'a roche métamorphique blastodétritique).
N <4, X 950,

Fig. 2 — Minerai de barytine de Pingérafi (forage 532). Baiytine IT aux elivages prismatiques
(001) déformés {cas rare dt aux mouvements tectoniques striclement locaux, probable-
ment antérieurs a la barytine I1I). N + , » 100.

T'ig. 3 — Baryline aux clivages (001) dans la roche blastodétritique de la région de Belcina
(forage 163). N//, » 55.

Fig. 4 — Cristaux de barytine divergents dans la roche blastodétritiyue de la région de Belcina
{forage 163). N =2- , x 55,
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2. ZACAMINTE— GEOCHIMIE

GLASS AND FLUID INCLUSIONS IN SOME BANATITES FROM THE
' GILAUMOUNTAINS (ROMANIA)?

by
VASILE POMARLEAN( 2

Banalite. Quartz. Feldspar. Fluid inclusions. Geothermomelry. Apuseni Mls — Neocre-
taceous- Paleogene magmaliles — Bdila.

Abstraet

The paper is a description of the main types of glass and fluid inclusions in the banatiles
from the Giliiu Mts. Considering the filling grade of glass inclusions in the banatite phenocrysts
the eonsolidation tempeiature of these rocks is supposed to execed 1100°C. The fluid inclusions
in hanatites, similar to thosc in skarn ores and hydrothermal ores, are chaiacterized by a tem-
perature interval of 165° — 430°C. The salinity of solutions ranges from 4 to 30 % wt Na(Cl.

Résuamé

Inclusions vitreuses ef fluides dans des banatites des monts Gilau (Roumanie). On décrit
ies principaux types d’inclusions vitreuses et fluides dans des banatites des monts Giliu. Tenant
compte du degré de remplissage des inclusions vitreuses dans les phénocrystes des banatites,
onsuppose quelatempérature de consolidation de ces roches dépasse 1100°C. L es inclusions flujdes
dans les banatites, semblables aux inclusions dans les minerais des skarnes et les minerais hy-
dro thermaus, se caractérisent par 'intervalle de température de 165° —430°C. La salinité des
solutions varie de 4 4 30 % wt NaCl

A. Introduction

On Romanian territory banatites associate with iron, woliram, gold
and silver, sulphide, porphyry copper and other ores.

The genetic relations between ores are usually defined according to
their structural, geologic, mineralogic and geochemical features. Additio-

' Received on November, 30, 1986, accepted for publication on November 29, 1986,
presented at the Symposium of May 30 — June 1 in Cluj-Napoca.
2 Institutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678, Bueuresti, 32.
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nal information on the genetic relations between these rocks and the ores
is supplied by the study of glass and fluid inclusions. The first investiga-
tions of this type regarded the quartz monzodiorites at Lapusnicu Mare
(Banat) and the related porphyry copper ore (Pomarleanu, Intorsureanu,
1982, 1985).

The banatites from the Gildu Mts, generated by consolidation of
calc-alkaline magma, occur as granodiorite intrusive bodies and andesite,
dacite, rhvolite, lamprophyre dykes, veins and sills (Lazir et al., 1972,
Stefan et al., 1985).

The ir on and sulphide ores from Cacova-Bdisoara area were studied
by Lazir and Intorsureanu (1982). As a result of fluid inclusion studies in
this alea, a genetic model of mineralizations was elaborated (Pomar-
leanu et al., 1988).

The aim of the present paper is to obtain some genetic relations be-
tween glass and fluid inclusions in some banatites in the Gildu Mts and the
fluid 1nelu81ons in the related ores. Banatite occurrences in Tertii Valley
and Valea Lita at Biisoara, in Tara Valley, Valea Vadulul Flnatelor Valley
and Valea Caselor (Pamcem) were investigated.

B. Fluid inelusions

The quartz and feldspar phenocrysts of banatites contain glass and
fluid inclusions. Glass inclusions are primary ones and preserve drops of
the igneous melts which had generated them.

Comimonly secondary fluid inclusions accompany the glass inclusions.
They are subsequent to banatite consolidation, concomitantly with the
ore deposition. The study of secondary fluid inclusions in rocks resulted in
developing of prospecting methods of mineral resources (Pomarleantu,
1975).

1. Glass inclusions

The microscopic study of quartz and feldspar phenocrysts of bana-
tites pointed out several types of glass inclusions. The quartz phenocrysts
contain isolated or grouped inclusions, with a diameter of a few to several
hundred microns. The relatively small inclusions are clear, while the large
ones are completely or partly devitrified. According to the number of pha-
ses contained and the devitrification degree, there are several inclusion
types :

a) two-phase inclusions consisting of glass and a gas bubble, frequent-
Iy present in the dacites in the Iara Valley (14, F10 1, Pl. 11, Fig. 2);

b) two-phase inclusions (glass - opaque er ystals) aecompanled

by glass inclusions with gas bubbles (Pl. I, Fig. 2);

¢) three-phase inclusions consisting of glass + CO, liquid + CO,
gas, reported from a dacite apophyse encountered at depth in Valea Lita
mine(Pl. I, Fig. 3);

d) three—phase inclusions of glass, opaque minerals and a gas bubble
(Pl. 11, Fig. 1);

e) three-phase inclusions (glass + gas 4 crystal);

f) devitrified glass inclusions (P1. 11, Fig, 3).
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Fig. 1 — Filling temperatures of secondary fluid inclusions in rhyolites (Valea Vadului). A —
histogram of early liquid and gas inclusions: B—histogram of subsequent inclusions;
1, homogenisation in liquid phase; 2, homogenisation in gas phase.

Devitrified glass inclusions were generally reported from dacites
next to the ores. They are usually surrounded by fissures filled with secon-
dary fluid inclusions. The large inclusions of several hundred microns are
devitrified, and the small size inclusions of tens of microns are clear.

The glass inclusions (glass + gas) in quartz and feldspar phenocrysts
of banatites are generally transparent and account for their rapid cooling
subsequent to their formation. Similar inclusions appear in the da-
cites from the upper course of Iara Valley and Somesul Rece. Devitrified
inclusions are frequent in the dacites on Valea Caselor (Pdniceni) and,
according to Takenouchi and Imai (1975), they seem to result from slow
cooling rate and the hydrothermal action which subsequently affected
these rocks. This is demonstrated by Péniceni dacites. Taking into account
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230 240 250 260 270 280 °C

Fig. 2 — Histogram of homogenisation temperatures of fluid inclusions in calcile from Lita
sulphide ore.

that the dacites from Valea Finatelor-Valea Caselor perimeter are marked
by slow cooling, they point to a relatively deep-seated source, compared
to other banatites from the Giliu Mts (C. Lazar, unpublished data, 1986).

2. Fluid inclusions

Glags inclusions in banatites are accompanied by numerous fluid
inclusions, owing to the hydrothermal solutions which entered the cavities
and fissures of banatitic rocks adjoining to the ore deposits. They preserve
microscopic drops of ore forming fluids. These fluid inclusions in banatites
form a dispersion halo which accounts for the hydrothermal metamorphism
facies of banatites and are relevant of some non-exposed ore bodies. The
banatitic bodies deprived of ores (Iara Vallev upstream Biigoara, or So-
mesul Rece Valley) contain sparse inclusions, while in Cacova-Baisoara-
Lita and Somesul Cald-Crisul Repede perimeter the inclusions are rather
frequent.

According to the phases contained, the fluid inclusions in banatites
are assigned to the following categories : monophase, biphase and poly-
phase.

2.1. Monophase fluid incusions (gas or liguid)

2.1.1. Gas inclusions are characterized by the microcavity filling
with gas. They occur in quartz phenocrysts of granodiorite porphyries on
Tertii and Lita valleys (Pl ITI, Fig. 1).

2.1.2. Liquid monophase inclusions are subordinate.

2.2. Biphase fluid inclusions

Type I is represented by inclusions consisting of water--gas, the
latter representing 2—509, of inclusion volume. Inclusions of this type
occur both in banatite phenoecrysts and in ore minerals. They show simi-
lar morphologic features, are secondary in banatites and primary and
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secondary in ores, depending on parageneses and deposition stages (Pl
III, Figs. 2, 3). They exhibit oval, tubular, frequently irregular contours
or occur as negative crystals. The negative crystal shape is due to the
habit of host crystal.

Type II includes those inclusions with 50—98%) gas (PL III, Tig.
4, Pl 1V, Fig. 1).

Their contours vary from irregular, oval shapes to negative crystal
ones. They are reported from rhyolites (Valea Vadului), granodiorite
porphyries (Xertii Valley), dacites (Lita Valley, Valea Casgelor and Valea
Finatelor) as well as in their related ores.

2.3. Polyphase inclusions

These inclusions consist of liquid, gas and one or several crystals.
Solid phases include halite and silvine (P1. IV, Figs. 2, 3).

Polyphase inclusions occur in the Dbanatites from Lita-Biigoara-
Cacova ores, being subordinate in Sontesul Cald-Crisul Repede perimeter.
Polyphase inclusions consisting of liquid--gas+halite+4silvine+opaque
miinerals are present in the first area and in the metamorphics next to
the banatite contact area (Pl. IV, Fig. 4).

Taking into account these inclusions in banatites and related ores
from Lita-Biisoara-Cacova perimeter, it was shown that the salinity of
hydrothcrmal solutions during ore forming processes varied from 30 to
509, XNaCl. The high salinity degree follows the NNE —SSW trending
- fracturer, starting from Lita Valley to Valea Vadului (Pomdirleanu et
al., 1988). '

In Somesul Cald-Crisul Repede area, biphase inclusions of types
I and IT are widespread and high salinity polyphase inclusions are subor-
dinate.

Monophase (gas), biphase (liquid4-gas) and polyphase inclusions
in a single crystal as well as within a mieroscopic field were noted. They
account for boeiling during the circulation of solutions and the deposition
of ores.

The study of fluid inclusions in banatites points to a fluid inclusions
halo larger than the area of hydrothermal metamorphism transformations
represented by argillisation, sericitisation, pyritisation, silicifiation, car-.
bonatation and epidotisation. The banatites unaffected by hydrothermal
processes in the Iara and Somesul Rece valleys show sparse fluid inclusions.

C. Geothermometric data

Following the filling degree and some literature data (Takenouchi,
Iimai, 1975), the homogenisation temperature of glass inclusions in quartz
phenocrysts seems to exceed 1100°C.

Fiuid inclusions in banatites exhibit homogenization temperatures
of 185°C—430°C. _

Diagiams have been drawn for fluid inclusions in Valea Vadului
rhyolites and for calcite in Lita ores. )

The Valea Vadului rhyolites are characterized by two generations
of secondary fluid inclusions: mainly liquid inclusious (type I) and
mainly gas inclusions (type II), concomitantly formed (Pl III, Fig. 4).
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The filling temperatures are similar for both inclusion types. The
only difference is represented by the fact that mainly liquid inclusions
homogenize in liquid phase (332-—375°C), while mainly gas ones homo-
genize in gas phase (Fig. 1, histogram A).

Secondary fluid inclusions, of second generation, reported from
the same rhyolites, exhibit lower temperatures (250—310°C) and a fre-
quency maximum of 275—280°C (Fig. 1, histogram ' B).

The hydrothermal calcite, subsequent to sphalerite in the sulphide
ore related to Lita banatites, is characterized by temperatures of 235 —
271°C, and a frequency maximum of 250 —255°C (Fig. 2).

High salinity polyphase inclusions in banatites and related ores show
temperatures of 370 —460°C.

D. Conclusions

Glass and fluid inclusions in banatitic rocks from Gildu Mts are
reported.

Primary glass inclusions are represented by biphase (glass3-gas
bubble), three-phase (gas+CO, liquid+ CO,gas; glass{-gas|crystal) and
devitrified inclusions.

Secondary fluid inclusions are represented by low density (mono-
phase — gas), relatively high density (biphase) types and relatively low
and high salinity polyphase inclusions (30—509, NaCl). These inclusions
resemble those in the ores related to banatites. -

The type of fluid inclusions in banatites depends on the ore features
Thus, in Lita-Biigoara-Cacova area high salinity polyphase inclusions
prevail, while in Somegul Rece-Crigul Repede area water and glass inclu-
sions are present. Fluid inclusions in banatites unaffected by hydrothermal
metamorphism (Iara, Somegul Rece Valleys) are sparse.

The study of glass inclusions allows the characterization of tlme and
space dlfferentlatlon of magmas and different banatite types.

The investigation of fluid inclusions in banatites and related ores
informs on the evolution of ore solutions starting from their source to the
ore deposition.

The dispersion halo of fluid inclusions in banatltes is larger than the
hydrothermal alteration area.

Considering the filling degree of glass inclusions and some literature
data, the consolidation temperature of banatites is estimated over 1100°C.

The temperature of hydrothermal solutions of fluid inclusions varies
between 165° and 430°C.

REFERENCES

Lazir C., Intorsureanu I., Popescu M. (1972) Studiul petrografic al rocilor banatitice din zona

Masca-Béisoara (Muntii Apuseni), Is. S. Inst. Geol. Geofiz., 1.VIII, p. 143—173, Bucuresti

— Intorsureanu I. (1982) Contributii la cunoasterea zicamintului de fier de la Masca-Bdi-
soara (Muntii Apuseni) Li. S. Inst. Geol. Geofiz., LXV /2, p. 45—89, Bucuregti.



7 GLASS AND FLUID INCLUSIONS IN BANATITES FROM GILAU MOUNTAINS 87

Stefan A., Lazir C., Intorsureanu I., Ttorvath A., Gheorghild [, Bratosin 1., Serbiinescu A.,
Cilinescu E. (1983) Petrologic study of the banatitic cruptive rocks in Uhe easteen part
of the Gildu Mts, D.S. Inst. Geol. Geofiz., LXIX/1, p. 215 —246, Bucuresti.

Pomirleanu V. (1975) Decrepitometria si aplicaliile ei in prospectiunea zicimintelor de mine-
reuri, I5d. tehnicd, Bucuiesti.

— Intorsureanu I. (1982) Asupra posibilitatii utilizdrii incluziunilor fluidc ca indici in pros-
peciarea zdcdmintelor porphyry coppe: (mineralizalia de la Lipusnicu Mare, Banat),
D.S. Inst. Ge L Geofiz., LNV, p. 117 —125, Bucuresti.

— Intorsureanu I. (1983) Salinity of {luid inclusions in porphyry copper ore deposits and
their signilicance in geobarometry and prospecling (L.dpusnicu Mare ore deposit — Banat),
D.S. In t. Geol. Geofiz., 70—71/2, p. 8395, Bucuresti.

— lazar C., Intorsureanu I. (1988) Fluid inclusions in the mineralizations [rom llie Valea
Lita—Bdiscara — Cacova lerii area (\puseni Mls), D.S. Inst. Geol. Geofiz.. 72—7.’_‘»‘/2,
p. 127 — 143, Bucureyic

‘Takencueni S.. Imai 11 (19753) Glass and fluid inclusions in acidic igneous 1ocks fiom sorie mi-
ning areas in Japan [ec. geol., 70, p. 750—769.

INCLUZIUNI STICLOASE $I FLUIDE IN UNELE BANATITE DIN
MUNTII GILAU (ROMAXTA)

(Rezumat)

In lucrare se deseriu principalele tipuri de incuziuni sticloase si

iluide in uncle granodiorite, dacite §i riolite din-muntii Gildu.

Incluziunile sticloase, care piastieazi in interiorul lor topitwi de
stlicati din care s-au format aceste 1oci, se subdivid in mai multe grupe :
bifazice (sticld + gaz; stield + ciistale), trifazice (stield -+ CO, lichid -+
- CO, gaz; sticld + gaz 4 minelale opace) si polifazice (sticld 4 gaz -
—- doui sau mai multe mineiale).

Cele fluide, ca utmale a proceselor pneumatolitice, de xkain i hidro-
termale depuse pe fisuri in fenocristalele din roci, la rindul lor, se subdivid
in: incluziuni gazoase, lichid - gazoase §i polifazice (lichid + gaz -+ ha-
lt L silvind -+ calcopiritd ete).

Dupi giadul de umplere al incluziunilor sticloase se apleciazi ci
hanatitele s-au tormat la tempelatui superioare de 1100°C.

Cele fluide, contemporane cu cele din mineralizatiile din regiune
indicd un interval de temperatw & de la 165°C la 430°C.

EXPLANATION OF PLATES

Plate I
¥ig, 1 — Biphase (8lass+ gas) 8lass inclusion in quartz phenocryst of dacites in lara Valley,
Fig. 2 — Glass inclusion (glass 4 gas) and glass inclusion with opaque crystals in dacites in

lara Valley.



V. POMARLEANU 8

88
Fig. 3 — Three-phase glass inclusion (glass + CO, liquid 4 CC, gas) in quartz phenocryst
of dacites in Valea Lita.
Plate 1I
Fig. 1 — Polyphase glass inclusion (glass + gas + several opaque crystals), from Valea Lita.
Fig. 2 — Glass and fluid inclusions in feldspar crystal of dacites in Valea Uita.
Fig. 8 — Devitrified glass inclusion and secondary fluid inclusions on fissures in Valea Caselor
dacites (Piniceni).
Plate 111
Fig. 1 — Azonal, gas fluid inclusion in quartz crystal of granodiorite porpliyries in Ier}ii Valley
(Biisoara). '
Fig. 2 — Biphase [luid inclusions in quartz phenoeryst of dacites in Valea Finalelor (Péniceni).
Fig. 3 — Mainly gas containing fluid inclusion, right top, and type I biphase inclusions in quartz
plenocryst of Valea Caselor (Pdniceni) dacites.
Fig. 4 — Mainly gas containing fluid inclusion (type II) and type I fluid inclusions in quartz
phenocryst of Valea Vadului rhyolites.
Plate 1V
Fig. 1 — Mainly gas containing inclusion in quartz veins with sulphide ores in granodiorite por~
phyries in Iertii Valley.
Fig. 2 — [igh salinity polyphase inclusion (aqueous solution, gas, halite, probably silvine) in
quartz phenocryst of Biisoara granodiorite porphyries.
Fig. 3 — Inclusion consisting of aqueous solution, gas, halite and silvine, and biphase (liquid 4=
+ gas) inclusion- in vein quartz of granodiorite porphyries in lerfii Valley.
Fig. 4 — Inclusion consisting of aqueous solution, gas, halite, silvine and two opaque niinerals

in quartz of metamorphics from banatites contact arca (Cacova).
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PRELIMINARY DATA ABOUT SIDERITE AND SULPHIDE MINE-
RALIZATION ON THE CERE BROOK (CIUCULUI MTS.)!

by
MITTAT RUNCEANU 2, GABRIEL VQIGU 2

Mineralizalion. Siderife. Sulphides. Hydrothermal processes. Neogene. Volcanic rocks.
Hydrothermal alteration. Structural conirols. Minor elements: S¥|S32.East Carpathians —
- — Crystalline-Mesozoic Zone — Hdaghimas Mls. A\'e’vogene—()ualel'naz'y Fruplive — Har-
“ghita. ’

Abstract

This paper describes mineralogical, geochemical and structural aspects of Cere brook
mineralization (Ciucului Mts.). This mineralization is hosted on a fracture which is about NS
oriented, at the contact between micaceous gneisses of Bretila group and flysch formation which
is represented by Sinaia beds. Tt is characteristic the siderite-iarcasite-sphalerite-greygite para-
genesis which indicates a hydrothermalism ol low temperature related to neogene volcanism.

Résumeé

Données prélimincires sur la minéralisation de sidérile el sulfures du ruisseau de Cere
(monts Ciucului). On présente les traits minéralogiques, géochimiques et strueturaux de la miné‘-i
ralisation mise en ¢évidence sur le ruisscau de Cere (monts Ciucului). La minéralisation
est située sur une fracture orientée approximativement nord-sud, au contact entre les gneisses
micacés du groupe de Bretila et la formation du {lysch représentée par les couches de Sinaia.
La paragenésc caractéristique sidérite-marcasite-blende-greigite indique une activité lydro-
tliermale de basse tempéralure associée au volcanismie néogéne. :

i. Introduection

" Our mineralization is placed in southern part of Ciucului Mts. Cryss
talline (Bast Carpathians) on the middle course of Cere brock at about

1 Beceived on #ay 11, 1987, accepted for eominunication and publication on May
12, 1987, communicated at the Meeting on May 28, 1987. :
2 Institatul de Geologie si Geofizicd, str. Caransehes 1, IX 79678, Bucuresti 32.
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3.5 km eastwards Mihiileni and about 3 km northwards Frumoasa place
(PL. I).
Musat et al. (1985) mentioned this mineralization for the first time.

2. Geological setting

Crystalline, sedimentary and volcano-sedimentary formations cons-
titute this region from geological point of view. The nearest known erup-
tive body, which is composed of pyvroxene andesites is placed at about 4 km
westwards from the mineralized zone.

Metamorphies belong to Bretila group, which as a whole is consti-
tuted of micaschists, micaceous gneisses, amphibolic schists. In the mine-
ralized zone, metamorphic rocks belong to Bretila 2 formation (Muresan,
AMuresan, 1972) and are represented by micaceous gneisses.

Sedimentary formations, in the zone of Cere brook, belong to the
Triassic, Jurassic and Cretaceous.

Triassic is composed of grey massive dolomites (Campilian-Anisian)
on a thin group of clayey micaceous violaceous schists.

Jurassic is represented by vellow quartzitic gritstones with limy ce-
ment attributed to Lower Lias (Patluhus et al. 1962) Both Triassic and
Jurassic formations belong to the Bucovinian N appe.

Cretaceous which belongs to Ceahlidu nappe, is represented by Sinaia
beds (Tithonic-Neocomian) and namely by marlo-limestones, gritty
Hmestones and. gritstones with limy cement.

Neogene volcano-sedimentary formation contains products of erup-
tive manifestations and is constituted of pyroclastics, volcanic agglome-
rations, andesitic sands which are subairy and subaquatically deposited.

3. Description of mineralization

Cere brook mineralization is placed on a fracture oriented about
NS at the contact between Sinaia beds and micaceous gneisses of Bretila
2 formation. The brook opens only the altered and mineralized zone on
micaceous gneisses, direct contact between the crystalline and flysch being
covered.

In the vicinity occur springs of carbogasous waters which indicate
both intense tectonization of the zone as well as a postvolcanic activity.

Thickness of mineralized zone is between 0.5 and 4 m and length
about 300 m. Almost the whole length, gneisses are intensely altered by
hydrothermal solutions, on Some portlons being completely argillized.

Mineralization is constituted of siderite, marcasite, sphalerite, pyrite
rarely greygite and sporadically chalcopyrite.

Siderite is met on the lower part of Cere brook middle course as some
veins of breccious texture of about 30 —40 cm thickness and noticeable
Iengths of about 3 m. It was born through sideritization of fault clay by
hydrothermal solutions.

Under microscope, it is noticed a fine carbonatic mass impregnated
with iron hydroxides in which there are included subrounded fragments of
erystals and rocks from initial gneiss. As a result of contraction caused by
_cooling, there were born spaces around fragments as well as fissures in
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siderized clay which went on being filled by a new generation of hydro-
thermal siderite which occurs as a finely grained mass, associated with
sulphides.

Rx diffractogram (Table 1) pointed out a impurificated siderite with
very low quantities of calcite and manganocalcite.

TABLE 1

d and I[10 values calculaled according fo siderile
diffractogram on the Cere brook

No. a(A) } 1/10
1 3.540 | 6
2 . 2.785 10
. 8 2.330 4
4 2.117 5
5 1.955 4
6 1.790% 2
7 1.728 6
8 1.517 1
9 1.500 3
10 1.422 2
11 1.392 1
12 1.387 1
13 1.351 2

Diffractometer TUR M—61, rad. Ce K, filter Fe,
analyst 1. Vanghelie, 1IGG Bucharest

Chemical analysis 2 indicated the following contents : SiO, = 12.229 ;
Ti0, = 0.36% ; AlLO; = 3.11%,; Fe,0; =10.38%; FeO = 36.99%;
MnO = 0.89;% MgO = 0.89,; CaO = 3.37%; K,0 = 0.509%,; Na,0 =
=0.38%; P,0, =09%; H,0 =1.649%; CO, = 28.39%; & = 0.41Y%,
these values being comparable with those of chemical analyses on siderites
from Lueta-Vlihita, Chirui, Madiras and Toplita zones {Szakacs, 1987).
This fact suggests a common origin.

Macroscopically, marcasite occurs as veinlets, crusts, spheroidal aggre-
gates, cementing triturated gneisses and siderized clay.

3 Analyst E. Colios, IPGG. Bucharest
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Microscopic analysis pointed out a great vaiiety of structures. So,
there ate collomoiphic structures, partly reervstallized concentric-radiary
(P1. 11, fig. 1), lamellar (PL. TI, fig. 2), granular, spherulitic. In its mass,
sometimes occur contiaction fissures as a result of crystallization of iron
culphide gel.

Rx diffractogram (Table 2) pointed out a pure marcasite.

TABLE 2

d and I/10 values calculaled according fo
marcasile diffractogram on the Cere brook

No. d(d) 1/10
1 3. 440 5
2 2.690 10
3 2.410 6
4 2.315 5
3 1.906 3
6 1.755 6
7 1.688 1
S 1.676 1
9 1.595 2

Diffractometer TUR M—61, rad. Co Kgz, Iilter Fe,
analyst I. Vanghelie, IGG Bucharest

It was done an analysis of sulphur isotopes® on a monomineral sam-

ple separated at binocular eyeglass, obtaining the following values: 3% S =
= —3.609,, %28/%3 = 22.300.

Sphalerite is quantitatively subordinated to marcasite and oceurs
with collomorphic, beaches, spherulitic aspects.

Sphalerite collomerphically deposited has obvicus banding, easily
noticed under microscope, through colour differences, which vary from
light grey to dark grey (Pl. 11, Fig. 3). Frequently there cccur intergrow-
ths between sphaleiite and mar msﬁe caught into a mass of bmnded col-
]omorphlc sphalerite (Pl. 111, Fig. 1), Ple%ence of most part in collo-
molpmc state in paragenesis mth marcasite indicates low temper aﬂius
of mineralization deposition.

Pyrite cecurs as idiomor phic and hypidiomor phie grains disseminated
in fault clay, siderite and altered gneisses. .

¢ Analyst F. Gaftoi, IGG, Bucharest
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Microscopically there are noticed local concentrations of pyrite in
mayrcasite mass as well as isolated crystals in collomorphic sphalelite.

Greygite (FeyS,) represents metastable iron sulphide cubically crys-
tallized having magnetic features similar to magnetite (Skinner et al
1964).

On our country territorry, it was described in alluvial deposits from
Sebes Mts in Pb— Zn 1nmelah7at10n assoclated to evaporitic deposits
from Jitia and in recent alluvia of Gilort and Galbenu rivers (Udubasa
et al., 1936 ; Udubasa, Arsenescu, 1987).

On Oele brook, grevgite occurs in paragenesis with marcasite and
sphalerite of Lplthelmal nature, so in Fe—Zn association. Greygite of a
same genesis was also noticed by Radusinovie (1966) but in A<~Bb—Hg
veins at Lojane (Iugoslavia).

In our mineralization, it was only micioscopically identified una-
ble to be physically and chemically analysed because of small quantity
in which it occurs. It has irregular nests, finelv-grained in marcasite mass
(Pl. 111, Fig. 2).

Sporadically occurs chalcopyrite of under 0.001 mm in size in side-
rized clay.

4. Hydrothermal alterations and geochemical considerations

As a result of hydrothermalism, in gneisses of Bretila group take
place chemical and mineralogical transformations, neoformation mine-
rals which result belonging toclavey and phyllitic facies (Burnham, 1962)
ar to clayey intermediary and sericitic associations (Mayer, Hemley, 1967).

So it takes place an increase of complexity degree of mineralogical
composition of crystallophyllian rocks either because of primary minerals
substitution or formation of some secondary mineral (omponents which
are directly deposited from hydrothermal solutions.

Ov erlappmw of some mineral different parageneses indicates a pulsa-
ted aspect of hydrothermal solutions, this process taking place at the same
time with changing of solution chemistry and physical conditions of de-
position.

Phvllitie facies is characterized by biotite titaniferous, muscovite,
rtiiose paragenesis, minerals resulted after transformations on gneisses
fl igh temperature solutions rich in Fe, Ti, K (PL. 111, Fig. 3).

C‘layey facies is characterized by al Jlte, sericite, chlorite, zoisite,
clinozoisite paragenesis, indicating that transformation processes took place
simultaneously according to the reactions :

Plagioclase teldspar -+ H,O —albite 4 sericite 4- (a2t
Biotite -- H,O —chlorite 4 zoisite - IX*

Plagioclase feldspar occuis bordered by albite and inside crystals
oceny fine flakes of sericite often oriented on the direction of twinned planes
as well as zoisite-clinozoisite of small sizes, unoriented.

Last transformations caused by hydrothermal solutions determine
the apparition of clayey minerals, especially montmorillonite and kaolinite

as well as secondary quartz. Roetgenostructural analyses on various
types of fault clays indicated neoformation minerals and their quantita-
tive relations (Table 3).

0
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TABLE 3

Results of roenigenostructural analyses of clays on the Cere brook

No. of

N | sample Petrograplhical "type Contents in mineralogical components
1 8149 yellowish, weakly limoni- | kaolinite 59—60 9%, feldspar 20—219%, quartz,
tized clay 15—169%, sericite 2—39,
montmorillonite 40— 419, feldspar 11—129,
2 8150 greenish clay kaolinite 14—159%, quartz, 30— 32%, sericite
4—-59%
3 8152 yellowish clay quartz 46 —47 %, feldspar 25--269,, sericite

illite 11—129% , montmorillonite 5—6%, kac-
linite 4—5%, siderite 2—33.

4 8154A Srey-silver clay sericite+illite36-—379% , kaolinite 10—119%,, qu-
ariz 26—27%, feldspar 11—129%, siderite
—89Y%,, chlorite 4—59%, '

5 8154B | grey-silver clay sericite + illite 42—439%, chlorite 2—39%,
quartz 21—229%, feldspar 20—219%, kaolinite
5—69, siderite 4—59%

6 8155B | black clay quartz 44-—-459, sericite 4 illite 30— 329,
feldspar 19—209%, siderite 2—3%
7 8156A | black clay quartz 33—349%, kaolinite 14—15%,, [feldspar

17—189,, sericite 13— 14 %, siderite 11 —129,
) chlorite 6—79,

8 8156 | grey-whitish clay quartz 40—41 %, kaolinite 14— 159, sericite
+ illite 28—299,, feldspar 13—14 9%,

Analyst G. Cuémirenco, IPGG Bucharest

On values of spectral and chemical analyses on mineralizations and
hostrocks (Tables 4 and 5) we can state the followmcr :

— both spectral and chemical analyses pomt out besides ferrous
character, the zincfeirous one of the mineralization, excepting bigger or
smaller quantities of Zn, meeting in the majority of analysed samples;

— Pb does not form its own minerals being met as Ca and K sub-
stituent and Cu is met sporadically as chalcopyrite, these observations being
also confirmed by low contents in these chemical elements ;

— in analysed samples for S it is noticed a high content especially
caused by sulphur from crystalline network of marcasite and subordina-
tely sphalerite and pyrite ;

— chemical analyses on pyrite from fault clay and on siderite cemen-
ted with marcasite indicated low contents of Au and lack'of Ag;

— there are remarked high values of Ti contents maybe because of
the contribution of hydrothermal solutions ;

— generally Co/Ni ratio is supraunitary, indicating hydrothermal
nature of the mineralization. Variations of this ratioarecaused by the fact
that analyses were done not only on sulphides in the mineralization but
also on host rocks ;

— there are noticed variable contents of Ga, Cr and V which occur

directly related to Ti contents, indicating the same processes of geochemical
differentiation;
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TABLE 4

Resulls of spectral analyses (ppm) in the zone of the Cere brook

No. i\'ll(x)np(])(fa As | zr :Cu Ph |Sn [Mn|Gal Cr|Ni | Mo zZo | Ti |[Co | B |Ba
_ssa7c| o o[ 8 l15 |0 | 150 0 0] 125| 3| 15 [3000| 220| 160 —| 4o
_288470| ol 03 |0 |0 1250000 | of of of10])100 1200 5 —| 15
_ 3|27 o o0/ 0 |3 |0 | 24010 | o o o 3| 250 50 4 —| -
4/ 2175700/ 0 |3 |0 [3000[0 | o o o 3]|270f 100 5 —| —
5| 21759 0| 0| 0 [0 |0 |2800| 3 0l o o350 |2000 150/ 10 —| —
6{9265A] 0| 7040 |40 |4 |200010 | 15 80| 3 80 |100 [2000 3 —| —
7 105/ 400| — 10 [30 |— |— |0 | o 8| 5 — 3000 — 65l 250, —
s 106_0%_—_:__—_—_—__:__: ool Mt S Rl PR ) o W
9 21758_0'__0L 30 | 0 [1200] 8 | 10} 200] 0| ‘5 30003000 250| —| —
__1‘_’_317‘8_“_”!,_”_0_15 0 |P0001 0 | OO 0l 12 3000 350/ 9| 10 45
11| 21781) 0 7040 |0 |0 [w000] 6 | 20| 25 of 15 |100 2200 7| —| —
12 | 92658 0, 350110 |30 | 5 | 60025 | 20| 10| of 100 1002200 5 —| —|
13 19265G | 0 303 (12 |3 130009/ 3 | 0o/ 15| 20| 80| 1001500\ 35 —| —
1420120 | ol ©0/5 |40 [10 13000/ 0 | o] o| o 151800l 30| 15| —| —
15 88478 | 0| 200115 |3 o | 6000 | o o ol 18/ o0 |3000 5 —| 8o
16 |21592 | o] 200{30 |5 | 3 [190015 | 130/ 40| 3| 300 o {3000 35| —| —

Chemical element unanalysed : 1 — pyrite from black clay; 2-5-siderite 4 marcasite;
6-black clay + pyrite: 7 — 11-mineralization from fault clay ; 12—14-fault clay: lo 16- altcred
hydrothermal gneiss. Analysts S. Bunea, 1. Demetresen, E. Popa, TPGG Bucharest

— B and Ba presence in analysed samples suggests the hydrother-
mal origin of the mineralization too.

The study of the mineralization, hvdrothermal alterations and geo-
chemical aspects indicate a pulsatory activity of hydrothermal solu‘monq
on & large interval of temperature, deposition of mineralization taking
place at last comings. The best proof is marcasite-collomorphic %phale—
rite-greygite association. Siderite study pointed out two stages of depo-
sition, the second being associated with metallic minerals too.

5. Conelusions

Mineralogical composrmon, description, contents in minor elements,
show that the 1n111erahzat10n is epithermal, related to neogene Volcamsm.
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TABLLE 5

Resulls of cliemical analgses in the zone of the Cere brook

No. ’ No. of ]i’ Ag f Cu | Pb ' Zn [ S
SRl e gt oo | % L % | %
1] 8847C 0.80 0 0 0.03 0 39-44
21 8847D | 0.25 0 0 0.01 ] 0.04 —
\3 8847L 1 0.36 0 0 0.01 10 5.32
~4 21757 - — 0 0.01 | 0.04 -
\5 21758 — — 0 0 0.70 —
6| 21759 — — 0 0.01 ] 0.14 -
71 21780 0.10 | O 0 0.01 ] 0.82 —
_8 21781 — — 0.0110.01) 0,02 —
9 Cé — — 0 0 .64 | 34.25
101 €9 - — 0 0 0.01 | 3.43

Chemical clement unanalysed : 1,3-pyrite from black clay;
2,4, 6-siderite marcasite; 5,7,8,9,10-mineralization in the
fault clay.”

Analysls S. Stéaniloaie, N. TIosipenco, IPCG  Bucharest

being interesting the marcasite-collomorphic sphalerite-grevgite associa-
tion.

(lose by, in neogene voleanic rocks, there were described hydrother-
mal alterations (Stanciu, 1984), eithier associated with mineralizations or
on nonmineralized fractures. Presence of mineralization on Cere brook
extends the area of hydrothermalism related to neogene volcanism, existing
the possibility to point out new tectonic mineralized alignments both in
metamorphics and flysch formations.

Hydrothermal genesis of siderite in this zone biings another argu-
ment about the origin of one part of siderite related to iron mineralizations
in Lueta-VIihifa, Chirni, Madiras and Toplita zones (Peltz, Peltz, 1982 ;
Szakaces, 1987).

Microscopic identification of greygite was done by dr. G. Udubasa
to whom we are grateful for his help in writing this paper.
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.DATE PRELIMINARE ASUPRA MINERALIZATIEI DE SIDERIT
.SI SULFURI DE PE PIRIUL CERE (MUNTIL CIUCULUI)

(Rezumat)

Mineralizatia de pe piriul Cere este localizati in partea sudici a cris-
talinului muntilor Cincului (Carpatii Orientali), fiind cantonaté pe o frac-
turd orientatd aproximativ nord-sud, la contactul intre metamorfitele
grupului Bretila gi formatiunile de flig (P1. I).

Grosimea zonei mineralizate este cuprinsd intre 0,5 gi 4 m, iar lun-
-gimea in jur de 300 m, mineralizajia fiind alcdtuitd din siderit, marcasits,
blends, pirit#, rar greigit si sporadic calcopiritd, depusé de solutiile hidro-
termale legate de vulcanismul neogen.

Compozitia mineralogicd, modul de prezentare, alteratiile hidroter-
male i aspectele geochimice indicé o activitate pulsatorie a solutiilor hidro-
termale, dispersate pe un interval larg de temperaturd, depunerea mine-
ralizatiei avind loc la ultimele veniri.Dovada cea mai concludentd este -
asociatia marcasitd-blendsd colomorfi-greigit. Studiul sideritului a pusin
evident# dous faze de depunere, cea de a doua fiind asociat# gi cu mine-
ralele metalice.

<
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Prezenta mineralizatiei de pe piriul Cere extinde aria de manifestare
a hidrotermalismului legat de vulecanismul neogen, existind posibilitatea
punerii in evidentd de noi aliniamente tectonice mineralizate, atit in cadrul
metamorfitelor, cit si a formatiunilor de flis.

EXPLANATION OF PLATES

Plate I

Geological map of Cere brook zone. Neogene-1, volcano-sedimentary formation (pyroclastics;
volcanic agglomerations, andesitic sands); 2, Sinaia beds (marly-limestones, gritty limestones,
gritstones) ; Jurassic~3, quartzitic gritstones; Triassic-4, dolomites, clayey violaceous micaceous
schists ; Lower Middte Cambrian-5, Tulghes group (sericitous schists, sericite-chloritous schists) ;
Middle Precambrian-6, Bretila group (micaceous gneisses); 7, geological limit; 8, overthrust
nappe ; 9, fault ; 10, metamorphic schistosity ; 11, hydrothermal alterations ; 12, mineralization ;
13, carbogaseous springs : 14, position of geological section.

Plate 11

Fig. 1 — Collomorphic sphalerite (bl) and marcasite (na) with concentric-radiary texture. N +
X 500. 0 @

Fig. 2 — Lamellar marcasite (ma) and sphalerite (bl) with collomorphic structure. N+,-x 500.

Fig. 3 — Collomorphic sphalerite (bl) with banded texture in marcasite (ma). Oil immersion,
N 4+, x 1250.

Plate IIT

Fig. 1 — Marcasite-sphalerite {ma-bl) intergrowths wrapped by collomorphic sphalerite (blc)
) with banded texture. N+, x500. i
Fig. 2 — Nests of finely grained greygite (gr) in marcasite (ma) network. (il immersion, N,
X 1250, ¢
Fig. 3 — Neoformation bictite in altered gneissss. Nil, x 25.
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2. ZACAMINTE — GEOCHIMIE

/i

PETROCHEMICAL CHARACTERIZATION OF METAMORPHICS
FROM LEAOTA GROUP! ‘

by
MIHAI TATU?, LUCIA ROBU?

Y

Metamorphic rocks. Schist(s. Gneisses.' Amphibolites. Siraligraphic units. Leresti Formation.
Voinesli Formation. Célusu Formalion. Leaota Group. Geochemzslrj Major elements,
South Carpathians — Gelic Domain — Leaota Mis.

Abstract

Petrochemical study of metamorphics from Leaota group pointed out that they can he
grouped in three tendency domains (magmatic, sedimentary and mixed) according to the nature
of premetamorphic material. At the same time, certain petrochemical parameters (oxidation
degree, K,0/Na,O ratio) certify that some levels, belonging to Leresti and Cilusu formations
are intensely retromorphosed.

Reésume

Caracierisation pélrochimique des mélamorphiles du groupe de Leaola. L’étude pétrochi-
mique des métamorphites attriBuées au groupe de Leaota a mis en évidence la possibilité de
les distribuer a trois domaines de tendance (magmatique, sédimentaire et mixte) en fonction
du type de matériel prémétamorphique. Certains paramétres pétrochimiques (degré d’oxydation,
rapport K,0/Na,O) attestent la présence de quelques niveaux des formations de Leresti et
Calusu intensément rétromorphisés.

Together Wlth the studies on mineral reactions, superposed para-
geneses, blastesis-deformation relation, mega- and microstructures, petro—
chemical analysis comes to complete the image about metamorphics in
our zone.

Lately a constant preoccupatlon was solving the problem of the pre-
metamorphic character of the analysed rocks. If in the case of anchimeta-
morphics or epimetamorphic formations, the situation is relatively simple,
because parageneses and structures specific to the originary domain (mag-
mafmc or sedimentary) survive, the situation becomes more complicated,

1 Received on April 14, 1987, accepted for communication and publication on April 16,
1987, communicated at the Meetlng on April 17, 1987. :
2 Institutul de Geologie §i Geofizicd, str. Caransebes nr. 1, R 79678, Bucuresti 32.
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even ditficult to determine in the case of middle or high grade metamor-
phies, influenced by retrograde and/or prograde overlapped processes.
Many investigations have tried to find out a solution in this last case,
drawing up dlagrams or some equatlons of discriminating character. They
were done by means of successive attempts or an impressive number of
analyses.

Because lately there were analysed a 1elat1vely great nuinber of
samples from rocks belon@mw to the Leaota group metamorphlos it was
convenient to discuss varlatlon of certain components on petrocrraphlcal
types belonging to some distinct lithostratigraphic entities. Although, the
quantity of various types is unequal, however representativeness of the
samples leads to interesting conclusions. So, it was tried a classification
of tendencies in premetamorphic character of analysed samples. This was
achieved by means of some diagrams and a discriminating equation, after
grouping rocks in three main types: amphibolites and chlorite-albitic
schists, gneisses, micaschists. These diagrams (CaO/MgO/Fe, Walker et
al., 1960 ; Ti0,/Si0,, Tarney, 1977 ; alk/mg, al-alk/c and c/mg, Leake,
1969 TIOZ/F and MnO/TiO,, Misra, 1971 a,nd AF,=10.44 — 0.21 SiO,—
—0.32 Fe,0; total— 0.98 MgO 4+ 0.55 CaO + 1.46 Na,0 4 0.54 K,0,
discriminating equation (Show, 1972) which have negative values for sedi-
mentary domain and positive ones for that of igneous rocks, being selected
on account of some successive tests on various petrographical types and on
account of the results of their application in the literature. The way in
which obtained data are presented in table 2 (Renkopif, 1968) has been
chosen in order to underline certain tendencies concerning the belonging
to a premetamorphic petrographical type (S-sedimentary, I-igneous).
We used symbols (8) or (I) for the situations in which because of the sam-
ple distribution, certitude decreases to 0.75 (of unitary value) and symbol
(—) for inconclusive tests. Concerning the metamorphics, we excluded
magmatic rocks which crop out within Leaota Mts. (Albesti granite, Lalu
granlte and eclogites) whose petrochemical features have been analysed
in various issued works or in IPGG reports (Gherasi et al., 1966, 1971 ;
Dimitrescu, Murariu, 1982 ; Chirici et al., 1982 ; Gheuca, Dlniczi, 1983;
Sabau et al., 1984 ; Tatu, Sabédu, 1985)

Analyses presented in table il have been separated on petrographical
types and lithostratigraphical entities. So we took into consideration Ghe-
uca & Dinicd, 1986 lithostratigraphical scheme for Volnesti and Leresti
formations and Gheuca & Dinicd, in Udubaga et al., 1985 for Cdlusu for-
mation. Later on we maintained the name of Valea Frasmulul for the am-
phibolites and micaschists with garnets from the lower part of Cipitanu
level (Gheuca, Dinica in Udubasa et al., 1985). :

Retromorphie amphibolites and chlorite-albitie sehists

Rocks belonging to Valea Hotarului, Roménescu, Valea, Dobriasu,
Clébucet, Valea Frasinului, Cipitanu levels have Al, O, and FeO values
homogeneous as compared to Bughea and Stoenesti levels which are rather
dispersed.

Regarding MgO values, it is noticed a variable character in the case
of Valea Hotarului, Bughea, Roméanescu and Clibucet amphibolites and
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TABLE 1

Leaola group — chemical analyses

Noof| &« | & | & o 5 st | £ 1
O e o o) ,O; ) Q N C?\, o Q 3 ON ON Total
sample 3 | 2 (2| E B2 (8| S| E|E|&|8|ulfid
1 2‘3 4 5[6,7,89101112131415 16 |
Voinesti formation
Valea Hotarului level
Gneisses (VHEg)
6850 [69.50(15,62(1.53| 2.16 | — 0.730.472.275.090.760.250.390.110.89 — 199.88
8871 |70.80|14.35|1.10| 1.89 | — [0.6411.573.02|3.96/0.40{0.17/0.19{0.13]1.15| — | 99.54
8 ]69.93(14.60{1.90|1.55 | — {1.30{1.80}2.80/4.30]0.55|0.15| — | — [0.17] — |99.34
5193/369.39(12.40/2.52| 2,30 | — [1.78}1.27|3.56]4.21|0.72]|0.08] — |0.11|1.25{0.20! 99.00
74H 169.04{17.25|0.44| 2.06 | — [0.70{1.12(2,97(5.10[0.70}0.30|0.56/0.05(0.65 99.92
77H |69.50{15.62(1.52| 2.16 | — |0.73]|0.47({2.27(5.05]0.76/0.25/0.38/0.11{0.89 — {99.88
75H 169.30{17.03}(0.10{1.80 | — ]0.59/0.88|3.14|4.95]|0.62(0.29|0.62(0.04[0.43|— 99.79
10438 |73.20]14.35(0.16|1.44 | — [0.44]0.40|3.10]{4.95(0.40{0.30{0.75[0.04{0.28] — | 99.86
837 164.84/15.05(2.00(/ 3.96 | — |1.38|4.06{3.30]3.00(1.05]|0.08(0.17] — ]0.63/0.24| 99.81
838 167.45(14.57|1.20]3.24 | — |1.17]2.59]3.00{4.30{0.90]/0.08] — | — |0.96/0.24] 99.78
N
Amphibolites (VHa)
A |
302 [49.82(14.02|2.446.26 IO.35}9.15 8.89(2.62/1.65(1.07/0.08 1‘720.08|1.48}0.0899.71
273 [50.42(12.80{3.40{7.92 10.22|7.10{9.80{4.43[0.87;1.62{0.11 0.53| . — [0.47]0.16/99.76
. 16853 64.8417,21\1.463.02 ’0.02!1.132.152.784.35‘0.930.26|0.35i0.05|1.11u—- 99.71
Micaschists (VHm)
| | ' l
6248 ‘48.00 13.60!2.18!10.34'0.22}6.08l8.51‘3.12!1.0512.70!0.7410.95‘0.172.50 — 1100.31
T A e R S
. Bughea level
Amphibolites( Ba)
] ) [ I
5411 {50.97(15.7213.63;7.49 (0.18{7.10{7.17]|0.73[0.86{1.50/0.34,0.66/0.06] 0.32] — | 98.77
2385 |48.75(13.75|6.00{3.62 ]0.35/10.4]6.85]2.95|0.80(2.00]0.22/0.40/0.06; 0.22] — }100.33
4201 |52.80(18.00!4.23(4.96 [0.17[4.14{5.00|5.44/0.17(1.30/0.17| — |0.10| 3.16/0.42{100.06
T1 [44.33]23.20; — |7.56 [0.16|4.72{5.60{1.98|1.66]0.75/0.02] — |0.15/ 0.46/0.40{100.06
T2 |47.00[13.50(9.38!5.32 {0.14|2.12(6.16]2.50{1.81|0.77|0.10| — (0.21{10.640.22| 99,87
T3 147.90/19.04/4.03!7.12 |0.16(1.98/5.32/2.26{1.16/0.95]0.07] — [0.22] 9.390.04] 99.64
. T41]46.85(19.12'5.60:8.71 10.12(5.08]3.01 1.991|.231.500.17 — 10.40] 5.95/0.52(100.23
T5 147.01]21.40(3.95/|8.12 [0.14|1.38]5.60(1.5610.67{1.20]0.23} — [0.29] 8.04/0.59/100.18
T214 |48.9623.04/5.46(6.72 [0.17]2.36|4.97|2.42/0.93]1.27]0.12| — 10.22| 2.56(0.06] 99.76
T247°152.40(21.23]2.82!5.00 |0.39}4.60]7.00]2.48}0.59{0.90]|0.10]0.34] — | 1.64/0.30| 99.79
T250 48.7916.575.0719.44 0.45(5.20[6.79/2.90/0.42[1.72{0.10] — [0.09 1.70{0.30| 99.63
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Michaschists (Bm)
7535 162.75|12.40/4.52{4.03 [0.14{2.88] 4.83/3.25{1.75/|0.65/0.18/0.73] —- |1.47] — l 99.68
7540 148.80(14.10(5.28]5.320.21|7.80(10.69|2.50{1.03(1.22/0.12{0.54] — [1.91] — ; 99.67
512b |49.45(14.12!5.19|6.60 (0.19(5.97| 7.07(2.70|0.65|1.50{0.26{2.69/0.10|2.75 — ] 99.82
2 |71.70i14.80(1.23{1.4210.04/0.80| 1.10(2.02(4.30/0.70{0.12} — | — [0.15] — t 98.38
Leresti formation
Romaéanescu level 0
Retromorphic amphibolites (Ra)
|
511b|53.20{14.95/6.67{3.91 0.19!4.78}5.882.980.371.900.27!0.520.153.77 — 1100.57
5398¢;69.10[12.80(3.62/1.84 [0.09;1.641.283.71}1.77|0.85{0.121.08{0.171.32f — | 99.54
5398¢55.60(13.70/1.23|4.22 0.26.2.72'7.123.971.420.820.444.410.31 3.04] — | 99.53
270e!67.40]15.64/3.47/1.56 0.09|2.301.105.400.670.750.75 — i — |0.20] — | 99.33
7227,43.20/16.75/5.60/5.76 {0.18/8.13]9.43{2.63{0.41]1.15{0.17;3.54/0.08/2.61] — | 99.65
7402(61.45/16.40!3.16/4.17 0.1812.39%2.853.202.370.570.17;0.35 — 12.10] — | 99.64
1R (48.38/11.44!8.19{7.29 |0 19!5.9015.6012.900.552.400.182.550.483.15 — 1 99.02
muscovite-chloritous albitic quartzitic schists (Rs)
740 (68.90(12.88|4.43(1.46 0.091.761.161.942.54'0.6’7[0.21 1.36|G.081,68 -~ {99.93
3371a|62.95(16.75/4.81{1.56 [0.10(1.77/0.22(3.01]3.04]0.75{0.85/0.60(0.19{1.98] — | 99.55
7520/(62.50[16.10(6.44/1.22 (0.32/1.85(1.08}2.31|4.40/0.65|0.14]0.40{ — |2.05| — | 99.60
2R 65.7%|11.66/4.87(2.91-10.10{2.90|1.68|3.15{2.37(1.24|0.15/|0.52{0.15{1.97] — | 99.52
3R 161.51|18.32]4.4111.89 |0.08{2.50(1.12|2.85!3.32/1.00{0.16] — {0.05[2.83} — | 99.90
Valea Dobriasu level 4-
Micaschists(VDm)
6712 164.05{15.90|3.80(3.52 [0.36]1.92{1.18/2.50/3.20(0.67|0.11(0.45] — |2.15{ — | 99.69
7228 (72.95{11.60(3.76{2.01 |0.10]|1.29|0.84(2.37/2.23|0.65[0.12|0.45] — [1.25] — | 99.70
7518 [66.35(13.80|3.80(3.24.{0.12{2,21(2.16|2.97{2.30{0.55/0.14/0.63{0.20]1.27| — | 99.69
8216 |65.80(16.18(1.96/3.09 |0.15(9.99(|1.90|3.81|2.59(1.01{0.16/0.10(0.03{1.95; — | 99.76
8429 |49.53(26.48{2.19(5.04 {0.15(2.32(1.19/2.84|5.16/1.56/0.29/|0.37(0.05/2.76] — | 99.78
149 167.45(15.21{1.12(2.95 [0.14]2.70{0.70{3.28]2.90/0.90{0.14{0.62] — {1.60{0.09| 99.80
1D (67.53(11.73,8.05(1.30 [0.07/2.10}0.42(1.80|3.30/0.74/0.15| — |0.21{2.25} — | 99.83
2D |74.28|11.72(8.06(1.16 [0.06]0.90/0.70/2.40{2.40/0.68{0.07| — [0.10/2.05| — | 9.66
~ Albitic gneisses (VDg)
152 73.7811.63}1.391.58 0.07i1.100.985.931.000.520.130.43 — 10.95|0.12] 99.61
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ERE R ES (5[6]7|8|9[10|11]12]13|14l15|16
5, 5
Q(L’ Q) ? Clébui:etlevelx “ @
iy 08 4 ochne a1b1t1 nelsses de ’2\

G v A M{({if «\«.\g é( a) 2 i )}‘w
7700|73.57(13.78/0.71 10.86 |0.10/0.36/0.76/3,16/4. 670.440.130.100.110.94 — 199.80
148(75.65| 9.20(0.77 |0.72 {0.07{1.40|2.59|3.30|4.50{0.15|0.07{0.96] — {0.29]0.29{99.88
14775.70| 9.85/0.88 10.65 —1{1.60]1.12/5.32{3.70/0.27/0.10{0.15] — [0.40/0.15|99.89
683177.27| 9.32/1.76 {0.58 —10.42(1.40(3.12{4.95| — 0.15] — {— |0.40(99.59
839/76.64! 8.30(1.20 (1.08 —10.49/2.80!3.85/3.75{ — 10.07{0.20/0.20; — |0.95{99.48
146171.95(12,21{0.80 (3.24 {0.14/2.60]0.91|3.66({1.50/0.77(0.13/0.32] — [1.48(0.14/99.85

Amphibolic retromorphic schists (Cba)

150 {49.73[14.51/2.725.83 {0.18]9.10{11.20[2.95/0.50[1.02{0.07/0.77] — |1.15/0.14{99.87
151 {48.68/15.203.12[7.27 10.2918.10]11.34{2.60] — [1.17[0.17]0.19] — |1.41]0.24[99.78
Valea Frasinului level ] J

Retromorphic amphibolites (VFa)
888 147.94/15.04/5.20 {6.840.19;6.79] 9.03{3.67{ — 1.75/0.12]1,54(0.14{1.16|0.22{99.63
891 [47.70,14.01|5.04 {8.06 |0.22{5.49|10.64/3.07(0.27|2.85/0.20|1.40/0.12}0.63;0.30/99.50
891/1/43.10(15.01|5.94 |7.63 |0.22{5,39/14.00|3.30|0.27/2.25/0.12/1. 850. 18{0. 28|0. 27,99. 79
936 150.51{15.43/5.44 [7.70)0.30/6.90] 7.35|3.37|0.27/1.75/0.12/0.17|0.12|0.23|0.20(99.93
426)7(45.95{17.92(4.28 16.77 |0. 18|7 00} 8.84/3.50(0.65{1.30/0.07;1.98| — |1.28/0.14/|99.83
427 145.62/21.923.40 15.040.20,6,35) 7.52/4.07 0.85[0.85(0.05/1.81| — [1.59|0.34]99.61
843 [51.20116.07{5.24 |5.54{0.15:5,23| 5.81|3.55(0.50{2.35/0.12|1.67| — 12.46| — [99.89

Cilusu formation .4

Cépitanu level

Retromorphic_amphibolites (Ca)
7340{47.15(13.70(6.72 {5.830.36(5.06| 7. 12'3 1210.31/0.57 0.19‘4.10 — |4.45] — 199.61
7162|48.00{16.50/4.64 [6.9810.25/6.90(10.68/2.37(0.21/1.50{0.17/0.12] — |1.28 — (99.60
7302(63.50|15.70/4.00 |3.24(0.10/2.90| 1.10{4.30|1.56|0.55]0.18/0.40] — |2.15] — |99.68
7440170.61{12.90{3.00 |3.24 [0.14{1.88| 0.56|1.82/2.47/0.45/0.14/0.30| — |2.00] — |99.60
7454/57.90(14.50(4.36 |6.33|0.25{3.21] 5.04/3.45[0.21{1.30(0.23|0.82| — {1.98 — [99.68

Michaschists-quartzites(Cmq)
7129 |48.80(|14.10| 4.88|5.68 [0.21{4.00(8.09|4.60(0.93|1.37{0.27;3.59| — 13.01| — |99.63
7294 [52.05| 8.30/10.92{7.27 |0.25|3.92(6.16(3.08|0.62|1.71{0.45|2.09| — 12.51] — |99.64
7297 |71.70] 9.10| 6.24]2.30 |0.14[1.10|0.56(3.25/2.65/0.45/0.14/0.40| — [2.00| — |99.63
7999 |71.70{12.70| 2.92(2.59 [0.01/1.43|0.54|3.55|1.81]0.48/0.12/0.54| — (1.71] — 99,61
7336 |63.80{16.10| 3.64(3.02 [0.21]2.43|1.84|3.08|2.23/0.57|0.16/0.35{ — |2.25} — ]99.68
7505 |77.90{11.10| 1.88(0.64 | — [0.65/0.52{5.00/1.03|0.10] — [0.40{ — }0.30| — {99.62
70R[84.43| 8.03| 0.05/1.15 | — [0.58/1.12/2.00(0.74,0.59{0.19|0.35{0.06(0.45] — |99.79
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l1I2|3|4[5.]6[7>8|9]10]11|12]1% | 14] 15| 16

Stoenesti level
Chloritous schists (S cls)

6a 168.05/10.90 1.74(7.28 0.21}4. 34'0 26i0.30/1.29/0.75{0.08/0.51{0.17|3.64] — ]100.22
14R |49.68]23.16|7.14/1.08 |0.10(1. 40}1 92/1.65(4.46/1.58|0.44(2.97,0.09(3.98] — | 99 69
Scricite-chloritous schists (S csls)
B
835 |70.25 16.150.16'0.72 0.04{1.30{0.97/5.26/1.02{0.26|0.26}0.38[0.07 1.81{ — | 99.94
839 171.90{12.70(4.19{0.22 |0.13}0.82/0.39]|2.29(2.14/0.57|0.31|1.04(0.15]1.33 — | 99.51
902 |70.80i10.70{3.53]1.40 {0.14{2.35(1.30{2.76{1.36{0.70/0.18{1.67;0.08 1.96l — | 99.60

Location of samples

Argesel valley : 7518, 7520, 7535, 7540;

Argesel valley-Larga valley : 7440, 7454, 7505 ;

Bideanca valley : 14R, 5193/3, 8871

Bitrina valley : 7227, 7228 o

Bolboci valley : 1R, 2R, 3R 1D, 2D; . : i ’
Bughea valley : 8216 8429 ;

Brusture valley : 511b 512 ;

Cascoe valley : 70R ;

Cuea valley : 837, 838, 6850;

Danis brook : 302; T214;

Dimbovita valley: 902 :

Grohotis valley : 426/7,. 427, 683 839 888 891 891/1 936;
Grui brook : 740, 4201, 5398c, 5398e'

Hotarul valley : 6248, 6853, 10438: .

Huturelu valley : 839; '

Larga valley: 7129 ; i

Mitarca valley : 74H, 75H, 77H; : —_— .
Muntele Rogu: 273 ;

Negulet valley : 835 ;

Piatra Albd summit : 146, 7700.;

Podul Runcului: T247, T250;

Riugoru valley : 3340, 7402; ) J

Riu Tirgului valley : 7294 7297 7299, 7302, 7336.; .

Sintilia summit : 147, 148 : .

Stédncioiu valley : 149 150, 151, 152; !
Sutila summit, 7227 ; . - - . ‘
Tincava valley : 3371a;

Topolog valley: 5411;

Tibra valley: 2, 8;

Ursul brook: 7162;

Zinoaga valley : 2385;

Gallery 2 Bédeanca : 6a;

Gallery 3 Brusture: T4, T5;

Gallery 4 Grui: T1, T2, T3. =

Origin of analyses (unpublished data)

Dinici I. (1983) — 6a, 511b, 512b, 740, 835, 839, 902, 3371a, 5398c, 5398c,

6248, 8871 ;
— (1984) — 6712, 6850 6853, 7129, 7162, 7227, 7228, 7294, 7297, 7299,

7302 7336, 7340, 7402, 7440, 7454, 7504, 7505, 7518, 7520 7535,

, 7540, 7700, 8216, 8429, 10438, 14R, 7OR 74H, 75H, 77H;
Gheuca 1. (1974) — 2, 8, 2385, 2703; .
— (1982) — 5193/2
Tatu M. (1983 — 273, 420; T1, T2, T3 T4, T5, T214, T247 T250; .
(1986) — 146, 147, 148, 149 150 151, 152, 502, 427 427/7 683, 837, 838,

= 839, 843 888, 891 891/1, 936 1R 2R, 3R, 1D 2D.
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Fig. 1 —a, CaO/MgO/FeO diagram (retromorphic amphibolites-
chlorite-albitic schists); significauce of symbols is in table I. b,
Ti0,/Si0, diagram (retromorphic amphibolites-chlorite-albitic schists H
¢, Ti0,/Si0, diagram (gneisses) ; d, TiO,/Si0, diagram (micaschists).
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relatively homogeneous for Valea Dobriasu, Valea Frasinului and Stoe-
nesti amphlbohteq the most magnesian belno‘ the rocks belonging to Valea
Dobnasu and Valea Frasinului Ievels The situation is similar in the case
of CaO but chlorite-albitic schists of Stoenesti level are the poorest ones.

This fact reflects the high degree of the rock transformation, metamorphics

of this level being strongly retromorphosed dynamically (in this situation,
calcium is taken out the system).

Oxidation degree of amphibolites and chlorite-albitic schists increa-
ges to more intensely retromorphosed terms (Table 2).

K,0 [/Na,0 ratio varies in large limits (2.90 for chloritous schists
of Stoenesti level and 0.09 in the case of amphibolites in Clibucet level,
Table 2).

TABLE 2

Ozxidation degree and K,O[Na,O

| 2
VHg VHa}VHm Ba |Bm | Ra| Rs iVDm‘lVDg Chg| Cba|VFa| Ca |Cmq(Scls @
»
Fe, 04/ I
Fe,0,+Fe0}0.32,0.30] 0.17 10.390.48|0.52/0.73|0.55{0.47{0.50/0.31]0.42(0.470.52(0.53[0.62
K,0/Na,O {1.55/0.68]0.33 [0.45]0.73[0.30|1 81.090 16]0.82[0.09/0.11|0.31]0.40(2.90]0.43

l

TiQO, contents are relatively normal, a little higher values being no-
ticed in the case of Valea Frasinului amphibolites.

Discriminating tests on amphibolites and chlorito-albitic schists
(Figs. 1la, b; Figs. 2 a, d; Figs 3¢, 4b, ¢) indicate magmatic tendencies
(Cldbucet I = 5; Valea Frasinului I = 4.75; Valea Hotarului I = 3.50;
Roménescu I =1.00; Bughea I =1.50); and sedimentary ones (C#pi-

tanu 8 = —2.25; Stoenesti S = —4) (Table 3).

TABLE 3

Resulls of discrimination tests

ARG £ 2
S = = w | e | g lal'g
Discrimination E 2 éx £ £ 2 E / 8 3 ; 3 5 ol &
AF, o gy = e =1k 8 = ' 1 M E=1 s flasy =4 &
CaO/\I“OIF(O 1 — 1 1 — -
alk/mg — 1 lml=1lm |s (S) l fl s |-
al-alk/c | Gyl = Ul E = T = ivr | oo 0 s
Ti0,/Si0, (S| Sy =1 (D — | (S) = a=al1281] = i i~ S{(S)
c/ing STl @l=Grlis I=ig17 | — Y@ |sl s
Ti0,/F (It e= (S) 1D S . S
MnO/TiO, Sl — - i 4 ah
Total T41 1 I 1 S S I 1|1 S S S| 0
1 3.50{1.501.251.00 —3.50/—1.75{2.75} 5 14,75(—2.25/—1.50|—4
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Gneisses

Valea Hotarului gneisses are generally more alluminous than thoese
of Valea Dobriagu and Clabucet levels, but have lower silica contents.

Regarding K,0/Na,0 ratio, Valea Hotarului gneisses have a prevai-
ling potassic character in comparison with those of the Valea Dobriasu,
which are sodic.

Orxidation degree of these rocks varies from 0.32 for gneisses belon-
ging to Valea Hotarului level and 0.50 for those of Clibucet.

Premetamorphic nature of these gneisses (Table 3, Figs. le, 2b;
Figs. 3a, d) is igneous (I = 1, for Valea Hotarului gneisses and I = 2.75
for Clibucet gneisses), this situation being favored by high contents in
alkalis, which determine rocks plotting in field I from al-alk/c and alk/
mg diagrams (Figs. 2b, 3a).

Micaschists

Micaschists from Valea Hotarului and Bughea levels are magnesian
and more calcic than the others, those belonging to Cdlusu formation are
richer in sodium and silica. Micaschists from RoméAnescu and Valea Do-
briagu levels proved to be the most potassic.

Ocxidation degree of micaschists varies from 0.33 (Valea Hotarului)
to 1.8 (Roménescu).

Discriminatory tests suggest a magmatic nature for premetamorphic
material of Bughea micaschists (I = 1.50) and sedimentary one for Romé-
nescu (S = — 3.50), Valea Dobriasu (S = —1.75) and Cipitanu (S =
— 1.50) (Figs. 1d, 2c, 3b, 4a). In the case of the Stoenesti level, it is
noticed a situation of nondetermlnatlon possibly because of equal quantlty
of sedimentary and magmatic material (Table 2).

Far {rom exhausting this problem and offering a final image on the
chemistry of the Leaota group metamorphics, we pomt out however that
as regards the premetamorphic material, the study rocks group in three
tendeney domains :

a — magmatic — rocks of Valea Hotarului, Bughea, Clibucet and
Valea Frasinului levels ;

b — sedimentary — rocks of Valea Dobriasu and Cipitanu;

¢ — mixed — rocks of Rominescu and Stoenesti levels.

Together with mineralogical and structural aspects, the oxidation
degree (Flo 5) certifies more 1ntenSe1y retrograded character of some levels
in Leresti and Calusu formations. It is notlced that rocks of Roménescu,
Valea Dobriagu, Cipitanu and Stoenesti levels, which are more 1nten%e1y
retrograded have supraunitary values for the oxidation degree. Bughea,
Clabucet and Valea Frasinului levels, which are less 1etr0frr'mded have a
rather homogeneous subunitary values for the oxidation demee Rocks
belonging to the Valea Hotarului level, which are the least retrograded,

have the lowest values for the oxidation degree.
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Fig. 5 — Fe203/F0203+ FeO and K,0/Na,0 variation within Leaota group.

Concerning the K,0/Na,0 ratio, it is noticed extremely high values
for the levels affected by potassic metasomatosis.
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CARACTERIZAREA PETROCHIMICA A METAMORFITELOR GRU-
PULUI LEAOTA

(Rezumat)

Analiza petrochimici a metamorfitelor grupului Leaota a permis
evidentierea unor tendinte privind natura materialului premetamort (mag-
maticé, pentru nivelele de Valea Hotarului, Bughea, Clibucet gi Valea
Frasinului ; sedimentar#, pentiu nivelele de Valea Dobriasu si Cidpitanu ;
mixt#, pentru nivelele de Roméanescu si Stoenesti). Se remarcé, totodats,
o crestere a gradului de oxidare spre nivelele cele mai intens retromor-
fozate. Valorile extrem de ridicate ale raportului K,0/Na,0 din unele nivele
sint datorate metasomatozel potasice.
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PALEOFITOCENOZELE CARBOGENERATOARIE, PETROGRATFIA
ST CHIMISMUL LITOTIPILOR DIN CARBUNII PLIOCENI
DINTRE VALEA JIULUI $I VALEA AMARADIEI!

de

NICOLAE TICLEANU? CORNELIA BITOIANU %, OLIVIA MUNTIU 3,
FLOAREA NAGAT?

Coal. Pliocene. Pelrography. Litholype. Physicochemical properties. Paleobotany. Phy-
tocoenosis. Gelic Plateaur — Olte! Platform.

Abstraet

Coal-generating paleophytocoenoses, petrography and chemistry of lithotypes from Pliocene
coals between Jiul Valley and Amaradia Valley. This paper presents coal-generating paleophy-
tocoenoses delined through dominant taxons : Glyplostrobus, Phragmiles, Braunia, Salix, Sequoia
and aquatic plants. In coals of Pliocene age from the investligated sector, there have been distin-
guished the following lithotypes : xylité, xylitic coal, weakly xylitir coal, detritel coal,
fibrous coal and clayey coal. Each of these lithotypes came from onc or scveral phytocoenoses.
Differences among main physico-chemical characteristics of lithotypes result from chemical
differences of originary phytocoenoses and from environmental conditions during phytomass
accunulation.

Résumé

Paléophytocénoses carbugénéralrices, pétrographie el chimisme des lithotypes des charbons
pliocénes situés enlre les vallées de Jiu el &’ Amaradia. L.a note présente les paléophytocénoses
carbogénératrices définies par des taxons dominants : Glyplostrobus, Phragmites, Braunia,
Saliz, Sequoia et plantes aquatiques. Dans les charbons d’dge pliocéne de l'aire investiguée on
a reconnu les lithotypes suivants: xylite, charbon xylitique, charbon faiblement xylitique,
charhon détiitique, charbon [ibreux et charbon argileux. Chaque lithotype provient d’une ouw

1 Primitd la 12 mai 1987, acceptatda penlru publicarc ia 13 mai 1987, comunicald in
sedinla din 27 mai 1987.

2 Institutul de Geologie si Geolizicid, sti. Caransebes 1, R 79678, Bucuresti 32.
3 Intreprinderea de Prospectiuni Geologice si Geofizice, str. Caransebes 1, Bucuresti 32
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plusicures paléophytocénoses. Les différences entre les principales caraetéristiques physicochi-
maiques des lithotypes sont dues au chimisme différent des phytocénoses initiales et aussi aux
conditions d’accumulation de la phytomasse.

i. Date generale

Depozitele dacian-romaniene din nordul si nord-vestul Olteniei se
caracterizeazd prin prezenta a numeroase strate de cdrbuni, motiv pentru
care studiul acestora a preocupat un numéir mare de cercetitori, dar cum
prezenta lucrare nu abordeazd probleme lito-stratigrafice, pentru carac-
terizarea generald ne vom referi doar la cele mai recente cercetiri efectuate
in regiune de Andreescu et al. (1985) si Ticleanu et al. (1985, 1986, 1987).
Dupd cercetdtorii amintiti, in suita depozitelor dacian-romaniene dintre
valea Jiului si valea Amaradiei se disting, din punct de vedere gitologic,
trei complexe cirbunoase :

Complexul cdrbunos de Valea Vigenilor, apartine Getianului si este
reprezentat aici doar prin stratele I, III si IV care au o dezvoltare discon-
tinud si sint cunoscute doar in foraje.

Principalele strate de carbuni (V — XIII) apartin complexulut cdr-
bunos de Motru, de virsti parscovian-pelendaviand si sint exploatate in
carierele : Tismana, Girla, Poiana, Pinoasa, Rosia de Jiu si Pesteana, din
lunca si versantii viil Jiului §i Poiana Seciuri de la izvoarele Amaradiei.

Stratele superioare (XVI — XVIII) sint cuprinse in complezul su-
perior, de Bdlcesti (Romanian mediu), care apare slab dezvoltat intre Jiu
sl Amaradia, avind strate cu grosimi sub 0,5 m in zZona colinari. '

Desi primele cercetiri paleobotanice efectuate de Barbu (1933, 1934)
au contribuit la cunoasterea florelor pliocene din Oltenia, acestea nu au
avut in vedere probleme privind geneza cérbunilor.

Cercetind depozitele cu lignit din zona Hirnea-Bolbocesti — Linia
Magheru, Preda et al. (1981) emit ipoteza formérii cirbunilor de aici ,,pe
seama angiospermelor arborescente, la care s-au addugat si gimnospermele”,
in mlastini de apé dulce ,,cu predominarea speciei Saliz pliocenica”.

Fitocenozele care au participat la formarea cirbunilor dacian-ro-
manieni aun fost conturate de Ticleanu et al. (1982, 1985) si Ticleanu (1986).

Cercetiri petrografice asupra cidrbunilor de la Rovinari au fost efec-
tuate de Ilie si Bifoianu (1967), insd multe date in acest domeniu sint cu-
prinse in diferite studii nepublicate. Dintre acestea amintim pe cele mai
recente elaborate de Bitoianu (in Ticleanu et al., 1985 a, b, 1986 si 1987
inedit).

In ceea ce priveste proprietdpile fizico-chimice ale cirbunilor din
Oltenia, primele analize au fost consemnate de Din#ilid (1914) si se refers
la sase probe provenind din diferite pirti ale Olteniei. Apoi, Protescu
(1932) prezintd rezultatele analizelor pentru alte cinei probe din diferite
puncte.

} Incepind cu anul 1954, analizele fizico-chimice ale cirbunilor inso-
tesc numeroasele documentatii ale luerdrilor de explorare. Dintre acestea
putine sint publicate si se referd mai ales la cenusa la anhidru si puterea
calorificd a cdrbunilor, mai rar alte date. Astfel, Caric (1959) prezints rezul-
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tatul analizelor fizico-chimice complete pe probe medii, prelevate din
stratele I i IT dintre valea Otdsdului si valea Cernei.

Pentru cirbunii de la Rovinari primele date publicate referitoare la
caracteristicile fizico-chiimice ale cidrbunilor apar in lucrdri de petrografia
carbunilor (Ilie, Bitoianu, 1967).

Relativ recent, Dumitrescu et al. (1981) a efectuat un studin sta-
tistico-matematic asupra analizelor fizico-climice efectuate pe cirbunii
din perimetrul Fircasesti.

2, Paleofitocenozele carbogeneratoare

Printr-o prelucrare statisticd a rezultatelor obtinute din cercetarea
paleobotanicd a forajelor pentru cirbuni, Ticleanu (1986) ajunge la con-
cluzia ci in mlastinile carbogeneratoare din timpul Dacian-Romanianului
existau nrmitoarele grupiri vegetale :

I — mlastina de pidure cu Glyptostrodbus,

IT — mlastina cu Phragmites,

IIT — mlastina de pidure cu Brounia,

IV — mlastina cu tufisuri de Saliz,

V — zona de lac cu plante acvatice. _

Aceste grupdri vegetale pot fi considerate paleofitocenoze datorita
cunoasterii taxonului dominant. Uneori, in afara taxonului dominant apar
si alti taxoni caracteristici, care au participat la edificarea paleofitoceno-
zei. Asa este cazul amprentelor foliare de Osmunda regalis, giasite exclusiv
in asociatie cu rimurele de Glyptostrobus, dovedind prin aceasta ci in etajul
ierbaceu al paleofitocenozei cu Glyptostrobus existau uneori ferigi.

Faptul cd nu putem stabili toate elementele ce aleituiau paleofito-
cenoza, nu ne poate impiedica s& utilizdm acest termen, atita vreme cit
intreaga paleobotanicd se bazeazd pe studiul speciilor de organ, deci a
qunui singur element dintr-un intreg. Pe cind determinarea unui rest ve-
getal, chiar si bine conservat, poate uneori si fie indoielnicd, dominanta
unui taxon fosil, in cazul in care dispunem de suficiente date pentru pre-
lucrarea statisticd, devine o chestiune de certitudine.

Paleofitocenozele enumerate mai sus se dispuneau in cadrul mlas-
tinilor carbogeneratoare in functie de prezenta permanentd sau periodicd
a apei in substrat i adincimea acesteia. Astfel o serie ecologici incepea cu
mlagtina cu tufisuri de Saliz, continua cu mlastina cu Braunie, ambele
din zona periodic inundatd. Urma zona cu apd permanents, unde la adin-
cimi cuprinse intre citiva centimetri si 2m dominau pidurile de Glyptosirobus.
Intrepitruns pe marginile acestora din urmi, sau ocupind zone
cu adineimi similare dar in care Glyptostrobus nu se instalase inei, dominau
ariile acoperite cu Phragmites, la care se putea asocia sau nu Typha latis-
sima, ale cirui resturi foliare sint destul de des intilnite in depozitele cu
carbuni cercetate.

Ca urmare, in zonele cu api liberd, avind adincimi mai mari de 2 m,
se dezvoltau paleofitocenoze constituite din plante acvatice cum sint :
Stratiotes, Nelumbium, Potamogeton, Ceratophylum gi altele. Tot aici, dup
Ticleanu et al. (1985), formatiunea vegetaldi plutitoare, plaurul, putea si
participe la constituirea fitomasei carbogeneratoare in cazul fixirii plau-
rului §i acoperirii rapide a acestuia cu depozite terigene.
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Analizind dezvoltarea actuald, a fitocenozei cu Phragmites commaunis
din Delta Dunirii, Rudescu et al. (1965) aratd cd aceastd specie poate si
apard in zece biotopi care pot fi cupringi in patru grupiri reprezentative :

1 — stuful de pe grindurile neinundabile si inundabile,

2 — stuful crescut pe mlasting,

3 — stuful crescut pe plaur,

4 — stuful erescut pe soluri saline.

Dintre acestea, pentru formarea cirbunilor intereseazé grupele 2 i 3 care
au §i cea mai mare productie de biomasé, volumul acesteia fiind de 1, 105
— 1,64.10% mm?,

Prezenta impresiunilor de Sequoia abictina constituie o dovadi ci
pe bordura mlastinilor earbogeneratoare, unde apa nu apérea la supra-
fata solului, se dezvolta o fisie ingustd de piddure cu Sequoia, cu impor-
tantd redusd in constituirea fitomasei necesare formdrii cdrbunilor.

Sintetizind datele privind paleofitocenozele carbogeneratoare, cons-
tatim c& din punct de vedere al naturii elementelor paleofloristice, patru
apartin exclusiv angiospermelor §i doud gymnospermelor. Dintre cele patru,
doud se gisesc constant in apd §i sint lerbacee, iar celelalte doud se su-
prapun zonelor periodic inundate si cuprind arbori si arbusti. Toate aces-
tea prezintd o deosebitd importantd, deoarcce compozitia chimicé a angio-
spermelor diferd de cea a gymmnospermelor, iar prezenta constanti a apei
in substrat asigurd conditiile necesare humificirii turbei, in timp ce acolo
unde apa nu este permanentd o mare parte din fitomasi se descompune si
se degradeazd subaerian.

3. Caracteristiei petrograiice

La alcdtuirea unui strat de cirbune participd mai multi litotipi, care
reprezintd unitédti petrografice distincte §i au grosimi mai mari de 5 em.
Acestia apar fie ca lentile, fie ca benzi si se deosebesc unii de altii prin
texturd, structurd, culoare, grad de gelifiere, prezenta resturilor vegetale
si a substantelor minerale.

In cadrul stratelor de lignit din Oltenia am deosebit urmitorii lito-
tipi : xylit (xylain), cirbune xylitic, cirbune slab xylitic, cirbune detri-
tic, cdrbune fibros, cirbune argilos si argild cirbunoass.

Xylitul (= xylain) reprezinté lemnul fosil, provenit din rid#cini,
tulpini sau ramuri. Acesta apare de obicei ca lentile, dispuse in euprinsul
cdrbunelui detritic §i este mai abundent in cirbunii care aleituiese stra-
tele V—VII si X, care sc exploateaz in carierele Tismana, Poiana, Girla,
Pegteana, Rosia de Jiu, Poilana Seciuii gi altele. Acest litotip se poate dis-
tinge ugor dup# aspectul sdu lemnos, culoarca galbenid sau bruni 51 exfo-
lierea puternicd, desficindu-se in fibre lungi.

O evaluare procentuald a xylitului din stratul V de cirbune aratd
ci acesta participd cn 7 — 129,.

Carbunele xylitic ( = cdrbune lemnos) apare mai freevent in compo-
zitia lignitilor din Oltenia, intilnindu-se strate in care acesta reprezints
peste 509, din cdrbune. Este aledtuit din 30—909 xylit i restul eiirbune
detritic. Acest litotip a fost recunoscut in aceleasi strate in care apare si
xylitul ; predomind mai ales in stratul V din zona cuprinsi intre valea
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Jiului si valea Cernisoara, unde se intilneste sub forms# de benzi sau lentile,
este fibros, slab stratificat cu sparturd neregulatd si cu culoarea brun-
gilbuie, bruné sau neagri, in functie de gradul de transformare.

Cdrbunele slab xylitic este aleftuit dintr-o alternantd de benzi de
cirbune detritic cu grosimi sub 5 cm, cu suvite milimetrice rar ping la un
centimetru de xvlit. Este legat de ariile de aparitie a xvlitului.

Cdarbunele detritic este litotipul predominant in lignitii din Oltenia,
observindu-se procente ridicate in toate stratele de cirbune. Acesta apare
sub formi de benzi cu grosimi de peste 5 em i pind la 50 — 60 cm, cu stra-
tificatie clard, aspect mat, sparturd neregulatd si culoare brun inchisd in
stare umedd si brun spre neagrd cind este expus la aer. In cuprinsul lui se
recunosce numeroase fragmente de resturi vegetale provenite predominant
din plante hidrofite xi mai putin higrofite.

Cdarbunele fibros (= fusainul) se observd mai rar in comporzitia stra-
telor de lignit din carierele din Oltenia. Acesta apare sub forméa de lentile,
cuiburi si fnlgi, este foarte sfarimicios, prifos, dispus pe fetele de desfacere
ale cirbuunelui detritic. Astfel a fost recunoscut un nivel de cdrbune fibros
in partea superioard a stratului V (Cariera Cicani) §iin stratul VI din cariera
Poiana. Fusainul apare nestratificat, moale, cu aspect métésos.

In afard de litotipii mentionati, in compozitia stratelor de lignit mai
apar intercalatii subtiri de cirbumne argilos, stratificat (carierele Girla,
Poiana, Cicani si altele) si de argile carbunoase, in special in carierele Girla
51 Tismana.

In urma celor mentionate se constatd c#, macroscopic, stratele de
cdrbuni exploatate in carierele existente intre valea Jinlui §i valea Ama-
radiei sint alcituite predominant din cirbune detritic si cirbune xylitic.

Analiza microscopicd a fost efectuatid pe fiecare litotip in parte, prin
probe prelevate din toate stratele de ciirbuni exploatate in carierele dintre
Jiu §i Amaradia.

In comporzitia litotipilor se recunosc macerale apartinind grupelor
huminit, liptinit si inertinit. In general in toti litotipii predomind mace-
ralele huminitice.

Xylitul ( = xylain) este constituit aproape in exclusivitate din mace-
ralele subgrupei humotelinit reprezentate, mai ales, prin textinit si mai
putin prin ulminit (texto-ulminit). Acestea apar in procente ce variazi
intre 56—889,. Cel mai ridicat procent de humotelinit il contine xvlitul
din cuprinsul stratelor V. — VII. In afard de maceralele amintite, in com-
pozitia acestui litotip, subordonat, mai apare si humodetrinitul (5 — 129%,),
humocollinitul (0,19,) si sporadic liptinitul. De asemenea se recunosc com-
ponenti minerali (cea 179,), reprezentati prin minerale argiloase si piriti.
Acestea apar in structurile celulare de textinit.

Carbunele aylitic (= cirbune lemnos) se caracterizeazi de asemenea
printr-un continut ridicat de macerale humotelinitice (27 —649,), repre-
zentate prin textinit §i ulminit. Maceralele humodetrinitice apar mai des,
in proportie ce variazd intre 11 —389,. Se remarcd aparitia in cantitate
redusd a liptinitului si inertinitului (tabelul 1). Substantele minerale sint
prezente de asemenea in structurile celulare.

Carbunele slab xylitic este alcdtuit din macerale humodetrinitice
(32—1729,) si humotelinitice (14—399%,). 1In compozitia lui mai participd
si liptinitul in proportii egale cu inertinitul (mai putin de 3 9%,).
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TABELUL 1

Compozilia pelrograficd a litotipilor din stralele de cdrbuni din Olfenia (Jiv-Amaradie)

Tuminit
P e Subst.
Litotipul Stratul |Humoteli-{Humode- | Humoco-| Liptinit | Fuzinit | -, -
nit trinit 1linit % % o,
% % %
1 2 3 4 5 6 7 8
Nvlit i\ 65,0 15,6 — — — 20,0
Vi 80,0 5 15 0,4 1,4 0,4 12,3
VIl 65,9 18,3 — — 5,13 10,5
VI 75,0 10,0 — — 15,0
o 67,5 7,0 — — — 23,5
NI 56,0 20,6 — — — 23,4
Cédrbune A% 54,0 29,8 0,3 1,5 5,2 9,2
lemnos VI 49,6 38,8 0,6 - 0,9 10,1
(carbune VIl 50,0 20,0 — — — 30,0
xvlitic) VIII 67,0 18,5 — — — 14,5
X 49,5 11,6 — 1,2 6,5 7,8
X1 27,5 36,2 348 16,2 6,7 9,6
Carbune v 19,2 53,5 4,8 - 3,8 18,7
slab M1 16,9 69,6 1,0 — 346 8,9
xylitic VIII 50,5 42,5 1.2 0,6 — 5,2
P 14,6 69,2 0,4 0,4 2.6 12,8
N1 29,0 32,5 2,0 20,8 3,9 4l 8
N1t 39,4 33,0 — 1,0 4,6 2,0
Cédrbune detritic| V 4152 63,8 — — — 25,0
VI 24,0 51,1 6,1 i) 47 5,8 45,3
VI 21,0 65,7 0,9 —. 1,0 11,4
VIII 30,8 50,7 11,9 4,2 11,1 22
X 5,6 8 — 1,6 340 12,0
Carbune [ibros VI 13,8 32,6 15 — 44,0 8,1
Cirbune argilos| V 5,6 54,7 — — 2,1 37,6
VIII 7 17 46,8 0,6 — — 34,9
Argild carbu~ v — 40,0 — — — 60,0
noasé Vi — 42,5 — — — Bl 52

Carbunele detritic este constituit predominant din humodetrinit
(49—177%,) si putin humotelinit (5— 30% precum si cantitiiti reduse de
hptlmt i inertinit. Acestea din urmé apar mai des decit ceilalti litotipi,
dar in cantltatl reduse, sub form# de cuticule, resturi de spori mmerahzatl
scleroti, toate rdspindite in attrinit sau densinit.

Carbunele fibros (fuzinit) intilnit rar in cdrbunii studiati, contine un
procent insemnat de fuzinit (449,) precum $i humodetrinit (32 A

Cdarbunele argilos se caracterizeazd prlntr—un procent ridicat de humo—
detrinit (attrinit) si de componenti minerali.

In argila caerunoaJsaJ, intercalatd intre bancurile de carbune ale unui
strat predomind mineralele argiloase (> 509,), urmate de humodetrinit -
{Tabelul 2).
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TABELUL 2

Compozifia pelrografied medie a lilolipilor din carbunii dinlre Jiu $i Amarudiu

ITuminit i Subst

D itekpi Humo- Humo- Humo- | Liptinit | Incriinit ‘n‘xiAm‘,I:

telinit | detrinit | collinit % % S
% % % "
Xylit 68,2 12,7 0,1 0,2 12 17,6
Carbune lemnos 27,5 36,2 3,8 16,2 6,7 9,6
Carbune slab xylitic 27,8 51,8 .53 3,5 247 12,9
Carbune detritic 18,5 61,7 3,7 1,5 4,2 10,4
Carbune fibros 13,8 32,6 w5 - 44,0 8,1
Carbune argilos 11,6 50,7 053 — Ol ! 36 7
Argild cdrbunoasi — 41,2 — — — 58,8

In urma celor mentionate putem conchide ci cel mai impur litotip
este carbunele detritic, ficind abstractie de.cazurile rare, cind apar $i . .
cirbunele argilos sau argila cirbunoasi. Continutul cel mai bogat in humo-*- ** .
telinit il au xylitul §i carbunele xylitic, iar in humodetrinit este cirbunele b

detritic. P (/‘/y ]

Prin’ coroborarea datelor paleobotanice cu cele de petrografia cir-, =~

s,

ST

bunilor, Ticleanu $i Bitoianu (sub tipar) au pus in evidentd, pentru prima
dats in Roménia, relatiile ce existd intre paleofitocenozele carbogenera-
toare si caracteristicile petrografice si fizico-chimice ale cirbunilor. Pe
baza acestor relatii a fost posibild elaborarea hértii humito-genetice pentru
zona Mihdita-Predesti.

Xylitul reprezintd de fapt (peste 959%,) lemnul unui singur taxon,
coniferul din familia Taxodiaceae-Glyptostrobus europacus. Motivul pis-
tririi doar a lemnelor de Glyptostrobus urmeazd s# fie discutat la capitolul
referitor la chimism.

 Prezenta frecventd a xylitului ca litotip, deci avind grosimi mai mari
de 5 cm, constituie un indiciu sigur al provenientei sale din paleofitocenoza
cu Glyptostrobus si aratd larga dezvoltare a acesteia.

Din aceeasi paleofitocenozi cu Glyptostrobus provine si litotipul cir-
bune xylitie, care in unele strate de carbuni poate s& depiseascd 409%,
cum este cazul stratului V (= I nomenclaturi Albeni-Cucesti).

Analiza paleobotanici a cirbunelui xylitic aratd cf uneori in etajul
inferior, pe oglinda apei dintre arborii de Glyptostrobus, existau intinse
covoare de Stratiotes, ale cirui seminte lemnoase apar frecvent in anumite
strate, asociate cu xylit; un exemplu in acest sens il constituie stratul V
din cariera Poiana.

4. Litotipisi paleofitoeenoze



122 : ' N. TICLEANU et al. 8

Litotipul cdrbune slab xylitic isi are originea probabild in zona de
contact intre paleofitocenoza cu Phragmites i cea cu Glyptostrobus, fiind
posibild si existenta unor zone intinse, in care arbori rari de Glyptostrobus
erau diseminati in aria de dezvoltare a paleofitocenozei cu Phragmites.

Referitor la originea litotipului cdrbune detritic, dup# opinia noastré,
acesta ar putea sd provind atit din paleofitocenoza cu Phragmites, cit si
din palenfitocenozele cu Braunie si Saliz, sau alte foioase. Datoritd compo-
zitiel chimice gi amplasdrii paleofitocenozelor cu foioase (angiosperme arbus-
tive sau arborescente) in zone temporar inundate, lemnul acestora nu s-a
pastrat, fransformindu-se in detritus si acizi humici. Cit priveste paleo-
titocenoza cu Phragmites, cu toate ci aceasta s-a dezvoltat in cea mai mare
parte in zone acoperite permanent cu apd, lemnul acestora nu s-a pastrat
datoritd dimensiunilor sale reduse, ce au permis transformarea rapidd in
acizi humieci.

Cérbunele argilos apare in general legat de biotopul ochiului de apd,
unde se dezvoltd paleofitocenozele plantelor acvatice apartinind genurilor :
Potamogeton, Ceratophyllum si altele. Astfel de asociatii am intilnit la ni-
velul tuturor stratelor de cérbuni, dar una dintre cele mai caracteristice
este legatd de dezvoltarea stratului VIII din partea de NV a carierei
Poiana, unde fructe de Stratiotes, Potamogeton, Trapa si Spirematosper-
mum wetzlert sint frecvente si cuprinse intr-un cirbune argilos tipic.

In general, zona cu api liberd este stribitutd de curenti care trans-
portd mult material argilos, depisind adesea in volum materialul fitogen,
ceea ce determind ca frecvent plantele acvatice 58 apari in strate de argile
cirbunoase ; de aceea ele dau mai rar cirbuni argilosi si foarte rar cdrbuni
in strate subtiri. Acest fapt reflecté participarea in proportie redusd a bio-
masel plantelor acvatice la formarea cédrbunilor.

5. Principalele caraeteristiei fizieo-chimice ale litotipilor

In vederea stabilivii principalelor proprietiti fizico-chimice ale lito-
tipilor ce alcidtuiesc cirbunii din Oltenia, intre valea Jiului §i valea Ama-
radiei, au fost prelevate 60 de probe, provenind din stratele V — VIII si
X — XIT si repartizate pe litotipi dupd cum urmeazé : 12 pentru xylit,
23 pentru edrbune xylitic, 8 pentru cérbune slab xylitic, 13 pentru cidrbune
detlgtic, 2 pentru cidrbune fibros i 2 din argilele cu frunzar de Glypto-
strobus.

In prezenta lucrare ne ocupim in special de litotipii seriei xylit-
carbune xylitic-cdrbune slab xylitic-cirbune detritic.

Analizele fizico-chimice au ar#itat deosebiri evidente (Tabelul 3)
intre termenii extremi ai seriei xylit-cdrbune detritic §i treceri gradate
pentru ceilalti doi litotipi intermediari, fapt firesc avind in vedere ¢ pro-
prietidtile acestora depind de cantitatea de xylit care participi la
edificarea lor.

Prima dintre proprietdtile fizico-chimice care prezintd deosebiri
evidente de la un litotip la altul este cenusa la anhidru (A anh.) care creste
de la media de 5,649, la xylit, la 35,919, la cirbunele detritic.

Continutul in materii volatile, raportat la proba de analizi (fird
umiditate de imbibatie), scade de la 57,73 %, cit este pentru xylit, 1a 35,709,
pentru cdrbunele detritic.
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Puterea calorifici superioard (Q? med.)este de 5552 Keal/Kg la xylit
si de 3500 Kcal/Kg pentru cdrbunele detritic.

Avind in vedere ¢i xylitul, prin natura sa are conginut scizut in
cenusd i putere calorificd mare, parte din aceasta datorindu-se si conti-
nuturilor interesante in bitumene §i gudroane evidentiate de Ticleanu eb
al. (sub tipar), prezenta xylitului confersd cérbunelui putere calorifici mare,
proportional cu participarea acestuia, fapt ce se poate observa din descres-
terea acesteia in cadrul seriei de litotipi.

In acelagi timp, datoriti proprietitilor sale mecanice, printre care
elasticitatea ocupé primul loe, xylitul se macing greu la prepararea combus-
tibilului pentru termocentrale, raminind adesea sub form#d de aschii mi-
limetrice, care nu ard decit intr-o proportie redusd in focarele termocen-
tralelor (Mocanu et al, 1973), fiind evacuat in cenusi# carbonizat doar
partial. Acest fapt conduce la un paradox : stratele cu puterea calorificd
cea mai mare, datoritd xylitului, realizeaz randamente termice reduse.

Prin stabilirea unor continuturi medii pentru principalele proprie-
tati fizico-chimice ale litotipilor este posibilii aprecierea valorilor pentru
proba medie a unui strat de cdrbune in cariere, foraje si deschideri naturale
prin masurarea grosimilor litotipilor in sectiune transversald §i calcularea
mediel ponderate.

Din cele expuse in.capitolul anterior rezultd ca la formarea litoti-
pilor au participat diferite paleofitocenoze : pentru xyvlit §i carbune xy-
litic paleofitocenoza cu Glypiostrobus, un gimnosperm ; pentru cirbunele
slab xylitic si cdrbunele detritic, paleofitocenoze constituite mai ales din
angiosperme (copaci si ierburi). Aceast® diferentd dintre fitomasele carbo-
generatoare constituie baza deosebirilor intre principalele proprietiti
fizico-chimice ale litotipilor, Evident, nu se exclude faptul ci diferentele
mentionate sint legate si de natura mediuluiin care s-a acumulat fitomasa :
conditii aerobe sau anaerobe, PH, cantitatea de api, prezenta sau absenta
ciupercilor si bacteriilor, constituenti minerali, etc., dar pecetea caracte-
ristich o imprimd compozitia chimicii originari, aceasta determinind si
modul de transformare al resturilor vegetale, supuse mai intii humific#rii
sl apoi carbonificirii.

Pornind de la importanta tipului de fitomasd carbogeneratoare,
pentru comparatie prezentiim un tabel oricntativ cu compozitia chimicd
a unor specii vegetale din flora actuald a R. S. Roménia in mare méasurd
comparabile, pe grupe de plante, cu cele fosile (Tabelul 4).

Din tabelul amintit rezultd c¢i principala deosebire din punct de
vedere al compozitiei chimice intre gimnosperme §i angiosperme se refers
la continutul in pentozane, care este de 2 — 3,5 ori mai mare la angios-
perme decit la gimnosperme. In cadrul angiospermelor se constatd conti-
nuturi maxime in pentozane la monocotiledonate.

Desi continuturile in lignini pot atinge si valori comparabile pentru
cele doud mari grupe de plante, totusi se observi ¢i lignina scade la angios-
perme, atingind valori mici mai ales la monocotiledonate.

. In afara deosebirilor cantitative, existi numeroase deosebiri calita-
tative intre celulozele, pentozancle si lignina gimnospermelor si angios-
permelor, diferentieri cu rol important in transformarea materialului ve-
getal. In acest sens, studiind compozifia chimici a lemnelor fosile din
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TABELUL 4

Compoczilia chimicd a unor plante din flora actuald « R.S.Roménia (dupd Simionescu ef al. —
— 1964 gt Simionescu $i Rozmarin — 1966)

Extract cu: A Usor Greu
. & Tu- oni- =l 4
. % |caldd| 19% | etilic % 9% % |lizabile|lizabile
) % % % % %
GYMNOSPERMAE -
Picea excelsa 0,18 | 1,78 110,65 | 0,55 {51,17 (29,29 | 7,20 (13,12 |63,77
Abies alba 0,32 | 2,15 | 9,79 | 0,89 (52,88 |32,84 | 7,33 — -
Pinus silvestris 0,17 | 2,29 111,19 | 1,49 154,96 (27,02 | 8,21 [13,06 (47,48
ANGIOSPERMAE
Dicotyledonate .
Betula verrucosa 0,42 | 4,91 |22,0 1,13 |48,18 |18,28 {18,05 19,69 (62,31
Populus alba 0,47 [-2,39 121,81 | 1,11 |48,24 20,61 {13,20 — —
Saliz alba 1,01 | 8,33 {21,58 | 1,71 46,16 |28,64 |17,02 — —
Salix caprea 0,28 | 2,67 17,87 | 0,65 (50,24 122,64 (17,01 — —
Alrus glutinosa 0,38 | 1,81 17,35 | 1,07 [47,28 (21,61 {16,17 {17,60 (46,14
Monocotiledon .te ‘
Phragmiles communis 2,81 | 3,22 127,14 | 1 52,30 {19,29 (25,70 — —

Japonia pentru intervalul Miocen-Actual, N. Kagemori (1973) a ajuns la
urmitoarele concluzii : lemnul angiospermelor este mai transformabil decit
lemnul gimnospermelor, in special datoritd confinutului in pentozane gi
tipul acestora ; lignina se transform& mult mai lent decit celuloza si hemi-
celuloza ; emsta ev1dente deosebiri in ce prlveste compozitia zahdrului din
hemlcelulozele lemnului de angiosperme si cel al vlmnospermelor, ceea ce
determind ca primele si se transforme mal repede, in zeci de mii de ani
pe cind celelalte in sute de mii de ani.

Rezistenta mai mare la transforméri in acizi humici a celulozei st
ligninei din conifere, la care se adaugd si dispunerea glmnospermelor, in
speaal Glyptom’obus. in biotopul de mlastlna cu apd permanenté .care
permite humificarea si nu descompunerea rapidd sau dlstrugerea in mediul
aerob ‘a lemnelor (Telchmuller, 1975), explicd de ce in depozitele dacian-
romaniene din Oltenia, ca de altfel in toate zdcimintele pontian-romaniene
din intreaga tard, s-au conservat in proportie de peste 959, numai lem-
nele apartinind taxonului Glypiosirobus.

Continutul ridicat in cenugd al monocotiledonatelor (Tabelul 4)
ajungind pin la de 30 ori mai mare decit cenusa gimnospermelor explics
diferentele ce existd intre cenusa htot1p110r xylit si cdrbune xylitic i cea a
cirbunelui detritic. Presupunem -ci cenusa cirbunelui detritic permite
recunoasterea paleofltocenozelor din care acestea provin. Dacd considerdm
ci 1mbogafc1rea reziduald in cenusid este de cca 6—8 ori mai mare decit
cenuga initiald a fitomasei, rezultd ci 1ncep1nd aproximativ de la 309, A
anh. in cirbune detritic, acesta poate si fi provenit din diferite mono-
cotiledonate : Phragmites, Typha, Carcx si altele. Aceastd ipotezd pare si
-concorde cu probele 0157 si 0156 provenite din paleofitocenoza cu Saliw,
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reprezentate tot prin cirbune detritic, dar avind un continut de A anh.,
la ambele probe, de numai 22 %.

In afara litotipilor din seria xylit-cirbune detritic am avut posibili-
tatea s& facem analiza chimicd a doud probe de fusain ( = cirbune fibros)
provenind din carierele Poiana si Berbesti vest, care se deosebesc de toti
ceilalti litotipi prin continutul foarte ridicat in cirbune fix, raportat la
materia combustibild (62,28 9 si respectiv 60,31 9,). Toate celelalte analize
efectuate asupra altor litotipi araté continuturi de céirbune fix, la materia
combustibild, de maximum 459%,. Procentul ridicat de cdrbune fix de-
monstreazd ci fusainul probelor analizate provine din incendierea acci-
dentald (prin tréznete) a padurilor de mlasting cu Glyptostrobus, compozitia
chimicé a acestui litotip fiind apropiatd de cea a mangalului.

Alte dou# probe an avut in vedere un ,litotip’’ aparte, frecvent
in depozitele cu cirbuni din Oltenia, in special in cele argiloase, argila cu
Glyptostrobus. Acest litotip constd dintr-un amestec de argild si argild-
silticd de 35—459,, cu ramurele imbricate in frunze solzoase de Glypto—
strobus, uneori se intilnesc si conuri piriforme. Datoritd valorii puterii
calorifice ridicate a frunzelor §i rémurelelor carbonificate, argilele cu Glyp-
tostrobus au puterea calorifici, superioari (QF) de 2931 3413 Keal/Kg.
Cele doud probe sint prelevate din cariera Pesteana Sud la nivelul stra-
telor XTI — XII de cérbune, unde au fost intilnite argile cu Glyptostrobus,
avind 0,5 — 1,0 m grosime.

6. Concluzii

In urma analizei paleofitocenozelor carbogeneratoare si a htotlpllor
cirbunilor din sectorul valea Jiului — valea Amaradiei a rezultat ci intre
acestia existd urmétoarea corespondentdi geneticsi (tabelul 5) :

TABELUL 5
litotipul " paleofitocenoza cu :
— xylit — Glyptostrobus
— cérbune xylitic — Glyplostrobus
- céirbune slab xylitic — Phragmiles la limita cu Glyplosirobus
— cérbune detritic — Phragmites
— Braunia
— Saliz, Betula, Alnus, etc.
— céirbune argilos — plante acvatice

Deosebirile dintre principalele proprietiti fizico-chimice ale litoti-
pilor sint cauzate in primul rind de chimismul materialului genetic si apoi -
in al doilea rind de conditiile de mediu in care a avut loc acumularea fito-
masei carbogeneratoare, turbifierea acesteia si carbonificarea.

Dintlre deosebirile mai 1mp0rtante intre proprietifile fizico-chimice
ale litotipilor remarcim :



13 PALEOFITOCENOZELE $1I CHIMIA CARBUNILCR PLIOCENI 127

— cenusa anhidrid (A anh.) medie creste de 1la 59, la xylit, la 35,69 9,
la cdrbunele detritic ;

— confinutul i in materii volatile (V*) scade de la xylit ( 73 %) la
cdrbune detritic (35,69 9%,);

— puterea calorificd superioarit (Q¢ medie) este de 5532 Keal/Kg
la xylit 81 3500 Kcal/Kg. la cdrbunele detritie (Puterea calorificd la Wt =
=409, cste de 3620 pentru xylit =i 2110 Keal/Kg pentru carbunele
detr 1tlc ).

Deosebirile puse in evidentid au 1mportanta in aprecierea calititii
stratelor de cirbuni prin analize m‘wropetmﬁrahce de detalin sl permlt
ca pe baza datelor fizico-chimice s fie reconstituit mediul carbogenerator
cu ajutorul hiirtilor humito-genetice.

-2
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COAL-GENERATING PALEOPHYTOCOENOSES, PETROGRAPHY
AND CHEMISTRY OF LITHOTYPES FROM PLIOCENE COALS
BETWEEN JIUL VALLEY AND AMARADIA VALLEY

(Summary)

This paper analyses relations among coal-generating phytocoenoses,
coal petrography and their physico-chemical features.

On account of paleobotanic investigations, it is considered that for
the constitution of coal-generating phytomass took part paleophyto-
coenoses with Glyptostrobus, Phragmites, Braunta, Saliz, Sequotaand aqua-
tic plants.

From macroscopical point of view, incoals of the investigated sector,
there have been distinguished the following lithotypes : xylite ( = xylain),
xylitic coal, weakly xylitic coal, detrital coal, fibrous coal and clayey coal,
each of them having macroscopic and microscopic petrographical charac-
teristies and distinet physico-chemical features.

Coal lithotypes in Oltenia come from one or several phytocoenoses :

o W

Lithotlype Originary paleophytocoenosis with :
— xylite and xylitic coal — Glyplosirobus
— weakly xylitic coal | — Phragmifes at the limit with Glypto-
sirobus
— detrital coal .| — Phragmites
— Braunia, Salix, Betula, Alnus
— clayey coal — aquatic plants N

Differences among main physico-chemical features of lithotypes are
first caused by chemistry of genetical material and secondly by environ-'
mental conditions during which took place accumulation of coal-genera-
ting phytomass, its peat and coal formations. '

Here ave some important differences among physico-chemical fea-
tures of lithotypes : '
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— anhydrous ash (A average anh.) increases from 59, at xylite to
35.699%, at detrital coal ;

— content in volatile matter (V?*) decreases from 57.739, at xylite
to 35.699, at detrital coal;

— upper calorific value (Qf media) is 5552 Kecal/Kg at xylite and
3500 Kcal/Kg at detrital coal.

Differences which were pointed out allow to appreciate quality of coal
beds through detailed macropetrographical analysis and constitute a
scientific basis of humitogenetical maps, making easier their drawing.
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BOOW REVIEWS

D. J. DE PAOLO : Neodymium Isolope Geochemisiry, Minerals and Rocks. Springer-Verlag,
1988, 187 p. ]

The paper ol prof. De Paolo [rom Berkeley University-California talks about one of
the newest and modern methods in geological sciences — Neodymium Isotope DMcthod.

The boolk contains ten chapters. The first four chapters refer to the main principles and
analytic technique of Sm—Nd method as well as to the use of this method in the study of
the Earth evolution.

The second part of thc paper within three chapters presents ncodymium isotope appli-
cation to sedimentary rocks and oceanography.

The last part of the paper contains threc chapters which talk about the use of neo-
dymium isotope variation in petrology : Oceanic Crust and Mantle (chapter 8); Continental
Magmatic Arcs (chapter 9); Continental Mafic Rocks (chapter 10).

One of the problems concerning the authors is the application domain as well as the
limits of dating rocks by means of samarium-neodymium relation, being able to be applied
suecessfully in the casc of rocks which are older than 500 m.y.

In De Paolo paper, problems with neodymium isotopes are discussed in relation with
the isotopes of other clements (strontium, lead, lutetium). Also by means of the above isotopes
are treated various magmatic processes namely partial melting, fractional crystallization and
mixing processes. For instance, the author shows that the reinjection of continental crust in
the mantle can be the prevailing cause of the oceanic basalt isotopic variation. Within neody-
mium isotopes is also discussed the problem of tectonic plates, iheir speed as well as their past
and present configuration.

Other problems which are also presented in this paper are : oceanic basalts, ophiolites,
oteanic arcs and problem of old mafie-lavas. It is concluded that alkalime basalts are formed
through the mantle melting at big depth while tholeitic basalts are born at small depth. Sama-
rlum-neodymlum isotopic data suggest that in some ophiolitic complexes the source in the
mantle did not change at all in the last 500 m.y. Sm/Nd ratio and variation in necodymium
isotopes of precambrian Dbasalts generally show similar values of tholeitic basalts in oceanic
zones.

When discussing the problems, the author uses a lot of graphic cxamples and presents
minor elments by means of mathematical and thermodynamic relations.

\ A great number of problems, high soicntiric level in their presentatiion, a big bibliegra-
phy, all these charaeterize IDe Paolo hook as an cxcclent paper.

Among numerous papers quoted by the author, we give only a few of them below :

1. Allegre C. J., Ben Othman D_, Polve M., Riehard . (1979) — The Nd— Sr isotopic corre-
lation in mantlc materials and geodynamic conscquenccs — Phys. Earth. Planct. Inter.

19, p. 293—306.

2. Cohen R. S., O’Nions R, K. (1982) — Pb, Nd and Sr isotopic structure of occan ridge
- basalts — J. Petrol., 23, p. 299—324.
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3. De Paolo D. J. (1979) — Implications of correlated Nd and Sr isotopic variations for the
chemical evolution of 1he crustal and mantle — Earth. Planet. Sci. Lett., 43, p. 201 —
211,

4. Dec Paolo D. J. (1983) — The mean lifc of continents estimates of continental recycling
rates from Nd and If isotopic data and implications of the crust and mantle — Geo-
phys. Res. Lett., 10, p. 705—708.

5. D¢ Paolo D. J., Wasserburg G. J. (1977) — The source of island arcs as indicated by Na
and Sr isotopic studies — Geopliys. Res. Lett., 4, p. 465—46S.

6. Hamilton P. J., O°Nions R. K., Evensen N. M. (1977) — Sm—Nd dating of Archean basic
and ultrabasic vuleanics. Earth. Planet. Sci. Lett., 36, p. 263—268.

7. Hawkesworth C. J. (1979) 143Nd/144Nd, 87Sr/86Sr and trace clement characteristics of mag-
mas along destructive plate margins : In — Origin of granitc batholites — Atherton ALP.,
Tarney J. (Ed).

8. Mc Culloch M. T., Chappell B. W. (1982) — Nd isotopic characteristics of S and I — type

- granites — Earth. Planet. Sci. Lett., 38, p. 51 —064.
9. Nelson B. K., De Paolo D. J. (1988) — Application of Sm—Nd and Rb— Sr isotope sys-
tematics to studies of provenance and basin analysis. J. Sedim. Petrol., 58; p. 348—357.

10. O’Nions R. K., Carter S. R., Evensen N. M., Hamilton P. J. (1979) — Geochemical and
cosmochemical applications of Nd isotope analysis — Ann. Rev. Earth. Planet. Sci.,
7, p. 11—38.

Ion Tiepac

T. M. PERYT (Ed.): Evaporite Basins. Lecture Notes in Earth Sciences, vol. 13, Springer-
Verlag, Berlin Heidelberg, 1987, 188 p. 3

Evaporites may form in very different environmments from continental sabkha to deop
basins. Up to now, only a few cvaporite basins located in Europe or North America have been
studied ih detail. The volumie ‘“Evaporite Basins’’ gathers a number of very interesting
papers, dedicated to some cvaporite basins, which are less-known or difficult of access, such as
those located in China, Australia and even in Europe (known only from boreholes). This volu-
me -of “Lecture Notes’’ is prefaced by dr. T. M. Peryt from Geological Institute of Warsaw
(Poland), who also wrote the introductory note.

The first paper “Facies models for Australian Precambrian evaporites’” by M. D. Muir
presents a large spectrum of environments from econtinental alkaline playas and continental
sabkhas to barred basins. Desiccated deep basins have nol been recognized in the Precambrian
of Australia.

Evaporites from China are discussed in three papers: “Characteristic and environments
of Sinian evaporite in southern Sichusan, China’’ by Xu -Xiao Song, “Depositional models of
Lower-and Middle Triassic evaporites in the Upper Yangtze arca, China’ by Wu Yinglin and
Yan Yangji and ‘“Sedimentary models of gypsum-bearing clastic rocks and prospects for asso-
ciated hydrocarbons west of the Tarim Basin (China) in Miocene” by Qiu Dongzhou. The
evaporites from Sichuan arca which are formed at the top of a carbonate platform are related
to lagoon-salt lake model and sabkha-salt lake model. The evaporites investigaledin the Uppet
Yangtze area are also ircluded into two cepositional models : platform sabkha and desiccation
lagoon. The first model which bears analogies with recent sabkhas of the ersian Gulf, had a
three stage cvolution : salt pan stage, which is characterized by halite deposition, sabkha
stage with gypsum, halite and polyhalite and playa lake stage which is dominated by anhy-
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drite and polyhalite precipitation. The second model consists of evaporite deposition into
a sall Iake which is separated from alagoon by a rapid regression. The cevaporites [rom Tarin
area were formed into a continental lacustrine basin, ocecasionally invaded by the sea. Such
a genetical model was very seldom nret up 1o now.

In the paper “Reel-stromatoliles-evaporites [acies relationships froin Middle Miocene
examples of the Gulf of Suez and the Red Sea’, C. L. V. Monty et al. demonstrate that in
this arca rcef complexes preceded evaporile deposilion. There are also pointed out the rela-
tions among Lhe main three components ol an evaporitic basin : reefs, stromatolites and ceva-
porites.

Less-known European evaporite basins are presented by J. M. Rouchy ct al. in the
paper “The Lower Carbonilerous (Viscan) evaporites in northern France and Belgium : deposi-
tional, diagenelic and deformational guides to recounstruct a disrupted evaporitic basin’ and
by D. Geisler-Cussey in “Middle Muschelkalk evaporitic deposits in Eastern Paris Basin’. In
the first case tie evaporitic stage was related to the fall into the sea level, which determined
ihe apparilion of a restriclive character of imarine environment and generated the sulphate inter-
Bheds (gypsum changed diagenelically into anhydrite). Primary structures have been then de-
stroved and transformed during Ilercynian deformations. Inthe sccond case, there are discusscd
the cffecls of conlinental influences on evaporilic sedimenlalion. These ones are determined by
fresh waters and detrital material supplies which favour dissolution processes and cyclie evolu-
{ion of salinity.

The papers [rom Lhe voluine “Lvaporile Basins’’ point out the character ol dynamic sys-
te:ns of evaporite basins, also underlining the importance of sea level changes for cvaporite
<leposilion.

Silvin Rddan

ALEXANDER A. PETROV : Pelroleum Hydrocarbons. Springee-Verlag, Berlin, Heidelberg,
1987, 235 p., 90 figures, 64 Tables.

The volume comprises 225 pages divided into ten parts as follows : Introduction ; General
Characteristics of Petroleum Hydrocarbons Molecular and Group-Type Methods of Analysis and
Classificalion (Chapter 1) ; C3—~C40 Alkanes (Chapter 2); Cycloalkanes (Chapter 3): Aroma-
iic Hydrocarbons (Chapler 4); Sources and Reactions of Petroleum Hydrocarbon Formalion
{cbapter 5); Transformations of Petroleum 1Tydrocarbons in Nature (Chapter 8); Conclusion ;
Beferences; Subject index. The volume is illustrated by 90 figures.

The present book represents a monographic analysis of the contemporaty dala on the
conposilion, structure and ways of formation of various peiroleum hydrocarbons. A special
attention is paid to biological markers, compounds that could prescrve main structural fea-
tures of original hiologic molecule.

Tlie content of the volume can be useful {or a wide range of specialists among which are
io he included : geochemisis and the chemists dealing with pefroleum composition and genesis.

TFor the geologists working in petroleum prospecting and industry the chapters dealing
with sources and reactions of petroleum hydrocarbon formation (3) as with the transformations
of petrolemin hydrocarbons in nature are of a special interest. We specially mentioned this
chapters hecause they inform the geologsits about the detailed phenomena during which the
organic material transforms into the oil and/or gas.

Mihai Stelanescu
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