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L’INFLUENCE DES BRUITS INDUSTRIELS PRODUITS PAR L’ACTIVITE
MINIERE SUR LES RESULTATS DE LA PROSPECTION
MAGNETOMETRIQUE

Dan ALEXANDRESCU, .\Iiou;a ALEXANDRESCU

Institutul de Geologie si Geofizicd. Str. Caransebey 1. 78 344 Bucuresti 32.
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Abstract: Considerations on the Influcnce of the Industrial Noise Produced by Mining

on the Resulls of Magnetomelyical Prospecting.

A difficult problem is the separation

between the natural fields and the industrial oncs because of the large variety of clectro-

magnetical sources with the same frequency. Our theoretical and practical studies have

underlined the influence of the mining on the results of magnetometrical prospecting be-

cause of the stationary noise created by the buildings and even because of the transitory

noise due to the variation of the continuous and/or alternative current.

La délimitation des champs naturels de ceux indus-
triels est assez difficile, étant donné que la gamme
dans la

Pour
dirigées

carac-

des sources éléctromaguétiques rencontrées
meme bande de fréquence est tres large.
ce fait les recherches entreprises ont été
vers lobservation et la connaissance des
téristiques spatio-temporelles des bruits industriels,
ainsi que linfluence de ceux-c¢i sur les miésurages
magnétoniétriques excécutés au sol.

Les courants industriels {continu, alternatif) en-
gendrent des champs tres puissants parfois. De tels
phénomenes perturbateurs, engendrés par le passage
du courant électrique par les conducteurs (bruits in-
dustriels et régimes transitoires) sont doublés par des
bruits a caractére stationnaire (ceux des anomalies
constantes en temps) produits par les constructions
et d’autres objets métalliques. Les effets magnétiques
engendrés par les sources sustuentionndes ajout!és au
champ magnétique terrestre s’enterferent avee celui-
ci et conduisent a des résultats qur peuvent etee in-
terprétés d’une manicre errondée.

A la différence des champs naturels qui ont les
sources dans la profondeur, ou a Uextéricur de la Terre,
les sources des champs industriels sont localisées a la
surface du sol ou immédiatement au-dessous de celui-
cl, a des distances trés réduites de la zone & investiguer.
La séparation des champs naturels de ceux mdustriels
pose des problemes quant aux apareils eiiployés, ceux-
ci devrant etre capables d’enregistrer simultanément le
champ magnétique en plus de trois stations.

L'investigation de l'influence des bruits indus-
triels (en régime transitoire) générés par les activités
miniéres sur les mesurages magnétométriques éxécutés
au sol représente une continuation aux études ef-
fectués par Begutiu (1983, 1985, donndes nonpubl.).
Pour I'dtude de ce problénte on doit prendre en con-
sidération les deux aspects des perturbations: celles
stationnaires (produites par le soutenement d’une ga-
lerie. par les voies ferrées, par les diverses annexcs
des travaux nuniers) et celles transitoires. dites aux
courants électriques.

Les lignes électriques sont représentées dans notre
pays par les systémes de transport en courant al-
ternatif et par ccux en courant continu. Les
systemes flectriques de transport comportent des in-
stallations & des implications dans la détermination
des caractéristiques du champ électromagnétique qui
sc propage dans le milieu ambiant (Besuyiu, 1986.
données nonpubl.). Les lignes de transport en courant
continu, amplement utilisées dans le transport ninier
sont semblables au systeme de transport en courant al-
ternatif, avec la seule particularité que les amplitudes
des composants du champ présentent des variations
irrégulieres (Condacse, 1980).

La recherche des anomalies magnétiques générées
par lacier du souténement de la galerie, aiusi que
par les courants électriques qui circulent par les con-
ducteurs de la galerie, releve Iimportance des per-
turbations stationaires et transitoires poiur tout le
phénomenc anomal.



Les anomalies cngendrées par Pinduction magné-
tique de l'acier présent dans les galeries sont cn
général dipolaires, présentant de hautes magnétisa-
tions et, adjacentement, de basses magnétisations (par
Papproximation d’une galerie & un cylindre mfinit hon-
zontal). L'amplitude A (en n'T) de.la courbe anomale
donnée par Pacier d'un conducteur, définie connne la
différence entre les points de maximum et minimum
résulte de la relation (Gay, 1982):

"l\l 5 <111]0

A= Z"’ sml’

(1
ol
K = la susceptibilité magnétique (qui inclut aussi la
démagnétisation);

7'y = P'intensité du vecteur du champ magnétique
terrestre au plan vertical du conducteur;

S = laire de la section de 'acier du conducteur;

Z = la distance a la verticale des le
d’observation au centre du conducteur;

niveau

Iy = le penchant du champ magnétique terrestre;

I'q = le penchant du champ magnétique terrestre au
plan vertical qui renferme le conducteur;

le coeficient dont la valeur varie entre 1.125
et 1.299, fonction du penchant du champ et
Porientation du conducicur.

[effet anomal produit par les conduits d’acter peut
élre déterminé aussi en utilisant la relation (Gle-
bovskii, Vasiutocikin, 1981):

_ KxFdi .
A= 255 . (2)
ol

r = la distance du centre du conduit (en cen-
timetres);

F = la valeur normale du champ géomagnétiquc;
_d = le diametre du conduit;
[ = I’épaisseur des parois du conduit;

K = le coéficient qui dépende de I’acier du conduit,
10<K<20.

En calculant I’effet donnée par I’acier du conduit on
a constaté qu’en général 1l est néglijable, représentant
la dixiéme partie de n'T pour les distances, dés le poirt
d’observation vers le centre du conduit, sur des dis-
tances de centaines de meétres.

L’anomalie magnétique die au courant qui circule
par les conducteurs de la galerie peut étre estimée, en
considérant la galerte un cylindre horizontal infini. La
figure 1 représente une section transversale & la ga-
lerie. Selon "la régle de la main droite” de la physique
élémentaire, les lignes du {lux magnétique sont circu-
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laires ot mouvent dans le sens des aiguilles du montre,
notamment quand le courant s’écoule le long de 'axe
%" (dans le plan du papier).
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Fig. | - La géométrie du flux magnétique et les

vecteurs du champ magnétique produits par le courant
Hectrique qui circule dans la galerie horizontale.

La direction du vecteur de P'intensité du champ
magnétique B est tangente au cercle — c’est a dire &
la galcrie — en n’lmporte quel pomnt P, ayant la sui-
vante valeur lacilement a déduire de la lot d’Ampere:

B=24 (3)

r

B = I'intensité du champ magnétique engendrée par
le passage du courant électrique continu, en n'T;

I = I'mtensité du courant électrique continu, en A;
r = la distance radiale de la galerie, en km.

Conflormément a I’équation susmentionnée l'inten-
sité du champ magnétique généré par le passage du
courant électrique continu diminue unigquement avec
la premiére puissance de la distance, pendant que
le champ di aux objets métalliques aflérents a la
galerie diminue avec le carré de la distance. Ce
taux de diminution lent constitue la cause princi-
pale des ennuis engendrés par la présence des galeries
dans les périinétres investigués envers les mesurages
magnétométriques exécutés au sol.

On doit souligner encore une fois que la principale
source des anomalies magnétiques, dans les zones a
galeries minicres ou le transport est électrique, la con-
stitue le courant continu, sans fenir compte de la
présence d’autres sources en liaison avec les conduc-
teurs existents: magnétisation induite, magnétisation
rémanente, courant électrique alternatif, mais aussi
celui qui s’éconle loin du conducteur dans le sol. Les
calcules effectués sont valables pour une longueur con-
sidérée infinie de la galerie. Mais quelques change-
ments dans les valeurs doivent intervenir pour une
longueur finie.
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Ayant en vue les considérations teoriques antérieures
on a calculé les effets du courant électrique continu
a la surface. Les paramctres variables pris en con-
sidération ont été: z (la distance en km en plan hori-
zontal du centre de la galerie au point d’enregistrement
P) et Z (la distance en ki, a la verticale, d¢s le
point d’enregistrement P a4 la cote de la galerie).
Pour un courant continu de 100 A, on a calculé
les eflets produits par cclui-ci pour que les résultats
obtenus soient aisément d’interpréter pour nimporte
quel autre courant. Dans le tableau qui suit sount
présentés quelques résultats pour observer la maniere
de dépendence de l'intensité du champ magnétique B

des z et Z (en uT).

x(km) 0.0 0.20 040 0.60 0.5U |
z(km)

0.010  2000.0 99.9 500 333 250
0.250  800.0 99.2 499 33.3 25.0
0.050  400.0 97.0 49.6 33.2 25.0
0.075  266.7  93.6 491 33.1  24.9
0.100  200.0 89.4 485 32.9 24.8
0.125  160.0 84.8 -47.7 326 24.7
0.150  133.3 80.0 46.8 323 246

On observe que pour une distance de plus de 400
cutre le point d’observation ct la galerie, I'influence de
la profondenr dans le calcul de la valeur de 'intensité
du champ magnétique B diminue de maniére qu’a
600 m la valeur se modifie avec 1 nT pour -une pro-
fondeur variable de la galerie, de 10 & 150 m. Pour
une meme profondeur de la galerie, 0,01 km par exem-
ple, sur les premiéres centaines de metres la diminu-
tion est importante (des centaines de nT). Pour des
distances dépassant 0,5 kin entre la galerie et le
point d’enregistrement, la modification de l'intensité
du champ magnétique présente des valeurs unitaires ou
méme subunitaires. Des données présentées on observe
comme le gradient magnétique diminue avec chaque
centaine de metres.

0.5-0.6km 6.60T/100 m

0.6 -0.7 4.7
0.7-08 3.6
0.8-09 2.8
09-10 2.2
1.0-1.5 1.4
1.5-2.0 0.6
2.0-5.0 0.2
5.0 - 10.0 0.04

Les études effectuées ne se sont axées unique-
ment sur des considérations téoriques sur les sources
et les caractéristiques des champs magnétiques na-
turels et industriels, mais ont suivi aussi la possibilité

d’effectuer des mesurages magnétométriques dans la
présence des bruits industriels de 'activité miniére.
Les expériments ont été entrepris en deux provinces
différentes du point de vue géologique — le bassin
sédimentaire de Comanesti et la zone de Deruptif
néogene de Baia Mare.

De la large gamme d’expériments effectués — des
mesurages classiques ou simultanés dans les rescaux
de micropanneaux magnétiques, mesurages dans des
profiles magunétiques ou dans des points fixes situés a
des différentes distances par rapport a la galerie — les
plus significantifs seront détaillées & continuation.

Pour I bassin sédimentaire de Comanesti, deux des
résultats obtenus sout représentatifs. Dans la fig-
ure 3 on présente deux enregistrements simultanés
du champ magnétique, enregistrements exécutés dans
deux points fixes - Pun situé sur la galerie et 'autre
a 50 m du premier. On a enregistré de variation
de lordre de centaines de n'T' dans le premier cas et
de lordre de dizaines de n'T' dans le deuxiéme cas.
Représentative cst la figure 4 ou les variations du
chhamp magnétique enregistrées en trois points fixes
emplacées sur la galerie, & 100 m et.a 300 m de celle-ci,
diminuent fortement une fois avec I’éloignement de la
source de perturbation.

Dans la figure 2 on présente des enregistrements syn-
clirones avec deux magnétometres emplacés a des dis-
tances différentes de la source du bruit (50 m, 250 m,
500 m) (1 et 2) qui ont été effectués dans les périmetres
des exploitations minieres de Rudnii Altai et Karatau
(Busnev, 1977). Ces cnregistrements ont été comparés
en permanence avec ceux exéculés dans un point de
référence situé a approximativenient 12 km de Daire
polluée (3). Les investigations entreprises ont conduit
a des résultats remarquables: on peut exécuter des
prospections maguétométriques de précision (e = =+
2nT) & une distance de plus de 500 mi des installations
de l'exploitation miniere.

Dans la zoune de I'éruptif néogene, une des zones in-
teressantes a été délimitée dans le cadre du périmeétre
minier de Baita. Tuzoga - située a 4
ki vers le nord de la localité de Baita ~ a représenté
une autre source perturbateure dont on a suivi la
maniére d'influence. Les niesurages ont été exécutés en
deux panneaux micromagnétiques, disposés transver-
salement sur la galerie et emplacés a 50 m de Uentrée
dans la galerie (A) et, respectivement, a 25 m du pre-
mier (B). On a cffectué les mesurages tant dans la
maiiére classique, la base pour 'enregistrement de la
variation diurne étant emplacée en dehors de la zone
polluée magnétiquement (5 km environ), aussi bien que
synchrones avec 4 magnétométres protoniques, deux
pour chaque panneau, mais sans un dispositif spécial
de synchronisation. Dauns la planche sout représentées
les images du champ magnétique pour les deux pan-

La galerie de
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Fig. 2 - L'enregistrenment du champ magnétique au-dessus (a) et & 50 m (b) de la galerie RAL-Comanesti.
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Fig. 3 - L'enregistrement simultané des variations du
champ magnétique dans 3 points emplacés dans la zone
de la galerie RAL-Cominegti miniére (aprés Busuev, 1970)

Fig. 4 - Séquences du bruit cngendré par 'activité
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Fig. 5 - Enregistrement des variations temporaires du champ magnétique dans la zone de la galerie Tiizoga-Biita.
neaux: A - des mesurages synchrones avec deux  courant électrique continu a é1é quasiconstante. On
magnétometres protoniques, et B — des mesurages en  ohserve, dans Pimage presentée, que la partie centrale
deux variantes (classique-2 et synchrone-1). du panncau est caractérisée par une zone anomale, dis-

Dans intervalle olt on a exécuté les enregistrements  posée aw-dessus de la galerie, en représentant effet
des deux panneaux, la locomotive électrique est restée  du & celle-ci. Pour le panneau apparait un effet cu-
au puits d’extraction de Tiizosa, donc intensité du  mulé du tant a la galerie que par le conduit métallique
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enfoui 4 unc profondeur réduite. L'emplacement de
ces micropanneaux a cu comme but l'obtention des i-
mages du champ maguétique dans la zone d’une mine.
Tenant compte de la nature des phénomenes per-
turbateurs (des bruits a des réguus transitoires) les
résultals ne sout pas si concluants. Ainsi on a con-
sidéré utile I'emplacement de certains points perma-
nents de mesurage, ayant en vue aussi la variation des
phénomeénes qui perturbent le champ magnétique ter-
restre dans de telles zones polluées (fig. 5).

Il est digne d’attention le fait que Uenregistrement
effectué dans les points situés & 50 m et, respective-
ment, 400 m de la galerie a é1¢é réalisé pendant le pas-
sage de la locomotive électrique, ainsi qu’au station-
nement de celle-ci.

D. ALEXANDRESCU, M. ALEXANDRESCU

Les variations de Pamplitude de I'intensité du champ
magnétique enregistrées dans ce point sont de 'ordre
de 10 4 12 n'T, en démontrant la diminution accentuée
de Veffet perturbateur le long des premicres centaines
de metres par rapport a la galerie.

De la comparaison du profile mesuré dans la zone du
systeme de galeries de la vallée de Tuzosa Mare avec
les profils théoriques calculés pour trois intensités du
courant. électrique continu (I = 40, 70 et 100 A) on
observe que les amplitudes maximuims sont présentes
dans la zone de la galerie, les effets étant de centaines
de n'T tant pour les cas théorique que ceux réels aussi.

Une autre zone investiguée, qui nous a fourni des
résultats tres intéressants, est situde dans le périmetre
minier de Hba (les galeries de Firiza T et de Tapu).
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FFig. 6 - La variation temporaire du champ magnétique enregistrée dans la wone de la galerie Firizan [ - Ilba.

Le diagramme (a) représente enregistrement des
variations du champ magnétique dans un point situé
immédiatement au-dessus de la galerie & 40 m environ
a la verticale. Sur le diagramume (b) de la variation
en temps du champ magnétique enregistré a 50 m de
la galeric on observe deux intervalles de temps, entre
1197 hoet 1175 hoet 1299 hoet 125 h & de grandes varia-
tions (300 n'T environ) de lamplitude de Uintensité du
champ magnétique, dus au déptacement de la locomo-
tive électrique, ce qui implique de grandes variations
de I'intensité du courant dlectrique continu.  Le dia-
gramme (c) représente la variation en temps du champ
magnétique, dans un point situé 4 400 m de a galerie.

Les figures 6 et 7 représentent les variations du champ
magnétique en deux points fixes emplacés dans la zone
des galeries susmentionnées, ainsi que les courbes de
variation diurne pour le meme intervalle de temps.

Le point de 'enregistrement présenté dans la figure 6
est emplacé a approximativement 135 m de Uouverture
de la galerie, & 25 m latéralement de celle-ci et & 95
m & la verticale. L'enregistrement est earactérisé par
Pexistence de quelques perturbations i de grandes am-
plitudes, jusqu’a 200 n'T, sur le fond de certaines vari-
ations a des amplitudes peiites. guelques dizaines de
n'T.

Le pomt fixe dans lequel on a obtenn la variation
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Fig. 7 - La variation temporaire du champ magnétique au-dessus de la galerie Tapului - Ilba.

du champ magnpétique présentée dans la figure 7, est
emplacé a 50 m de 'ouverture de la galerie de Tapu,
au dessus de celle-ci, la galerie étant & uue profondeur
de 22 m. A la différence de ce cas on observe des vari-
ations de Vintensité du champ magnétique a de tres
grandes amplitudes, jusqu'a 900 nT environ, sur le
fond des variations a de petites amplitudes de l'ordre
des dizaines de n'l".

On a recourt a ces expériments pour une vérification
des considérations théoriques présentées et pour met-
tre en évidence les conclusions ci-dessous.

Les études entreprises, théoriques et pratiques, ont

déterminé la maniére dans laquelle Jes résultats de
la prospection magnétométrique sont mfluencés par
Pactivité miniere du périmetre respectif (le bruit sta-
tionnaire produit par les constructions métalliques de
la galerie, le bruit transitoire produit par les varia-
tions du courant électrique continu et celui alternatif
de haute tension.

Les variations en temps du champ magnétique dans
les zones fortement polludes n’ont pas évidentié des
particularités concernant amplitude ou la {réquence
des cffets perturbateurs qui permet une séparation
ou une dimination de ceux-ci. Itant dounée que



Pintensité du champ magnétique due au passage
du courant électrique diminue uniquement avec la
premiere puissance de la distance et celle due aux ob-
Jets métalliques avec la deuxieme puissance de la dis-
tance, on seuligne que ce taux d’abaissement lent du
bruit du premier cas constitue la principale cause des
perturbations engendrés par la présence des galeries
dans la prospection magnétométrigue au sol.

Les calcules théoriques et les expériments effectuds
ont délimité une zone de 400 a 500 m environ au tour
de la galerie, ou les variations du champ magnétique
perturbateur sont grandes; au dehors de celte zone les
modifications de Pintensité du champ magnétique sont.
réduites de lordre des unités ot meme subunités. A 400
ou 300 m de la galerie Tintensité du chanip magnétique
dépend plus ou moins de la profondeur par rapport &
la source perturbatrice.

Dans les zones minicres done, on peut apphquer la
méthode de la prospection miagnétométrique a des dis-
tances de plug de 500 m des sources perturbatrices
du souterraine, la meme distance étant mentionnéde
aussi par les études effectuées par les chereheurs russes

(Busuev, 1970).
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Abstract: Magnetics in arcus covered by shallow walers. Babadag Lake. Shallow waters

BucUEEST
]

than 30 sq.

nnvestigations on the Babadag Lake were carried out to establish a suitable method for
magunetic prospecting of such areas.
km. were mapped and a consistent set of data for both land and water

By the help of the achieved methodology more

arcas has been obtained allowing the compilation of a high accuracy magnetic map AT.
The outlined magnetic anomalies revealed the existence of some hidden magmatic bodies
located at depths of 40-60 m. Discussions are made on their geological significance.

Introducere

Apele de micd adincime - shallow walers - cum
sint ele numite In literatura anglo-saxona. sint acele
ape a cdror adincime nu depageste. de regala, 2-3
metri. In tara noastra cle constituie, n principal,
Delta Dunarii si complexul lagunar Razelm-Sinoe. Nu-
mai ultimul ansamblu de lacuri mengionat totalizeazi
peste 70.000 ha, ccoa've oferit o inagine concludenta
asupra raspindirii acestor zone gi, implicit, a necesitdgn
prospeclarii lor.

Situate la contactul dintre uscatul nord-dobrogean
si apele Marii Negre, invesligarea acestor ari ar
putea conduce la descifrarea raporturilor corecte dintre
structurile nord-dobrogene si cele ale platformer conti-
nentale a Marii Negre, prin corelarea datelor geologice
pe care le detinem asupra teritoriului dobrogean cu
informagiile recent furnizate de cercetarile geologice g
geofizice intreprinse in domeniul marin.

Studiul la care se refera lucrarea de fald a urmarit
punerea la punct a nnei metodologi care si per-
mitd cartarca magnetonietricd de semidetalin (scara
1:25.000) a acestor zone. Viabilitatea si fiabilitatea
metodei elaborate au fost. testate prin cartarca lacului
Babagad (cca 3.000 ha), soldati gi cu unele rezultate
interesante din punct de vedere geologic.

1. Lucrari anterioarce

Primele cercetiiri magnetometrice m domeniui ac-
vatic au fost realizaie m {ara noastrd wm perioada

19691970 (Romanescu et al., 1972) si s-au concretizat
intr-o hartd magnetometrici de recunoastere a plat-
formei continentale a Marii Negre m zona Ioralu-
fui romanese. A fost utilizat m acest scop un mag-
netometru protounic marin de constructie britanica
{(FLSEC). Reteaua de observatic consta, in principal,
dintr-un evantai de profile convergente n zona portulul
Constanta, iar pozitionarca si dirijarea navei se fdcea
cu mijloace clasice de navigatie.

In pericada care a urmat (1976-1978) au fost
intreprinse investigatii geomagnetice de detaliu pentru
evidengierea acumularilor de minerale grele, in imedia-
ta vecinatate a litoralulut (Veleescu et al., 1979, date
nepubl). Dirijarea gi pozitionarca navei se ficea mult
mai exact, cu ajutorul unor mijloace optice, de pe mal.
Tractarca senzorului pe fundul apei s-a dovedit insd
neinspirati, acceleratiile 31 deceleratiile bruste, la care
era supus senzorul, producind Tsalturt” in indicatiile
magnetometrulul fard legdturd cu substratul geologic.

O altd metodologie de achizitionare a datelor mag-
netometrice 1 domeniul marin a fost experimentatd
de Sava (1981, date nepubl), care a utilizat mag-
netormetre terestre de tip MPP-78, avind senzorii
monta{i pe catargul unet birei tractate de o nava re-
morcher. Pozitionarea s-a ficul cu mijloace moderne
de radionavigatie de tip HI-I'TX. Cu ajutorul acestul
sistem s-a lucrat ani la rind Ja realizarea unor foi de
harti magnetometrica Ja scara 1:200.000.
senzorilor magnetometrelor in virful unui catarg de

Plasarca

10 metri conducea, s, la amplificarea migcarilor da-
torate tangajulut gi ruliulul ambarcatiunii purtitoare,
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inrdutdtind astfel raportul semnal/zgomot. De aceea,
ulterior s-a trecut la utilizarea unui magnetometru
marin MPM-2S, produs in cadrul 1.G.G., cu o arhi-
tecturd similard celui utilizat de Romanescu i colab.
(1969-1970).

In domeniul lacustru propriu-zis, investigatiile mag-
netice au debutat cu determindri de susceptibili-
tate efectuate pe probe prelevate din sedimentele
recente (Radan, Radan in Mihailescu et al., 1978,
date nepubl.). Cercetérile s-au desf8gurat in diverse
perimetre din Delta Dundrii si din ansamblul lacustru
Razelm-Sinoe.

Paralel cu aceste preocupari, autoril mentionagi au
initiat st studii asupra repartitiet compului geomagnetic
in aceste arit. Primele tentative, intreprinse cu aju-
torul unui magnetometru protontc cu senzorul trac-
tat pe fundul apeti, s-au lovit de aceleasi impedimente
ca st cercetirile efectuate de Velcescu et al.( 1979,
date nepubl.). Obstacolele intilnite de senzor in calea
sa produceau salturi artificiale m indicatiile magne-
tometrului, iar apropicrea prea mare de surse ficea
metoda mai adecvatd determindrilor de susceptihili-
tate decit de cimp geomagnetic. De aceea, incepind
cu anul 1982, s-a trecut la utilizarea unui senzor plhiti-
tor, ceea ce a iimbunatitit considerabil calitatea deter-
mindrilor (Radan, Radan in Mihailescu et al., 1983,
date nepubll).  Cu ajutorul acestei metodologii si
folosind mijloace clasice de navigatie au fost realizate
o serie de profile magnctometrice A T de recunoastere
in Delta Dunarit si complexul lagunar Razelm-Sinoe.

2. Metodologia de lucru

2. 1. Swstemul de achizifionare a datelor

Prin sistem de achizitionare a datelor (SAD) am
definit ansamblul elementelor care permit efectuarca
determindrilor magnetonietrice - eonditiile specifice
domeniului mentionat. Elementele constitutive ale
SAD sint:

- magnetometrul propriu-zis,

- myjloacele de radiocomunicatie,

— ambarcatiunca (vectorul purtitor).

Arhitectura versiunil finale a SAD este prezentatd
m figura 1. Soluiia adoptatd derivd dintr-o varianti
a cercetdrii acromagnetice. Optiunea pentru ”totul la
bord” a fost impusid de conditiile de lucru specifice.
Daca m zonele lacustre propriu-zise, caracterizate de
oglinzt de apa largi, metodologia "clasicd™, cu senzor
tractat la o distan(d convenabild de ambarcatiunea
purtatoare. funclioncaza, w ariile denumite de noi
"deltaiee™, acoperite de stuf, 1 care circulatia se face
doar pe canale sau japye (ceca ce olera posibilitati re-
strinse de manevrd) utilizarea sa devine greoaie sau
chiar imposibila. Cu SAD adoptat s-au putut carta
cu usurintd aceste zone, vectornl purtator permifind

L. BESUTIU et al.

schimbiri bruste de directie si chiar intoarceri in loc in
cazul canalelor infundate.

Fig. 1 - Configuratia sistemului de achizitiondre a
datelor (SAD): SN, senzorul magnetometrului; B, bom-
pres nemagnetic; R, rezervor de carburant: M, motorul
ambarcatiunii.

Inaintea incepern lucrarilor propriu-zise au fost
treprinse cercetdri speciale asupra viabilitatii solutiet
adoptate, examinindu-se influenta diverselor surse de
zgomot ce ar putea altera semnalul magnetometric.

2.1.1. Zgomolul magnelic cu caracler stajionar

Influenta elementelor feromagnetice din constitutia
SAD (motor, rezervor de carburant, acumulatori,
statle de radio etc.) a fost examinatd prin micro-
cartarea cimpului magnetic din jurul acestuia (fig. 2).
Plasarea senzorului la extremitatca bompresului ne-
magnetic 1l lereste complet de aria contaminata.

2.1.2. Zgomotul magnetic cu caracter lranziloriu

Plasarea senzorului la bordul ambarcatiunii ridica
problema delicatd a perturbatiilor datorate cimpului
electromagnetic creat de functionarea motorului, a
ciarut influentd se resinmite dincolo de raza de actiune
a cimpulut stationar.

Pe baza unor experiente realizate la punct fix cu
diverse tipuri de aparaturfi, s-a demonstrat capabili-
tatea magnetometrului cu pompaj optic M-33 de a
functiona in aceste conditii. Coustatarea este astflel
m deplindl concordantil cu rezultatele unor studii ante-
ricare privind comportarea magnetometrelor terestre
i cimpurt electromagnetice perturbatoare (Besutiu,
1986) (fig. 3).

2.1.3. Zgomolul provocal de miscarie de ruliu si
langaj

Spre  deosebire  de  cercetdrile  magnetometrice
intreprinse pe uscat, i domeniul acvatic senzorul
maguoetometrului este permanent supus la diverse
acceleratii pe care le suporta vectorul purtator. Spre
a evita amplificarea acestor migeari nedorite, senzorul
magnetometrului a fost plasat pe un catarg-bompres
Simularca
unor nugciri de ruliu $1 tangaj 31 mregistrarea compor-

cotfectionat din maieriale nemagnetice.

tamentului magnetonetrelor la punct fix au demoun-
strat din nou superioritatea magnetometrulur M-33,
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FFig. 2 - Cartarca zgomotului magnetic cu caracter stationar din jurul SAD.
1, baza panoului; 2, locatia statiei magnetometrice gi valoarea A T (in nT): 3, izolinii A T (in nT);
4, senzor magneiometru: 5, conturul ambarcatiunii; 6, nmotor; 7, rezervor de carburant.

care a funclionat stabil pind la oscilatii de 10-15°.

2.9 Tehnica de lucru

Inaintea inceperii lueririlor de cartare magnetome-
tricd a lacului Babadag a fost realizata pichetarea s
ridicarca topografici a capetelor de profile pe (&rmul
de nord gt de sud al acestuia.  In conformitate cu

certutele lucrdrilor magnetometrice efectuate pe uscat

de I.P.G.G., distanta intre profilele de observalie a fost
de 200 m.

Dirjjarea si pozitionarca SAD pe profilele de lucru
s-a realizat de pe mal. cu ajutorul unor mijloace op-
tice, similar metodel utilizate de Veleescu et al. (1979,
date nepubl). Astfel. [a extremitatile profilului de lu-
eru au fost amplasati doi operatori dotati cu teodolite
st mijloace de radiocomunicatie, care dirijau pe rind,
tn raza lor de vizibilitate, ambarcatiunea, comunicind
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prin radio cu timonierul. Un al treilea operator era
plasat lateral, stabilind la mtervale de timp regulate
pozitia ambarcatiunii pe profilul respectiv. Dupa cum
au demonstrat-o, insi, testele efectuate pe cca. 20 pro-
file, ambarca(iunca circula cu viteza constantd, cecea
ce permitea identificarca pozitiei punctului de masura
de pe un profil numai pe baza ctichetei de timp a
inregistririi (mentiondm ca determinirile de cimp ge-
omagnetic se fAceau.n regim automat, la fiecare 15
secunde, ceea ce, la o vitezit de 10 km/h, inseamna cca
40 m intre statil.

In zonele de tip “deltaic” pozitia SAD a fost sta-
bilitd prin cartare dircctd pe hargi la scara 1:5.000.
Intre detaliile planinetrice identificate, la diverse mo-
nmente, de-a lungul unui profil (intersectii gi schimbari
de direciic ale canalelor, capete de canal ete.) pozitia
punctelor de observatie a fost stabilita m ipoteza une
deplasfirt cu viteza constanta.

T to7)
A? 8201 0= 0= 0~ 00
47 a0
7801
L FPP-TSH)
10'0-
7201
47 )
Tinm
980 M-33
l+7 960 OO e Gome D O Dm0 Dm0 OO OO QOO
i " Or0 1‘ oo 2
Fig. 3 Influenta cimpului electromagnetic creat de e

torul ambarcaiunii asupra magnetometrelor protonice (a)
si cuantice (b).

1, determundri clectuate cu motorul oprit:
efectuate cu motorul pornit.

2, determindri

3.3. Calitatea determundrilor magnetometrice

Despre rolul gi semnificatia acestul parametru in
mtocmirea si interpretarca hargilor magnetonetrice,
precunt gi a modului de evaluare a sa, s-a vorbit pe
larg intr-o lucrare recentd (Begutin, 1938).

Estimarea calitatii lucrarilor magnetometrice lacus-
tre efectuate pe lacul Babadag a fost realizata cu aju-
torul unor profile de control repetate i zile diferite,
cu sensuri diverse de parcurgere. Abaterea standard
calculatd pe baza acestor teste a fost sub £+ 1,5 n'T,
ceea ce a periis construirea har(il magnetometrice cu
un interval de interpolare de 5 n'T.

L. BESUTIU et al.

4. Particularitati ale morfologiei cimpului
geomaguetic in aria investigatd. Asupra
naturii geologice a surselor anomale

Morfologia cimpului magnetic terestru in aria la-
cului Babadag confirmi partial informatiile furnizate
de cercetarea aeromagneticid regionald (Cristescu,
Stefanciuc, 1967, date nepubl.) completindu-le cu de-
talil inerente a.chlZlLloncun datelor pe o suprafatd mult
mal apropiatd de sursele anomale si la un grad de de-
taliere mai ridicat.

Larga anomalic regionald de maxim din aria lacu-
lui Razelm, pe a cérel terminatic esticd se afld situat
lacul Babadag, releva, intr-un plan situat la 600 m sub
nivelul la care a fost realizatd harta aeromagnetica, o
serie de complicatii morfologice datorate, fird indoiala,
unor surse situate relativ aproape de suprafatd. Es-
tindri de adincime efcctuate cu ajutorul procedeului
Peters (Glebovskii, Vasiutocikin, 1981) au ar@itat cd
faia superioard a corpurilor perturbatoare se situcazi
la adincini de 40-60 m.
semnalate pe lac.

m toate cazurile anomaliilor
Principalele efecte anomale cartate (fig. 4) sint
urmatoarele:

- prima grupd o constituie efectele conturate in cen-
trul lacului, la sud-vest de punctul geodezic Uriasul;

- a doua grupi sc afli pe rama sudicd a lacului,
in imediata vecinitate a artel de aflorare a ca]mnolot
cenomaniene, intre profilele 56-61;

- 4 trela grupd apare pe terminagia sud-csticd a
intr-o arie denumiti de noi deltaica”. fiind
Efectul conturat aici, pe baza de-
terminirijor efectuate pe canale si japse, ramine des-

lacului,
acoperita de stuf.

chis in promontorinl de la nord de localitatea Enisala.
Profile executate pe tdrm au regisit valorile anomale
constatate in domeniul acvatic, la o amphtudine ceva
mai atenuata si fard pronuntatul termen de minim
care caracterizeazd anomalia ob{inuta pe lac, ceea ce
aratd limitarea sau, cel putin, afundarea sudicd a sur-
sel anomale.

Prima tentativa de interpretare geologicd a acestor
anomalii a pornit de la un model de simulare a efectu-
lui magnetometric produs de sedimentele recente de pe
fundul lacului.
acestor depozite le conferd susceptibilitdyi magnetice
de pind 1a 40.107% uCGS (Ridan, Radan in Mibdilescu
et al., 1983, date nepubl.). Modelarea a ardtat insa
¢, pentru a atinge amplitudinea anomalitlor observate
in centrul lacului, de exemplu, grosimea acestor sedi-
mente ar trebui s depigeascii 2.000 m (1), ceea ce este
imacceptabil, morfologia cimpului modelat fiind oricum
datoritd adincimii reduse
funate i considerare la sunularc.

Prezenta unor miuerale grele i cadrul

deosebita de efectul observat.,

Privite w contextnl mai larg oferit de hargile mag-
netometrice realizate n regiune (Manea, 1986; Manea,
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Fig. 4 - Harta magnetometricd A T a lacului Babadag (nivelul de referinta

magnetometrice = 1988,0). ]
1, profile magnetometrice; 2, izolinii A T (in nT); 3,
bazei lleracleca.

Manea, 1987, date nepubl.) grupele anomale din are-
alul lacului Babadag se incadreazd intr-un gir mai
larg de anomalii care se desfiigoara paralel cu linia de
incilecare dintre unitatca de Niculifel si unitatea de
Tulcea (am numit aici efectele conturate la sud-est de
dealul Lisii Hora, sud si sud-est de localitatea Mihai
Bravu, nord-vest de localitatea Babadag). Plasarea lor
intre ivirile de bazalte (recunoscute pentru susceptibi-
litatea lor magnetici ridicati) de la sud-vest de Mihai
Bravu si novrd de Enisala, conduce, aparent fard dubn,
la desemnarea acestui tip de rocd ca sursd a anomali-
ilor conturate.

Apar, msa, in acest caz, o serie de aspecte mal
greu de explicat. Astfel, toate anoma-
lille din sirul mentionat mamfestd unele tendinge
de orientare perpendiculard pe directia planului de
imcalecare mentionat (lucru evident s1 i cazul primel
grupe anomale).

aproape

baza Heracleea, epoca ricicirii

contural oglinzii de apd; 4, arii acoperite de stuf: 5, locatia

Al doilea aspect, care intrigd, este faptul cd anoma-
litle cele mai intense ale girului, cele de lingd Mihai
Bravu, se termind tocai in zona de allorare a bazal-
telor considerate ca sursd ! Bazaltele din zona Enisala
au demonstrat proprietd{i magnetice relativ modeste
(susceptibilitii sub 10~ uCGS st remanente negli-
jabile), iar corpurile de microgabbrouri si dolerite cu
care se insotesc au un comportanent magnetic sim-
ilar.  Avind mnsd in vedere gradul foarte avansat de
tectonizare si alterare supergena la care au fost su-
puse, se¢ poate accepta totusgl ci, In stare proaspitd,
ar putea atinge susceptibilitdft magnetice comparabile
cu cele ale bazaltelor de la Mibai Bravu (150-180.1076
uCGS), suficiente pentru a explica anomaliile contu-
rate in cadrul celel de-a treia grupe. Ramine insi, si
In acest caz, problema reducerii amplitudinii anomabhel
magnetice pe (arm., in aria de aflorare a presupuselor
surse (reamintim cd estimdrile de adincime au ardtat
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cd, in domeniul lacustru, fata superioard a corpului
perturbator este situatd la 50-60 m adincime). De alt-
fel, profile executate pe tdrm nu au ardtal acea mor-
fologie agitatd a cimpului, tipicd in cazul unor surse
amplasate superficial.

O altd ipotezd in legdturd cu natura geologici a
surselor anomaliilor magnetice conturate pe lac face
apel la existen{a unor roci necunoscute in aria respec-
tiva, apartinind unui magmatism cretacic-superior sau
post-cretacic.

Intreaga zoni pusi in discutie se aflx pe un puter-
nic cordon gravimetric, care a fost interpretat ca fi-
ind suprapus flancului sudic al unui graben (Rogea in
Visarion et al., 1986, date nepubl.) sau limitei unui
batholil granodioritic (Andrei n Borcog et al., 1987,
date nepubl.).
Babadag apare ca o zond de minima rezistentd, fa-
vorabild insinudrii materialului magmatic de-a lungul
unor falii. Astfel s-ar putea explica gi orientdrile per-
pendiculare pe planul de ncalecare ale axelor anomale
mentionate anterior.

Optiunea pentru unul din modelele amintite este di-
Micild, iar datele de flux geoterniic nu pot ridica ambi-
guitatea interpretérii, datoritd lipsei de aport caloric
al granitelor nord-dobrogene (Veliciu in Visarion ct
al.,, 1986, date nepubl.). Este de remarcat, totusi,
tendinta de maxim pe care o inregistreazd harta de
flux geotermic in zona lacului, grefatd pe un
regional ce acopera aria presnpusului graben
s-ar putea explica prin prezenta in accasti arie a
unel fracturi profunde, incd circulate, posibild cale
de acces pentru magmele mentionate.  In favoarea
existentel unui rezervor magmatic, care si fi alimen-
tat insinudrile de material eruptiv din zona lacului
Babadag, pare a pleda marca anomalic magnetic ce
se extinde spre est, 1 domeniul lacului Razelm. De
notat, de asemenea, tendinta gravinmetricd de maxim,
exprimatd in anomalia reziduali (Rogca, Stefanescu
m Visarion et al., 19806, date nepubl.) din aria lacu-
lui Babadag, conditionata, probabil, de existenta unor
roci de naturd bazicd sau ultrabazici, capabile si ofere
contrastul de masa necesar aparifiei sale.

In ambele ipotleze, regiunea lacului

minim
g1 care

Received: May 10, 1988
Accepted: May 10, 1988

L. BESUTIU et al.

Concluzii

Corectitudinea gi fiabilitatea unei metodologii de
cercetare magnetometrici a ariilor acoperite de ape de
mica adincime a fost elaborati si testatd prin cartarea
lacului Babadag. .

Spre deosebire de prospectiunca aeromagnetici, ce
evidentiase in aceasta regiune doar terminaftia vestic
a unei anomalii regionale, a ciret cauza pérea situata la
mare adincime, cercetarile intreprinse pe lac au relevat
cel putin o categorie de surse anomale locale, mult mai
apropiate de suprafatd (50-60 m), reprezentate proba-
bil de roci bazice sau ultrabazice. Asupra naturii lor
au fost formulate doud ipoteze principale:

a) magmatite bazice triasice alohtone, cantonate in
fruntea pinzei de Niculitel;

b) roci necunoscute in prezenl in zond, aparginind
unut magmatism mai nou, poate de tipul andezitelor
cenomaniene intilnite de forajul marin de pe structura
Lotus, insinuate de-a lungul unor linii de fractura, sem-
nalate de cordonul de gradient gravimetric ce acopera
aria lacului Babadag.
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Abstract: The argillization-silicification hydrothermal processes affecting the eruptive
rocks of the Metaliferi Mts induced the substitution of the accessory magnetite with
iron sulfides and, sometimes, an enrichment of the rocks in potassium mincrals. These

transformations are auspicious for a good application of the magnetic and gamma-ray
spectrometry methods in the hydrotherinal haloes study.

Introduction

The geological studies effectuated in the Metali-
feri Mts revealed a close correlation between the hy-
drothermal haloes and the ore bodies, in the sense
that the base-metal and/or auro-argentiferous veins or
stocks are included in such haloes (Ghitulescu, Soco-
lescu, 1941; Tanovici ot al., 1969).

The direct mapping of the hydrothermal haloes be-
mg sometimes diflicult, it was necessary to obtain in-
direct, geophysical information. In this respect, in the

Metaliferi Mts it has been emphasized the capacity

of the magnetic method to outline the hydrothermal
alteration areas of argillization, sericitization, silicifi-
cation, pyritization type (Romanescu, 1963; Calota.
Romanescu, 1963), because the mentioned transfor-
mations lead to the substitution of the accessory mag-
netite from the volcanic rocks with paramagnetic min-
erals.

The hydrothermal haloes cover large arcas and con-
sequently their geological or magnetical delimitation is
not enough for the location of the ore bodies. Taking
into account that the hydrothermal mineralizations are
often closely linked spatially with a potassium meta-
somatosis (adularization, sericitization, illitization), it
has been counsidered that the radiometric method can
offer uselul data for indirectly locating the ore bod-
ies as duc to the radioactive properties of a potassium
1sotope. (Kag).

The complexity of outhning the hydrothermal haloes
and the highly metallogenic areas within them, by
means of the mentioned methods,
determined us to effectuate

geophysical
experimental works

in the Metalifer1 Mts. This paper presents the re-
sults of the rescarches carried out in the period 1979~
1981 in the Bocga-Sacarimb, Coranda Mare and Piriul
lu1 Avram zones, geologically situated in the south-
ernmost part of the Neogene volcanic belt related to
the. Brad-Sacarimb basin, between the Hondol and
Sacarimb deposits.

Bocsa--Sacarimb Zone

From the geological point of view Sacarimb quartz
andesites crop out in the Bocga—-Sacarinib zone (Un-
gurcanu, Aldea, 1972, unpubl. report). The south-
castern part is characterized by biotite-bearing amphi-
bole andesites and the north-western part by pyroxene-
bearing amphibole andesites i intrusive facies (Fig.
1). On a NW-SE striking strip the andesites are highly
hydrothermalized (argillized, silicified, pyritized); a
stock-type lead-ziie mineralization intensely illitized
(Udubasa et al., 1976) occurs in the Bocga ore deposit.

The petrophysical determinations of magnetic sus-
ceptibility and the K, U, Th contents have been effec-
tuated on andesite samples {rom outcrops and drillings
(Ioane, Andrei, 1980, unpubl. veport). The pyroxene-
hornblende quartz andesites of Dealul Grozii type
(north-western sector) show differcut magnetic suscep-
tibilities, generally determined by the hydrothermal
alteration degree. Thus, on unaltered rocks or af-
fected by autoinetamorphic propylitization, values of
500-2200.107" uCGS have been obtained (average ca
1300.107% uCGS) whereas on highly argillized rocks
the values range between 0 and 75.107% uCGS (aver-
age 15.107% uCGS). The magnetic anomalous effect
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Fig. 1 - Structural and metallogenetical sketch-map of the Bocga-S&c&rimb zone elaborated on the basis of
AT magnetic and gamma-ray spectrometric data.

Neogene volcanics: 1, hornblende+biotite quartz andesite; 2, hornblende+pyroxenes quartz andesite; 3,
intense hydrothermal alterations (argillization, silicification, pyritization}; 4, eruptive body boundary, geo-
logically traced; 5, lead-zine stock outline in a mine horizon; 6, hydrothermal alteration halo inferred from
AT magnetic data; 7, potassium hydrometasomatosis hale, inferred {rom gamma-ray spectrometric data: a,
intense; b, highly intense; 8, fractures inferred from magnetic data; 9, fractures with metallogenetic functions
inferred from gamma ray spectrometric data; 10, geological boundary inferred from gamma ray spectrometric
data.
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of the hydrothermally unaltered andesites is amplified
by a significant remanent magnetization (the Q co-
efficient determined on a sample was 3.12). Labora-
tory spectral radiometric measurements pointed out
for these rocks contents of 1-2 ppm U, 5-6 ppm Th
and 1-4 per cent K, the K amount varying according
to the intensity of the potassium hydrometasomato-
sis. The biotite4+hornblende quartz andesites of ”La
Vetre type”, unaltered, are characterized by magnetic
susceptibility values of 800-1250.10=% uCGS (average
1000.107% uCGS) as well as by a strong remanent mag-
netization (Q coeflicients values between 3 and 4). Val-
ues of 30-570.10~% uCGS have been obtained on an-
desites of the above-mentioned type with different de-
grees of hydrothermal alteration. The laboratory ra-
diometric determinations indicated for unaltered an-
desites contents of 5 ppm U, 20 ppm Th and 2.5 per
cent K and for altered andesites values of 2.5-3 ppm U,
9 ppm Th and 1.5 per ¢ent K. All this shows that the
andesitic rocks in tlie study zone present similar mag-
netic properties; however, significant differentiations
are observed as regards the U, Th and K content.

The petrophysical data make us consider that the
magnetic map AT outlines, with intense anomalies,
the unaltered volcanics or affected by autometamor-
phic propylitization, the areas with weak magnetic dis-
turbances reflecting the hydrothermal halo. The map#
with the gamma radiation and its components (K, Th,
U) highlight maximum anomalies in the outcropping
and suboutcropping areas of the andesites with a high
biotite content in the "La Vetre” sununit area. The
map with the potassium component gives information
on the potassic hydrometasomatosis but its effect is in-
cluded in the larger maximum “anomaly” determined
by andesites with a high content of primary biotite. In
order to overpass this situation we started from the ob-
servation that for a certain type of unaltered andesitic
rock the contents of U, Th and KX vary within restricted
Limits and they can be practically considered constant.
In the areas with unaltered rocks the values of the K/U
and I{/Th ratios are relatively constant, whereas in the
areas affected by hiydrothermal alterations in potassic
facies the values are higher according to the amount of
the secondary potassium. The major anomalies on the
maps with the K/U or K/Th ratigs (excepting those
obtained on the known mineralized stocks) are suscep-
tible to mdicate new lead-zinc nuneralizations similar
to those worked off in the Bocsa mine. Thus, K/Th
maximum anomaly located at about 250 m ESE of the
main stock has been investigated by two drillings, a
weak Pb and Zu mineralization being identified.

Figure 1 presents tuterpretative aspects resulting
from magnetic and ganuna-ray spectrometric measure-
ments carried out in the Bocga-Sacarimb Zone. It is of
note that the hydrothermal halo delimited by means

of magnetic evidence has a wider spreading area than
the one with potassic facies alterations and, moreover,
the arzas of intense potassic hydrometasomatosis cor-
respor.ds to the mineralized stocks.

Coranda Mare Zoue

Cozanda Mare zone consists of Cretaceous sedimen-
tary deposits of Barremian-Aptian age (sandstones,
clays, siltites) overlain by Almasu Mare gravels (con-
glomerates, gravels, sandstones, clays) of Carpathian
age. They are intruded by subvolcanic bodies and over-
lain by andesitic lavas of Hondol-Faierag (hornblende
andesites) or Sdcdrimb (hornblende+biotite quartz an-
desites) type (Udubaga, Istrate, 1981, unpubl. report).
The Baiaga and Coranda Mare subvolcanic bodies are
strongly affected by hydrothermal alterations, the adu-
laria, silicatclay minerals+baryte facies being widely
spreac. (Udubasga et al., 1976; 1977). Major base-metal
mineralizations associated to the Biiaga subvolcanic
body are also known; in the Coranda structure the
metallogenetic indications are only sporadic.

The magnetic susceptibility measurements effectu- "
ated in the area of study (Ioane et al., 1981, un-
publ. report) showed that the strongest contrast of
the magnetic properties occurs between the Sic&rimb-
type quartz andesites, relatively unaltered, cropping
out 1n the north-eastern extremity (values ranging be-
tween 600 and 2100 107° uCGS, average value about
1300 107% uCGS) and the other rocks and geologi-
cal frrmations. The Coranda Mare amphibole an-
desites. Lighly hydrothermally altered, display low val-
ues (average value of the magnetic susceptibility niea-
sureraents amounting to 5.107% uCGS). Similar values
lhlave been determined on the sedimentary deposits in
the study area, a magnetic dehmitation of the am-
phibole andesites from the adjacent sedimentary for-
mations being not possible. The laboratory gamma-
ray spectrometric measurements cmphasized, in case
of the amphibole andesites, significant variations of the
K, Th, U conceutrations; certain sectors with average
contents of 1.7 ppm U and 3.3 ppm Th, and 1.47-3.66
per cent K fall in the normal field of the amphibole
andesites, the potassium amount varying according to
the intensity of the potassic metasomatosis; the high-
est concentrations of U (4.9-8.4 ppm) and K (5.48-
10.32 per cent) have been obtained on amphibole an-
desites, argillized aud silicified, with pelitic enclaves.
The presence of these enclaves of hornfelsed sedimen-
tary rocks within the andesites of the Coranda Mare
structure explains thie © 2b vatiues of the U component
measured, and the lieh K content i1s due to the neo-
formation minerals from the hornfelsed pelites (biotite,
muscovite, scricite) and to the strong adularization of
the andesites. As for the sedimentary rocks, mention
should be made of the Cretaceous hydrothermalized
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sandstones (Th = &.6 ppm) and the Carpathian mi-
croconglomerates with elements of altered crystalline
schists and andesites (Th = 23.8 ppm and K = 9.01
per cent).
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limited and fracture lines within them could be em-

phasized (Fig. 2).

In the Coranda Mare zone the intense alterations

in potassic lacies facilitated the representation of the

-

\

e

N\

Coranda Hill

[—O

} =

| cghbbi] | | <hb ]2 | he |3 | br-ap|4
7Ty o
g ¢

AAAAAAY 12

10 ——r— il

Fig. 2 - Structural and metallogenetical sketch-map of the Coranda Mare zone, elaborated on the basis of
AT magunetic and gamma-ray spectrometric data.

Neogene volcanics: 1, hornblende4biotite quartz andesites (S&c&rimb type); 2, hornblende andesites
(Hondol-F&erag type); Carpathian: 3, Almagu Mare gravels complex: Barremian-Aptian: 4, Clbesti Beds:
sandstones, silts, argillites; 5, intense hydrothermal alterations [silicifications, argillization, adularization};
6, subvolcanic body; 7, geological boundary: 8, fault. geologically traced; 9, area with hydrothermally un-
altered volcanics inferred from AT magnetis data; 10, petassium hydrometasomataesis halo, mferred from
galma-ray spectrometric data: a, intense; b, highly intense; 11, fractures inferred from A'T magnetic data;
12, fractures with metallogenetic functions inferred from gamiuma ray spectrometsic data.

The magnetic map evidenced a low regional anomaly
in the area with hydrotherinally altered andesites and
sedimentary deposits. the abscuce of a contrast of
magnetic propertics making impossible the mapping
of the Coranda Mare subvolcanic structure using this
method. However, on the basis of magnetic data, the
arca with Sacarimb-type quactz andesites could be de-

hydrothermal halo on the potassium component map,
tlis mapping representing the basis for the steuctural-
wetallegenetic sketch-map. Thus, two arcas of nuax-
imum situated 1 the eastern-

most part of the Bainga-Coranda structure wnd on

have been located,

the Coranda Mare subvoleaulc body. muanly deter-
mined by the mentioned adularization phenomena.
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The higher intensity from the central-western part
points to a structural cause concerning the westward
enrootment of the Coranda Mare andesitic structure.
One can also observe lincaments of NW-SE trending
longitudinal anomalies, that might represent the result
of the alterations in potassic facies associated to vein
fractures. This hypothesis is based on the electromet-
ric {Josan et al., 1980, unpubl. report) and mercuro-
metric (loane et al., 1981, unpubl. report) data from
the study area. 'The drawing up of the maps with
the K/U and K/Th ratios has not brought further in-
formation, tmages sunilar to that on the map with the
potassiuin component being obtained in the area of the
hydrothernialized amphibole andesites. The only ex-
ception, without a metallogenetic significance, 1s rep-
resented by the effect of the hornfels enclaves with a
high-U content which generates areas of minimum on
the map with the K/U ratio. In the sedimentary do-
main, the existence of lithologic variations which cor-
respond to significant differentiations of the K, U, Th
content conmplicates the interpretation of the gamma-
ray spectrometric data, particularly on the maps with

the K/U and K/Th ratio.

Pirtul lui Avram zone

Pirtul Jui Avram zonc is situated mostiy on ilie
Coasta Mare andesitic body, being constituted of bi-
otite+hornblende quartz andesites.  In the north-
westernmost part Carpathian scdimentary deposits
crop out, represented by Almasu Mare gravels (con-
glomerates, microconglomerates, sandstones). In the
upper basin of the Pirtul lui Avram zone hydrothermal
alterations of argillization-silicification type {Ilaiduc,
1963, unpubl. report) are observed, the most im-
portant ones occurring in the arca of the vein [rac-
ture. Withiu it, the gangue minerals are represented
by quartz, dickite. sericite, the mineralization being
fortned of Cu. Te and Ge sulphosalts. The halo of this
vel 1s characterized by an intense silicification, the
clay minerals containing IX practically lacking.

The petrophysical study (loane et al., 1982, unpubl.
report) showed that the Coasta Mare quartz andesites
display a wide range of magnetic sus'ceptibility values
(0-1300.10="% vCGS) in comparison with the intensity
of the hydrotherimal alterations underwent, a quite sig-
nificant aspect in case of this zone. The laboratory
ganuua-ray spectrometric determinations showed that
the andesitic rocks have relatively high contents of U
and Th (4-6 ppmi, 1520 ppm, respectively) and low
contents of K (1-2 per cent). The decrease of the KX
amount 1s the result of the hydrothermal alteration
processes which determine | the transformation of the
primary biotite and did noi lead to the occurrence of
neoformation potassic minerals but to an intense sili-
cification.

Considering the particular petrophysical conditions
of this zone, the detailed Al magnetic map con-
tributed to the outlining of the hydrometasomato-
sis areas and to the drawing up of the structural-
metallogenetic sketch-map (Fig. 3), due to the mag-
netic properties of the rocks which are closely linked
with their degree of hydrothermal alteration. Thus, a
good magnetic mapping of the vein fracture has been
achieved and its southward continuation, after a small
shifting due to E-W faults, has been pointed out. The
information given by the gamma-ray spectrometrical
maps in the area of study has not metallogenetic impli-
cations (the causes being already explained), the lack
of alterations in the potassic facies being correlated
here with the low-grade mincralization of the Piriul lui
Avram vein fracturc. The superposition of some min-
imun anomalies of the K/Th ratio over hydrothermal
circulated fractures is unsignificant for the metalloge-
netic potential of this zone.

Conclusions

The experimental geophysical researches carried out
i the Metaliferi Mts highlighted the opportunity to
use the gamina-ray spectrometrical methodology in
the study of thie hydrothermal haloes, the enrichment
of these data with detailed magnetic measurements be-
ing ecessary.

The areas with Neogene volcanics affected by hy-
drothermal alterations of argillization-sericitization-
adularization-silicification type are mostly revealed on
magnetic images by quite low anomalies in countrast
with the adjacent unaltered zone strongly disturbed
Locally, e.g. mn the Pirful lui Avram
zone, the existence of a narrow hydrothermal halo,
closely linked with the vein fracture, made possible
its magnetic mapping. In cases in which the strongly
hydrothermaliy alicred andesites are in contact with
sedimentary deposits, the efficiency of the magnetic
survey is much diminished.

In most cases, the and/or auro-
argentiferous hydrothermal mineralizations in the
Metalifert Mts have been accompanted by a potas-
si¢ metasomatosts which facilitated a correlation of
the gamma-ray spectrometric anomalies of the potas-
siuin radiation or of the K/U and K/Th anonialies
with mineralized fractures or stocks. The aspects re-

magnetically.

base-metal

vealed n the Bocga=Sdcirnmb zone emphasize the ef-
ficiency of the IK/U and K/Th ratio images in areas
with andesitic rocks with a lngh biotite content, the
map with the potassiuin cormpouent cumulating the ef-
fect of the primary minerals (biotite) with that of the
neoformation minerals (sericite, illite). More seldom,
the metallogene products were not accompanied by a
potassic metasomatosis, silicification representing the
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Fig.
magnetic and gamma-ray spectrometric data.

3 - Structural and metallogenetic sketch-map of the Piriul lui Avram zone inferred from AT

Neogene volcanics: 1, biotite+hornblende quartz andesites; Carpathian: 2, Almagu Mare gravels com-
plex; 3, geological boundary; 4, vein fracture; 5, hydrothermal alteration halo inferred from AT magnetic:
data: a, moderate; b, intense; 6, fractures with metallogenetic functions inferred from AT magnetic data;
7, lineaments of X /Th minimum inferred from gamma-ray spectrometric data; 8, fractures deduced from

AT magnetic data.

predominant alteration type; in such cases the K, K/U
or K/Th maximum anomalies no longer emphasize the
vein fracture, minima of these lnages, related to the
metallogene products, could be thus observed.

The examples presented in this paper pointed out
quite different situations in areas situated at several

kilometres one from another, the efficiency of these
two methods being unequal, due to the specific geolog-
ical and petrophysical conditions. Taking into account
the complementary character of the information sup-
plied by the magnetic and gamma-ray spectrometric
researches, their conjugated use is compulsory in the
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METODE BIOGEOFIZICE DE IDENTIFICARE A MINERALIZATIILOR
POLIMETALICE SI A GENERATIILOR DE FALII, APLICATE IN ZONELE
ZEBRAC-MERMEZEU (MUNTII CALIMANI DE SUD) ST JOLOTCA
(MASIVUL ALCALIN DE LA DITRAU)

Lucian IONESCU, Laszié ZOLYA
LLP.E.G. - Harghita, Str. Gh. Doja 6, 4100 Miercurea Ciuc.

Key words: Geophysical methods. Gravity surveys. Flectrical

surveys. Geochemical methods. East Carpathians.

Magnetic surveys.

Abstract: Biogeophysical Methods for the Identificalion of the Basc-Metal Mineraliza-
fiors and of the Fuults Gencrations in the Zebrac-Mermezeu (South Cdlimani Mountains)
and Jolotca (Ditrdu Alkaline Massif) Zones. These biogeophysical methods (dowsing)

have been used in areas with a different geological structure. [n the Zebrac-Mermezeu
zone, characterized by a Tertiary andesitic structure affected by hydrothermal alterations,
the biogeophyvsical method clearly revealed the mineralized and hydrothermally altered
zones. The biogeophysical anomalies can be correlated with the geological boundaries as
well as with the geophysical and geochemical anomalies. In the Jolotca zone, constituted
of Jurassic hornblendites, diorites and syenites, the biogeophysical method (dowsing)
evidenced several fractures of different age.

~Cercetéirile actuale privind identificarca si inter-
pretarca unor scimnale de naturd biogeofizica relau, pe
o bazd stiintificd, practici traditionale milenare. Bio-
geofizicieni din C. S. 1., Franta, S. U. A. au dovedit
existenta oblectivad a acestor semnale gi marea lor uti-

Cel doi autori recepieazi o serie de semnale bioge-
ofizice in mod diferit, 1ar altele in mod 1dentic.

«. Astfel, la primul dintre autori, semnalul bioge-
ofizic, pc baza cdruia s-au obtinut anomalille bioge-
ofizice, se manifest prin ridicarea gt coborirca alterna-
tiva a baghetel 1n timpul parcurgerii unuil anumit pro-
fil. Lungimea intervalelor succesive, in care bagheta
se ridicd sau coboard, prezintit tendinte de crestere
sau micgorare treptatd g1 constautad a semnalului. Pe
acesle semnale s-au suprapus si altele, de exemplu cele
cauzate de falii g1 galerii. Pentru a aprecia lungimea in-
tervalelor am folosit pasul, care 1 unele conditi poate

litate in cercetarea geologici.

Iniierca autorilor lucrdrii in acest domeniu a fost
fAcuta de loan Seghedi de la Institutul de Geologie si
Geofizica din Bucuresti, caruia it mulfumim pe aceasta
cale.

Avind 1 vedere rezultateie deosebite obtinute cu
ajutorui metodelor biogeofizice descrise n aceastd lu-
crare, considerdm utild prezentarea lor. In literatura
de specialitate studiati pma in prezent nu am gasit
descrise aceste metode.

deveni o unitate de misura desinl de exactd. Apostol
(1976) a constatat "un automatism al ritmului respira-
tor g1 frecventa pasilor” w timpul parcurgeriv profilului

de catre operator.
Prezentarca metodelor de cercetare

biogeofizica Acest semnal prezintd un caracter sinusoidal, cu

punctul zero cmd bagheta are pozigie orizontala, si-

Identificarea anomalitlor biogeofizice pe o suprafata
de circa 6 km® din zona structurii cruptive Zebrac-
Mermezeu s-a efectuat prin aproximativ 50 kn de pro-
file pe V&l creste g1 poteci, parcurse cel putin o singura
datd. In zona cercetat au raruas mic areale nsuficient
acoperite. Instrumentul radiestezic folosit pentru sem-
nalarea anomaliilor biogeofizice a fost o baghetd ungin-
ulard confectionati dintr-o ramura de artar.

nusul pozitiv - eind bhagheta este ridicatil - gi sinnsul
negativ - cind hagheta este coboriti.

Primele observatii biogrofizice an evidentiat valon
mict sau otle ale semmalelor un afara structuril erup-
tive Zebrae-Mermezeu, i general pind la 50 past. Pe
masura MLTaril 1 zona striucturil, aceste valorl eresc
foarte vepede, ajungmd la 100 pasi. 200 pasi 31, rar,

mat mart - intre 250- 300 past. Harta anomaiilor bio-
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geofizice a rezultat prin interpolarea zonelor cu aceeasi
valoare (in pasi) a semnalelor, in valoare absolutd, deci
indiferent daci ele sint pozitive sau negative.

Am constatat cd seminalele mai lungi sint mai puter-
nice. In acest caz bagheta trebuie blocati cu degetele
pentru a nu se pierde controlul asupra ei. Trecerea de
la 0 tendintd de ridicare la aceea de coborire sau invers,
se face repede. Un profil reluat de mai multe ori in de-
cursul aceleiasi zile a prezentat o configuratie identicd
a succesiunii semnalelor pozitive si negative; lungimea
lor, precum sgi localizarea limitei dintre ele ramin
neschimbate, cu conditia ca starea timpului s& nu se
modifice esential. Dacd masuritoarea este intrerupti,
dar se reia din acelagi punct, datele inregistrate au con-
tinuitate. In timpul ploilor torentiale valoarea sem-
nalelor este diminuatd, dar zdpada nu le afecteaza.
Frigul si oboseala operatorului pot denatura semnalele
biogeofizice.

Pot fi facute unele comparatii intre metoda descrisa
de Matveev (1967) si cea folositd de noi: Matveev
foloseste cadre metalice care se rotesc in sens pozi-
tiv, corespunzind unei ridicdri a baghetel noastre de
lemn, sau se rotesc In sens negativ, corespunzind unei
coboriri a baghetei. Matveev a intrebuintat cadre
din metale diferite cu care a obtinut semnale diferite,
lar nol am lutrebuintat baghete din lemn de diferite
esente, cu care am obtinut, practic, rezultate identice.
Matveev a determinat intensitatea semnalelor bioge-
ofizice prin raportarea numarului de rotiri (insumat
algebric) pe o distanti constantd, misuratd pe teren
(de exemplu 5 m sau 20 m), iar noi - prin mdsurarea
lungimii pe care bagheta prezintd aceeasi tendintd
de ridicare sau coborire. In aceastd privintd metoda
noastrd este mult mai operativa, deoarece nu necesita
jalonarea profilelor.

Semnalele biogeofizice generate de faliile verticale,
in momentul traversirii lor, prezintd o configuratie
specifica si simetricd (Apostol et al., 1972). Simetria
scade pe masura ce faliile trec de la pozitia verticald la
cea orizontald. Prin mdsurarea asimetriei celor doud
flancuri se poate preciza sensul inclinarii falillor si se
poate estima unghiul inclinarii. Centrul de simetrie
al acestor semnale se suprapune pe axul faliillor. De-
terminarea directiel acestora se realizeazi fie prin in-
tersectarea lor in cel putin doud puncte, fie prin de-
plasarea pe directie, urmarindu-se incadrarea perma-
nentd pe semnalul de minim sau maxim (in functie de
operator) existent in centrul de simetrie al semnalului
biogeofizic. Daci in timpul deplasarii in lungul faliei,
pe axul de simetrie al semnalului se intercepteazi un
alt semnal de falie, inseamni ca falia urmaritd este in-
tersectatd de cdtre o falie mai tindra. Prin deplasarea
in lungul unei falii mai tinere nu vor fi sesizate semnale
provocate de intersectia cu falil mai vecli.

b. La al doilea autor, semnalele biogeofizice
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marcheazi cu exactitate limitele dintre diferitele tipuri
petrografice, prin ridicarea sau coborirea baghetei. In
cadrul aceluiagi petrotip, bagheta Isi pastreaza pozitia.
In cazul mineralizatiilor apropiate de suprafatd, sem-
nalul biogeofizic este foarte intens.

c. Ambii autori recepteazd semnale biogeofizice
provocate de golurile subterane si de galerii, care se
manifestd prin coborirea baghetel deasupra acestora.

Compararea rezultatelor metodei biogeofizice
de identificare a zonelor mineralizate cu datele
prospectiunilor geologice, geofizice si
geochimice din zona Zebrac-Mermezeu
(muntii Cilimani de Sud)

.

1. Prospecfiunea geologicd

Regiunea bazinelor superioare ale viilor Zebrac
si Mermezeu prezintd o structurd geologicd compli-
catd, determinatd de participarea formatiunilor se-
dimentare miocene gi a celor eruptive pannoniene
(Balla, 1980, 1981, date nepubl.). Structura erup-
tivi Zebrac-Mermezeu are o alcdatuire complexd, ca
urmare a edificarii ei in mai multe momente de activi-
tate magmaticd. Manifestari postvulcanice au condus
la intense transformiri hidrotermaletmineralizare.
Mineralizatia prezintd un caracter filonian aurifer sau
diseminat plunibo-zincifer.

In afara structurii eruptive Zebrac-Mermezeu, sem-
nalele biogeofizice nu apar sau au o valoare foarte
redusd. Pe structura eruptivid semnalele cresc pind
spre 300 pasi (fig. 1). Se pot contura citeva
zone anomale biogeofizice: Dealul Ursului, izvoarele
piriurilor Paltinig, Mermezeu si Popii. Toate aceste
zone au {ost anterior cercetate cu foraje si galerii
scurte, dar dintre ele se detageazd Dealul Ursului, cu
valori de peste 250 pagl, zond In care sint concentrate
majoritatea lucrédrilor miniere. Zonele enumerate sint
caracterizate de intense transformari hidroterimale, in
special argilizéri (fig. 2).

In Virful Ursului apare o zond moderat anomala bio-
geofizic, inconjuratd de o centurd de maxime intense
(fig. 1). Acestd situatie este identici cu aceea de-
scrisd de Balla (1981, date nepubl.), in care andezitele
slab transformate din Virful Ursului, reprezentind pro-
babil o ultimd erupiie, sint inconjurate de o centura
cu argilizar intense. Pe piriul Zebrac, in amonte
de confluenta cu Piriul Ursului, apare o anomalié
biogeofizica intensi, orientatd nord-sud, reprezentind
un fragment din centura amintitd anterior. Ea este
cauzatd de un filon care a fost identificat la suprafat3,
in talvegul pirfului gi in subteran. Tiloanele mi-
neralizate din Dealul Ursului sint instalate pe falii
g1, de asemenea, se considerd cad zonele afectate
hidrotermal+tmineralizaie, peste care se suprapun
anomaliile biogeofizice de pe piriurile P#ltinig, Mer-
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mezeu si Popii, sint datorate circulatiei hidrotermale
in lungul unor falii.
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Fig. 1
Mermezeu.
1, 201-300 pasi; 2, 101-200 payi: 3, 1-100 pasi; 4, semnal nul;
5, zone neacoperite.

Harta anomaliilor biogeofizice din zona Zebrac-
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Fig. 2 — Harta geologici a zonei Zebrac-Mermezeu (dupd Balla
in Brotea et al., 1985, date nepubl., cu simplificiri).

1, piroclastite; 2, andezite de T&uley; 3, structura eruptivd
Zebrac-Mermezeu; 4, fundamentul sedimentar; 5-6, trans-
formari hidrotermale: 5, argilizdri; 6, propilitizari.

In cadrul structurii eruptive, se remarcid patru zone
de minim biogeofizic. Doud dintre acestea (prima in
malul drept, amonte de piriul Bitcii si, cea de-a doua,
la nord de virful Piltinigoara) corespund aparitiei la zi
a depozitelor sedimentare miocene. Pentru zonele fird
semnal biogeofizic de pe piriul Popii gi piriul Paltinig
trebuie gisite alte explicatii (vezi prospectiunea elec-
trometricd).

2. Prospecfiunea gravimetricd

Harta anomaliilor gravimetrice Bouguer (fig. 3), cu
izolinii care converg spre centrul structurii eruptive,
reflectda contrastul de masi diutre andezitele acestui
corp si formatiunile inconjuratoare (loane in Brotea et
al., 1985, date nepubl), {ard a avea o legdturd directd
cu anomaliile biogeofizice. ‘

0 200 400m
e

Fig. 3 - Harta anomaliilor gravimetrice din zona Zebrac-
Mermezeu (dupd loane in Brotea et al., 1985, date nepubl.,
cu simplificari).

1, anomalia gravimetrici Bouguer: 1, izolinii gravimetrice;
2-5, anomalii gravimetrice reziduale: 2, 3, 4, 5, izozone gravi-
metrice.

Harta anomaliilor gravimetrice reziduale (fig. 3)
contureazi intruziunile corpurilor microdioritice prin
anomaliile locale de maxim, iar zonele transformate
hidrotermal sau cele scufundate tectonic (piriul Bitcii)
prin cele de minim. Corelatiile care se pot face cu
anomaliile biogeofizice constau in valorile generale de
maxim ale celor doud masuratori in zona structurii
eruptive Zebrac-Mermezeu, precum gi in dispunerea
asemanatoare a acestor anomalil.
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3. Prospectiunea radiometrica culoar de minins electric (fig. 5).

Dest maximele radiometrice (Onescu in Brotea et
al., 1985, date nepubl.) se suprapun peste formatiunile
sedimentare, la’ rindul lor caracterizate de minime bio-
geofizice, In cadrul structurii eruptive nu se poate face
nici o corelatie intre cele doud tipurt de anomalii.

0 200 400m
——r

4. Prospectiunea maguetometrici \ <

Anomaliile magnctometrice de minim (fig. 4) din o
. . . . I =
zona Dealul Ursului, amonte pe piriurile Paltinis, Mer- !

mezeu, Popii st Bitetl (Onescu in Brotea et al., 1985), \
reflectind intensitatea transformdrilor hidrotermale. se
coreleazd foarte bine cu anomaliile biogeofizice exis-
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N
i Fig. 5 larta anomaliilor geoelectrice din zona Zebrac-
Mermezen (dup& Ruosu in Brotea et al., 1985, cu simplificiri).

Perimetrul nordic, Ursu-P’3ltinis: -4, izozone geoelectrice,

’\ W Deritin:

;\ metoda polarizabilititii in domeniul timp, ma(msec): 1, peste
‘( 205 2, 15-20; 3, 10-15; 4, sub 10. Perimetral sudic, Taulet: 1-
D 4, izozone geoelectrice, metoda polarizatiet induse, M(mv/v):

. peste 80; 2, 60--80; 3, 40-60; 4, sub 40.

Anomaliile de maxim geoelectric apar m zona Dealul
Ursulul, amonte pe pirtul Paltinig, pe pirul Mermerzen
st mai slab pe piriurile Popii gi Biteii. Dispunerea aces-
tora reflectd o corelatie bund intre anomaliile electro-
metrice i cele biogeofizice

6. Prospectiunca litogeochimica
Fig. 4 - Harta anomaliilor magnetometrice din zona Zebri
Mermezeu (dupd Onescu in Brotea ot al., 19385, cu ~im-
plificari).
1-4, izozone magnetometrice (A T): 1, sub 300 ~: 2, 0-300
3, 0-500 ~; 4, peste 500 ~.

fn zona Dealul Ursului se observd  dispunereca
anomalitlor  litogeochimice selectiv cumulative sub
forma unel centuri de maxin i jurul unei zone cen-
trale de minim {fig. 6) (Balla. 1981, date nepubl.).
Un aspect identie prezinti si anomaliile biogeofizice.
Dupd opimta Ini Balla (1981, date uepubl.), valorile lui

5. Prospectiunea clectrometrica A mat mart de 800 ppm st datorate unor filoane mi-
neralizate.

O situatie interesantd, care ar putea l&muri o pro- Alte zone de maxiny litogeochimic, care se coreleaz
blemd pusa anterior. se referd la cele doud zone de  cu cele biogeofizice, st amonte pe pinurile Paltinig
nul biogeofizic carc apar pe structura evaptiva, unw pe s Biteii. Desi m unele zone mai apar diferente intre
pitiul Paltinig g1 a doua pe Pl Popii. Compirnmd  datele celor doud metode de prospectiune, datorate
cu datele prospectinmit clectrometrice (Rusn i Brotea  culegerii nesistematice a probelor sau nereprezenta-
et al.. 1985) se constalii ¢ acestea se inserin mb-un UVitA(IL acestora, se poate aprecia ¢l oxistd o corelatie
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bund a anomaliilor litogeochinice si biogeolizice.

~
ST~ -7
$ vf. P& finrsoara
LSS A

Fig. 6 - Harta anomaliilor litogeochimice din zona Zebrac-
Mermezeu (dupd Balla, 19530, 1981, cu simplificisi).

1-4, anomalii litogeochimice selectiv-cumulative, in ppm (A =
100 Ag+As+B+100 Bi+Cu+Mo+Pb+10 Sn): 1, A = peste
T00; 2, A = 400-700: 3, A = 100-400; 4. A = sul, 100.

Generalii de falii identificate cu ajuterul melodet
biogeofizice tn zona Jolotca (Masivul alcalin de la

Ditriu)

Zona Jolotca este situatd in partea de NNV a ma-
sivului alcalin de la Ditrdu si cuprinde cea mai mare
parte a ariel de aflorare a rocilor ultrabazice si bazicc.

Primele observatii biogeofizice le-am efectuat acolo
unde a fost posibila verificarca lor in aflorimente sau
Folosind metoda detectiri falillor
prezentatd anterior, am putut locahza f{racturile, pre-
cizind direcfia, sensul inchindri g1 succesiunea i timp a

m lucrari miniere.

acestora. Prin localizarea exactd a semmalelor pe hartd
sau chiar pe teren, am reusit si determindm sensul
gt amplitudinea decrogérilor. Falille din zona Jolotea
apartin cel putin la la patru generatii (fig. 7).

Existd un sistem de falii orientat NV-SE, avind
mehinari diferite. Relatiile lor cu celelalte sisteme neit
n-au fost. verificate. Acestea st mai vecht deait faliile
cu directia N-S, care le intersecteazii, Acestul sistern
NV-SE 11 apartin falitle de pe pinmurile Filip s1 Gudu
(m amonfe).

Urmeazi o generatic mal unoudt reprezentatii prin
falia situatd i hangul prionulun aftuent sting al prnului
Teasc. Falia are direc(ia NNEF-SSV s mlinare spre

NNV.

Faliile apartinind generatiei a treia au directia
aproximativi N-S g1 caderi estice. Acestui sistem
apartin falia de pe piriul Simo, faliile Teasc T, T,
Ta, Tg, partea sudici a faliei Filip, faliile de pe
pirturile Tarnita de Sus, Tarnita de Jos, Pietririel de
Sus, Pietrdariet de Jos. Aceste falii sint foarte impor-
tante deoarece cle controleazi dispunerea spatiald a
mineralizatilor de la Jolotca g1 influenteazi cvolutia
geomorfologiel din zond.

C_h \':f_‘\i/\\:\:‘:/;/i i
" Nk e

RN A O I

\\ ) N ":",

\Y < \

A
/0

T

N

| T

LA
'(“‘,‘o\

‘-l,"\

F]/a‘

N

FENES

P30
31 \
N ‘;\

RIpZ
/3
Il A
R Pl

g, 7
I, gisturi cristaline; 2, hornblendite si diorite; 3, sienite s mon-

5. depozite vulcano-sedimentare;

Generatil de fahi detectate biogeofizic in zona Jolotca.

zonite; 4, sienite nefelinice;
6, generatit de falii.

Faliile din generaiia a patra reprezintd cel mai tinar
sistem detectat pina acum. Au direc{ia aproximativa
E-V siinclindri nordice. Ele descrogeazi compartimen-
tul sudic al falitlor din generatia a treia spre vest cu
circa 20--30 m. Cu toate ca si falia mare de pe pirul
Jolotca arce directia E-V, nu avern suficiente dale ca s-o
mecadram i acest sistem. Ba decrogeazd puternic spre
vest compartimentul sudic!

Pe bhugi aceste sisteme de falii au fost identifi-
cate i multe fracturt de sprijin care au lungini si
mmportanta imai redusa.

L stadiul actual de cuncastere nu ne putem
pronida cu certitudine asupra virstei fiecirui sistem
de falit g1 nict asupra aparteneutei lor la anumite faze
orogenetice. Putem insd sustine ¢a majoritatea {aliilor
prezentate se continufl, intersectind g1 rocile cristaline
din jur (seruile de Rebea st Tulghes), deci nu sint pro-
prii masivulul. Acestea sint generate de faze tectonice
post-jurasice. dupd intruziunea masivului alcalin de la
Ditrdaa. Mar mult, unele sisteme sint foarte tinere, de
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exemplu faliile din generatia a treia si a patra, care
deranjeaza formatiunile vulcano-sedimentare neogene,
deci par a fi postneogene.

Concluzii

Metodele prezentate le-am aplicat ulterior si In
studierea altor zone, in conditii geologice foarte
diferite. Rezultatele obtinute au confirmat caracterul
de sintezd al metodei biogeofizice, reflectind concomi-
tent structura geologica, anomalii geofizice si geochiin-
ice. Majoritatea cercetarilor noastre au fost axate
pe identificarea semnalelor biogeofizice, care apar in
zonele mineralizate cunoscute, gi pe verificarca ex-
tinderii acestora In zonele limitrofe aflate in curs de
cercetare sau necunoscute. De fiecare dati am efec-
tuat cercetdrile {ara a fi studiat in prealabil geologia
perimetrului respectiv. Compararea rezultatelor s-a
facut dupa terminarca masuratorilor biogeofizice.

Semnalele biogeofizice ale autorilor acestel lucréri
sint, In mare parte, deosebite, dar ele se completeaza
reciproc §i pe baza interpretarii lor pot fi rezolvate
urmatoarele probleme:

— identificarea g1 determinarea cu precizie a contu-
rului, directiei gi inclindrilor structurilor mineralizate;

- identificarea limitelor dintre diferite tipuri petro-
grafice;

- Identificarea si determinarea directiei, sensului de
inclinare, succesiunii in timp a faliilor;

—1dentificarea gi conturarea galeriilor recente gi vechi
sau a golurilor subterane.
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Daca in momentul de fati aceastd metoda nu este
incd suficient de riguros pusa la punct pentru a putea
plasa o lucrare minierd numai pe baza informatiilor.
biogeofizice, reiese clar rolul el in evitarea localizdrii
gresite a acestora. Nol nu cunoagtem toate cauzele
geologice care pot genera anomalil biogeofizice, dar
sustinem cd nu poate exista o mineralizatie metalica
lipsita de o anomalie de acest gen.

Avind in vedere dotarca telinicd necesard foarte
modesta, cheltuielile minime, operativitatea deosebiti,
precum si caracterul foarte complex al observatiilor
biogeofizice, rezultd marea eficientd a acestei metode
de cercetare.
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POSSIBILITIES OF DETERMINING THE INFLUENCE OF THE
PROSPECTING ARRAYS ON INDUCED POLARIZATION ANOMALIES
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Abstract: The simulation of the induced polarization anomalies is often necessary for the
geoelectrical prospectings. The present paper is an attempt to illustrate the possibilities
of IP anomalies simulation using physical modelling. The results obtained on two types
of three-dimensional models - inclined homogeneous plate and vertical unhomogeneous
eylinder — by means of longitudinal gradient arrays and electrical sounding are presented,
too. ’

Introduction

For modelling simulation of the resistivity and in-
duced polarization anomalies several methods can be
used such as: numerical or analytical modelling and
physical modelling. -

Physical modelling of the geoelectrical anomalies,
also known as scale modelling, have been dealt with
by several researchers in two variants: resistivity two-
dimensional modelling on conducting paper (Aiken et
al., 1973; Avdevici et al., 1978) and vat modelling,
(Aiken et al., 1973; Hallof, 1961-1971; Komarov, 1969;
Vesev, 1965).

Following the Romanian tradition of physical mod-
elling (Stoica et al., 1972, unpubl. data; Georgescu
et al., 1974) the present paper is au attempt to illus-
trate the possibility of envicing the dependence of the
elements specific to a IP anomaly corresponding to a
geological object, on the type and dimensions of the
prospecting array using the vat scale modelling.

Although the previous papers dealt with diverse
cases, they generally discussed profile anomalies.
Hallof (7) presented images of IP anomalies in ver-
tical section but only for the dipole-dipole array, and
Scupin et al. (1976) achieved, by simulation on a re-
duced model, geoelectrical sections of resistivity and
polarizability with a Wenner array.

This paper presents the results of the IP anoma-
lies simulation by vat physical modelling on two model
types: inclined plate and vertical cylinder. The results
are presented as maps and vertical sections of apparent
polarizability.

Results obtamed

The laboratory tests have been effectuated on mod-
els with volume polarization only.

The -induced potential measured by a time domain
technique corresponds to a reference time of 0.91 sec
after the current pulse interruption and to an integra-
tion interval of 0.52 sec.

The parameter of polarizability M,s3, represents
thousandths of the potential induced from the primary
potential. It has been recorded using a Scintrex IPR-8
receiver and is expressed as mV/V.

It is thought that the method used ensures a gocd
accuracy. Figure 1 presents a comparison between a
vat physical modelling and a computer 2-D modelling.
The simulation of the IP model by physical modelling
was elfectuated on a 3-D model, the square plate size
being 15 u and 2 u thick (1 u = 1 cm).

The profiles presented represent the variation of the
apparent polarizability recorded by a longitudinal gra-
dient array (AB = 60 u, MN = 2 u) perpendicular to
the elongation trend of the plate.

Between the obtained profiles, as for their shape and
position of the maxima and minima, a good correlation
i1s to be noticed. The differences of intensity of the
anomalies are due to the finite length of the model in
the physical modelling and to the different depth at
the top of the bodies.

The contrasts of the -electrical properties between
the model and the environment for both modellings
{physical and theoretical) were, as follows:
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For the same model (3-D) vat recordings with the
gradient array have been carried out further on by us-
ing a measuring lay-out with the size equal to the mid-
length of the AB line.
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Fig. 1 — Profiles of apparent polarization, longitudinal gra-
dient array AB = 60 u, MN = 2u: a, theorctical modelling
2-Dj; b, physical modelling; 3-D, central profile; strike ex-
tension of the model is 15 u.

Figures 2a and 2b present polarizability maps for an
approximately central position of the body, iu cases in
which the polarizing field 1s perpendicular to the elon-
gation direction of the body and parallel to it, respec-
tively. It 1s ol note that the elongation of the anomaly
perpendicular to the AB line 1s first of all the result of
the direction of the polarizing field (Fig. 2b).

The maximum of the positive values is superposed
to the body, that is to the portion near the surface,
whereas the IP minima highlight the marginal parts of
the body, situated on the AB line.

The anomaly morphology suggests the body shape
only in the first case, where the array is perpendicular
to the body elongation.

A special case is presented in Figure 2¢, i which the
same disturbing body is situated in the contact zone

M. JOSAN et al

of two mecasuring panels and the elongation direction
of the body forins an angle of ca 45° with the AB .
directions of cach panel. The influence of the AB line
manifests by the outlining of a regional anomaly (M—4
mV/V) extended along a strike perpendicular to the
AB line. Although the total volumne of the body is
cqually distributed to the two panels, the maxima on
each panel show different strikes and intensities.

Without averaging the values on the tie-profile, the
two anomalies show only a part of the real situation,
namely in the southern panel (M = 22 mV/V) ouly,
where two thirds of the upper part of the body occur
and where the body is closer to the AB emission line.
On the northern panel the top of the body (aboul one
third), situated farther from the AB line, generates an
anomaly about 30 per cent reduced (M = 14 mV/V),
striking strictly perpendicular to the direction of the
polarizing field AB. For both plates the minima with
negative 1P values point out the edges of the body
parallel to the AR Jine. If we use the averaging method
at the limit between the panels, quite frequently used
in practice, only the apex of the anomaly with values
of 1422 mV/V occurs above the body, namely in the
area close to the surface.

The polérizabilily cross-section obtained with a
Schlumberger array is shown in [Figure 3.  The
anomaly obtained presents a specific shape of this ar-
ray which cousists in the outlining of a central maxi-
mum, strongly clongated on the vertical and two rnax-
ima of a lower intensity extended laterally. The central
maximuin is located sprictly at the top of the body,
whercas the lateral branches overpass the body. The
results of the carried out modellings, in case of other
models too, showed the same characteristic shape of
the 1P anomaly, for the Sclflumberger—type array, re-
gardless of the shape of the modelled body.

The shape of the IP anomaly, in case of the same
model, recorded with the axial dipole array {(x = | u)
is characteristic of this technique (Fig. 4). The twe
maxtina svmmetrically situaled as against the top of
the body show different intensitics. The higher nten-
sity of the western maxinmum points out the dipping of
the body m this direction. The position of the body is
well determiined i case of the axial dipole array ouly
for the anomalous values recorded at the levels 1-3.

Further on a second model is deseribed for which
recordings with the gradient and Schluwmberger array
The model con-
sists of two mediums with volunie polarizarion and it

have been eflectuated i the basin.

simitlates a nmineralized subvolcanic body of porphyry
copper type {(Igs. 5, 6). The two coaxial cylinders, at
about I u from the surface, sumulate the central part
of a volcano, less mineralized (M = 40 nisV/V) and the
“internal” and Texternal” zones where the accumula-
tions of metallic sulphides are maximum (M = [60
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mV/V). The IP contrasts were established on the basis
of the petrophysical analyses effectuated on rock sam-
ples from the Zlatna-Stinija zone, at the surface, from
boreholes and mine workings.

Interesting data were obtained with the longitudi-
nal gradient array (AB = 24 u, MN = lu), the body
occurring on several work panels (Fig. 5). From ob-
jective reasons the recordings were interrupted before
studying the whole area of interest. The image of the
IP anomaly can be however completed by symmetry.
Thus, a regional anomaly is outlined, marking the lim-
its of the body, which presents two maxima elongated
perpendicular to the profiles. The values of the ap-
parent polarizability in the contact zone of the work
panels are different.

The recordings carried out on somie profiles in the
lateral panels point to anomalous values of a lower in-
tensity, at relative great distances from the body.

In case of the Schlumberger array the anomalous im-
age presented in Figure 6 was obtained. The section of
apparent polarizability was recorded on a profile which
contains the center of the body.

The maximum anomaly connected with the body
presents a particular shape, constituted of two
branches, elongated vertically, corresponding to the ex-
ternal cylinder with a higher proper polarizability. The
fusion tendency of the two anomalies toward the up-
per part of the section and the outlining of two ”false”
lateral anomalies can be noticed.

Conclusions

The simulation of the IP anomalies on the two 3-D
models presented in this paper offers interesting data
which draw the attention on the possibilities of uti-
lizing the physical modellings both in the elaboration
phase of the field electrometric measurements and in
the interpretation stage of the results.

It is of note that the apex of the IP anomalies, gen-
erated by simple and homogeneous inclined bodies, 1s
situated in the zone corresponding to the body section
closer to the surface. The observation can be gener-
alized to all the arrays with which the square plate
model - longitudinal gradient, VES and axial dipole -
has been studied with the specification that as to the
axial dipole array we refer only to the upper levels at
which the anomaly appears (Figs. 2a, 3 and 4).

The study of the anomalies obtained on the inclined
plate model, in case of the gradient and VES Schlum-
berger arrays points out a possible valuation of the IP
minima. They emphasize the body extremes parallel
to the AB line. A detail study shows that these IP
maxima make possible an estimation of the dipping
trend of the body, the minimum of the highest inten-
sity marking the footwall zone of the body (Figs. 2c
and 3).

The modellings effectuated for the same model (in-
clined square plate) by measurements with gradient
array, in panels corresponding to a certain trend of the
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array versus the body elongation, show that in order
to establish the position and shape of the polarizing
bodies it is necessary to effectuate measurements in
the same area of a single panel with several trends of
the measuring array (Figs. 2a, 2b, 2¢). A first study of
the polarizability anomalous image, obtained for a dis-
position of the array parallel to the elongation trend
of the body, does not suggest any real shape of the
polarizing body (Fig. 2b).

For the unhomogeneous body modelled by the
two vertical coaxial cylinders, the regional anomaly
recorded with the gradient array is circumscribed to
the surface projection of the body. An interesting re-
sult is represented by the two maxima elongated per-
pendicular to the measurement profiles (Fig. 5). They
are generated by the éxterior cylinder with a higher
proper polarization.

The vertical section of apparent polarizability
recorded for this particular model (nonhomogeneous
body) is quite suggestive in order to estimate the po-
sition and shape of the body on the basis of the study
of the anomalous image (Fig. 6).

A significant conclusion is drawn up for the anoma-
les simulated with the VES Schlumberger array; the
vertical elongation of the IP maxima is rather a charac-
teristic of the measuring array without any connection
with the shape of the bodies (Figs. 3 and 6). _

The coincidence noticed in case of the unhomoge-
neous cylinder model is due to its verticality (Fig. 6).

It is also of note that the gradient and VES Schlum-
berger recorded, in the lateral areas of the bodies,
anomalies of a lower intensity — false anomalies — as
a result of the appearance of a further polarization in
cases in which one of the A or B current electrodes are
situated nearby the polarizing bodies (Figs. 5 and 6).
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GRAVITY EFFECT OF THE NORTH bOBROGEA LOESS; TEMPLATES

FOR ITS QUICK EVALUATION
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Abstract: The limits within which vary the elements (depth, shape and dimnensions)
which define the loess accuinulations in North Dobrogea as sources of gravity anoma-
lies have been determined using information obtained by drillings and vertical electrical
soundings. On these bases, geometrical bidimensional models have been elaborated and
their gravity effects computed. Finally, templates which connect the defining elements of
the sources with those of the corresponding gravity anomalies have been elaborated. The
templates may be used in the direct aud quick interpretation of the anomalies caused by
paleovalleys filled up with loess, a very important step in the complex interpretation of

the geophysical anomalies in the North Dobrogea.

Most of the North Dobrogea territory is overlain by
loess. The intense geophysical activity carried out in
this area in recent years brought into discussion the
problem of the disturbing influence induced in almost
all geophysical fields by the variation of thickness of the
loess accumulations. In particular, this influence on
the gravity field is obvious in all very detailed gravity
or microgravity maps of Somova-Tulcea (Ciuta, 1978,
1979; Proca, 1980; Maxim, 1981, 1982; Boboc, 1983,
unpubl. reports), Tulia (Ciuta, 1973; 1974, 1978, 1979;
loane, 1975, 1976; Proca, 1980; Maxin, 1981, unpubl.
reports) or Turcoaia (Boboc, 1982, unpubl. report)
zones.

In fact, the gravity effect of the loess accumulation
represents a particular case of the influence of the shal-
low geological structure which disturbs the geophys-
ical signals that come from deeper zones (Botezatu,
1987). Besides the loess accumulations such a dis-
turbing zone may consist of: laterite accumulations in
certain African areas, ice {rom the permafrost regions,
sand and dunes in the deserts, lava flows overlying sed-
umentary formations etc.

For a correct estimation of the gravity effect several
key parameters defining the source have to be known
(Romberg, 1958): density contrast, volume, depth,
shape and isolation degree. On the other hiand, based
on the known gravity anomaly and on some of the
key parameters, the unknown parameters may be de-
termined, a common process in the physico-geological
interpretation of the anomalies.

The present paper is an attempt to elucidate these
problems; based on the general features of the sources
(depressions filled up with loess) geometrical models
have been elaborated and their gravity effect has been
computed; finally, templates which connect the defin-
ing elements of the sources with the corresponding
gravity anomalies have been elaborated.

Considering the physical properties, the loess con-
trasts with the overlying rocks as regards density, inag-
netic susceptibility, seismic wave propagation velocity
etc.

Loess density is quite low; the average of recent di-
rect determinations is 1.77 g/cm?®; therefore, there is
a strong negative density contrast versus any under-
lying formation. The value of the contrast varies ac-
cording to the petrographic constitution of the base-
ment. whose density ranges from more than 2.80 g/cm?®
(Precambrian amphibolites, Jurassic dolomites) to less
than 2.30 g¢/cm® (Turonian sandstones in the Babadag
Basin).

In order to determine the shape, depth and ex-
tension of the depressions filled up with loess nu-
merous vertical electrical soundings have been car-
ried out in the study area (Balint, 1983; Rosca,
1984, 1985, unpubl. reports). Using the in-
formation obtained by vertical soundings and by
drillings, maps with the thickness variation of the
loess accumulations have been claborated.  After
correlation with Bouguer gravity the loess isohypse
map was produced (Proca, 1985, unpubl. report).
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Fig. 1 - Gravity effect of a square bidimensional depression filled up with loess.
A, variation of the anomaly shape; B, variation of the maximum effect as a function of the

depression side.

It has a high certainty degree as it incorporates data
obtained by three entirely different investigation meth-
ods (electrometric, gravimetric, drilling).

This map shows that loess fills up depressions of a
relief which existed at the time of its deposition. The
paleodepressions have the shape of paleovalleys which
quite often follow closely the courses of the present-day
valleys; they have tributaries and most of them trend
and deepen towards the present course of the Danube.

It is of note that these paleovalleys are bidimensional:
length reaches several kilometers or tens of kilometers,
width rarely exceeds 1-2 km and depth varies between
100 m and 160-180 m. The cross-section of these pa-
leovalleys filled up with loess may be represented ge-
ometrically by a square, rectangle, trapezium or even
triangle.

To study the gravity influence of such paleovalleys,
the gravity effect of several bidimensional geometrical
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A, variation of the anomaly shape; B, variation of the maximum cffect as a function of the

depression width.

models has been computed, observing the changes of
different anomaly elements (shape, extension, ampli-
tude, sharpness) as a result of the modifications of the
model parameters (shape, depth, width). The density
contrast was kept constant and equal to 1.00 g/ecm?. |

The calculations have been carried out by means of
Talwani methods using a Wang 2000 computer. The
results are presented in Figures 1-5 as variation curves

of the anomaly shape and of the maximum effect.

For a square depression (Fig. 1) the shape of the
anomaly remains the same when the square side varies.
Therefore, the anomaly has a characteristic shape with
strong gradients above the depression margins. The
maximum amplitude varies lineary with the variation
of the side dimensions (0.20 ingal at 10 m; 3-7 mgal
at 160 m).
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100 m

Fig. 5 — Variation of the gravity effect of a depression filled up with loess as a function of the

shape of the cross-section.

1, rectangular section; 2, trapezoid section; 3, triangular section.

In case of the rectangular depression gravity effects
depend on its width and depth. Figure 2 shows the
anomaly modification as the depth varies for a depres-
sion with constant width (L = 500 m). It is of note
the linearity of the dependence between the maximum
effect and the depression depth as well as the charac-
teristic shape of the anomaly: a central part limited
by abrupt flanks situated above the depression mar-
gins. The central part is well developed if the depth
(H)/width (L) ratio is small.

Figures 3 and 4 illustrate the anomaly dependence
on the depression width for two constant depths (H).
For shallow depth (H = 40 m) the maximum effect
in the anomaly axis varies asymptotically with the in-
crease of the depression width (Fig. 3), culminating
with the moment when, regardless of the depression
width, the maximum effect is practically the same and

equal to the effect of an infinite horizontal plate.

The anomaly is sharp for small widths and it be-
comes flat, with a wide central part, for greater widths
of the depression.

Similar conclusions can be inferred from the analysis
of a deeper depression (H = 100 m), the absolute values
being obviously different (Fig. 4). At a depth of 40
m the maximum effect is of ca 1.6 mgal whereas at
100 m deep the effect is of almost 4 mgal.

Figure 5 represents the anomaly variation concomi-
tantly with the modification of the depression shape,
width and depth being constant. The effect of rect-
angular, trapezoidal and triangular depressions have
been calculated as well. The shape of the anomaly
changes very little (the value of the flanks gradient
changes slightly) but the anomaly amplitude is signif-
icantly modified.
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depth (H) for different widths (L) of a rectangular bidimensional depression filled up with loess.

The last two figures (Figs. 6 and 7) show templates
of the variation of the anomaly maximum amplitude
as a function of depth H and width L of a rectangular
depression for common values. ;

Figure 6 illustrates the variation depending on the
depth H, width L being regarded as a parameter. Their
representation can be used for the quick evaluation of
the maximum effect for rectangular depressions (up to
160 m deep and 1000 m wide).

Figure 7 represents the variation controlled by width
L, in this case depth H being the parameter. The log-
arithmic scale of the width has been used in order to
include the whole interval. This template can be used

for the interpretation of gravity anomalies determined
by loess. On the gravity map the depression width L
can be measured as the distance between the middle
of the gradient belts of the anomaly which delimits it.
The maximum amplitude A g is the difference between
the anomaly values in the apex and that at the flanks
margins. Introducing the two values {A g and L) in the
template one can inmmediately obtain the depression
depth (H).

Thus the template can be used in the direct and
quick interpretation of the anomalies caused by paleo-
valleys filled up with loess, a very important step in the
complex interpretation of the geophysical anomalies of
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Abstract: Integrated interpretation of the gravity and geothermic data obtained in 1988
from a complex survey performed in the Upper Ciuc Basin has indicated the presence
of three faults that affect the basin basement and allow the upward circulation of the

thermalised waters coming from the depth.

The faults manifesi themselves by both

maximum of gravity horizontal gradient and positive anomalies of temperature measured
at a depth of 40 m. The overlapping of the two different types of geophysical anomalies

is remarkable.

Introduction

The neovolcanic arca of the East Carpathians has
been the object of numerous investigations by means
of various geophysical methods and techniques used
for solving the geological or hydrogeological problems
and, more recently, for the identification of geothermal
resources.

In the upper Ciuc Depression located between the
parallels of Sincriieni and Racu villages and sur-
rounded by the Haghimasg, Ciuc and Harghita Moun-
tains an outstanding coincidence between gravity and
geothermic anomalies mapped in 1989 has been ob-
served.

The alm of this paper 1s to wmtroduce the gravity
and geothermic data from the upper Ciuc Depression,
their correlation type as well as the geological signif-
icance assigned to the superposition of the anomalies
of thie two fields with different physico-geological back-
ground.

Geological setting

The morphological aspect of the region lying
between the Calimani-Gurghiu-Harghita neovolcanic
chain and the Highimas and Ciuc Mountains is the

result of the recent evolution of an.area aflected by im-
portant disjunctive tectonic events. Both the emplace-
ment of eruptive masses and the sinking of the parts
belonging to the Central Fast Carpathians Nappes
(Crystalline Mesozoic Zone) and the Outer Dacids
(Ceahlau Nappe) led to the formation of post-tectonic
depressions at the interior of the East Carpathians.
One of these depressions is located on the upper seg-
ment of the Olt valley being confined to the north by
the crystalline rocks of the Central East Carpathians
Nappes and to the south by the Jigodin ridge.

Data supplied by the geological maps of Roma-
nia (scale 1:50.000) supplemented with information
from Sandulescu (1984), Stefnescu (1980) and Kusko
(1989) led to the following mam features of the study
area.

The basement of the Ciuc Depression is mostly
constituted of the metamorphic formations of the
Bucovinian and sub-Bucovinian Nappes, on which
patches of sedimentary rocks (Triassic-Lower Creta-
ceous) belonging to these two tectonic units have been
found. On the south-eastern side of the Ciuc Basin,
flysch formations of the Ceahlau Nappe constitute the
basement.

From the petrographic point of view, within the Bu-
covinan and sub-Bucovinian Nappes of the study area
several nietamorphic series have been distinguished, as
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follows: Bretila Series (gneissic and paragneissic for-
mations intruded by granitoids), Rebra Series (rep-
resented by thick terrigene deposits with carbonatic
and basic magmatogene rocks), Negrigsoara Series (rep-
resented by mesometamorphic schists and metavol-
canic dacites), Tulghes Series (comprising mainly ter-
rigene rocks with acid and basic volcano-sedimentary
interbeddings metamorphosed in the greenschist fa-
cies). These series overthrust each other during the
pre-Alpine tectogenesis.

Sedimentary formations of the Bucovinian Nappes,
cropping out north-west of Delnita and in the south-
ernmost part of the Haghimag syncline, comprise de-
posits of Upper Paleozoic (breccias), Lower and Mid-
dle Triassic (sandstones, dolomites and limestones),
Lower and Middle Jurassic (limestones), Callovian
(silts and sandstones), Tithonian-Neocomian (mainly
marly limestones) age.

Mesozoic formations of the sub-Bucovinian Nappe
crop out north of Tomesti, in the tectonic window with
the same name. They belong to the Lower and Middle
Triassic (quartzitic sandstones, dolomites and jaspers)
and to the Lower and Middle Jurassic (detrital lime-
stones, black schists and sandstones). -

On the eastern margin of the Ciuc Depression, flysch
deposits of Tithonian-Lower Cretaceous age were en-
countered, all of them belonging to the Outer Dacids
(Ceahlau Nappe). Within this tectonic window two
digitations have been separated: Ciuc, to the west,
and Bodoc, to the east. .

The western and north-eastern cartographic limits of
the Ciuc Basin are constituted not only of the volcano-
sedimentary formation but also by the massive an-
desitic rocks developed in the axial zone of the neo-
volcanic chain.

Drilling data from the Ciuc Basin indicate that the
filling of this depression is mainly formed of aggiomer-
ates with tuffs, gravels and clays interstratifications.
Westward, the frequency of extrusive interbeddings
(agglomerates or even lava flows) increases resulting
in a higher average density for the basin filling. All
these deposits belong to the Upper Pliocene, except
for a discontinuous basal level with marls and sideritic
sandstones referred to the Miocene.

From the hydrogeologic point of view, two aquifers
with hydrodynamic inter-relations have been distin-
guished. The first one is developed within the filling
of the depression exhibiting a remarkable permeabil-
ity. The recharging of this aquifer is acomplished by
the meteoric waters as well as by the underground wa-
ters from the western prolongation of the volcanics.

A second aquifer is developed within the Cretaceous
flysch formations (Sinaia Beds) which are intensely
folded and fissured. The recharge takes place either in
the outcropping area of the flysch deposits from mete-
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oric water or through the deep faults circulated by the
underground waters coming from the depth.

Chemical analyses of the waters from numerous min-
eralized springs emerging in the region indicated that
these springs are supplied by both aquifers. An ar-
gument in this respect is the thermalization of some
springs which exhibit temperatures ranging from 14 to
279 C.

The Ciuc Basin has been subject to many geo-
logical surveys by means of practically all measur-
ing techniques. Thus, the.regional and local gravity
investigations covered the whole neo-volcanic area of
the Gurghiu-Harghita Mts (Suceavd, Proca, 1970, un-
publ. reports), revealing the gravity anomalies and
their correlation with the geological structure. Gravity
data made possible the achieving of several generalized
models (Proca, 1981; Botezatu, 1987).

In order to depict the structure of the basement
Popescu et al. (1963) performed a seismic study. Re-
cently, Stanchievici et al. (1988, unpubl. report) made
seismic records and drew up a structural map of*the
basement on which the position of several faults was
indicated.

In the frame of a complex- investigation for geother-
mal resources assessment, apart from gravity and
geothermic studies, which are the subject of this work,
the magneto-telluric, geoelectric resistivity and self
potential surveys were carried out, too (Visarion et
al., 1989, unpubl. report). Geological and geophysi-
cal exhaustive syntheses were subsequently performed
(Tonescu et al., 1985; Visarion et al., 1989, unpubl.
report) on the basis of the results obtained from the
surveys mentioned above.

Gravity Data

The detailed gravity survey carried out in 1988 cov-
ered the middle and upper part of the Ciuc Basin with
a network having a station density of 15 stations per
sq.kmm. The primary processing of the field gravity
and topographic data enabled to produce the Bouguer
gravity map for a density of 2.40 g/cm?3.

As in other intramountainous basins, the gravity
anomaly in the Ciuc Basin is strongly dependent of
the basement topography because on the one hand its
depth is rather small (up to 800 m) and on the other
hand a strong density contrast (of over 0.50 g/cm3)
exists on its surface.

Generally speaking, the basin reflects itself in the
gravity anomaly as a minimum of over 15 miligals
with an asymmetrical shape. The anomaly apex corre-
sponds to the maximum depth area and it lies between
the town of Miercurea-Ciuc and the Olt River.
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The gravity anomaly has been subjected to sec-
ondary analytical processing in order to increase its
expressiveness. Thus, the regional/residual analyses
were carried out either by the running average method
(for various grid sizes) or by applying ” geological cor-
rections” by an original method (Proca and Nicolau,
1989, unpubl. report). Very useful proved to be the
analysis of statistical correlation between the primary
and corrected Bouguer anomalies and the basin depth
obtained by drilling data.

A widely accepted fact is that fractures are sources
of the step-type structure which produces particular
gravity anomalies whose main characteristic is the
steep horizontal gradient. The gradient maximum
value is situated above the trace of the step.

In order to point out more clearly the gravity ef-
fect of the fractures, the total horizontal gradient map
of the Bouguer gravity anomaly was calculated and
drawn up. In each calculation point the N-S and E-W
components of the gradient were determined by sim-
ply dividing the differences in gravity to the distance
on the two directions. The absolute value of the to-
tal gradient resulted as the square root of the squares
sum of the two components. Thus, a scalar value re-
sults showing only the size of the gradient without its
orientation. Although the information referring to the
gradient direction in each point is lost (Botezatu, 1986,
personal communication), the map obtained by con-
touring the gradient values contain information on the
absolute dimension of this component and implicitly
on the positions, sizes and orientations of its maxima.

In the study area, the map of the horizontal gradient
~ of the gravity anomaly (Fig. 1), on which only the
contours above 30 E at a spacing of 20 E were traced,
shows several maximum alignments which might be
interpreted in the above-described manner.

The most conspicuous alignment is the East Mier-
curea Ciuc-Pduleni-Delnita-Nicolesti one, which lies
near the eastern side of the Ciuc Basin. It trends
almost north-southwards and along it the horizontal
gradient reaches values of 70 E in the Sumuleu quai-
ter of the Miercurea Ciuc town and even 90 E at
Delnita. A NE-SW branch of this lineament starts
from Sumuleu, goes to the western side of the town,
crosses the Miercurea Ciuc resort and -continues over
the Olt River. Its maximum intensity is 70 E.

South of Miercurea Ciuc, another alignment, less in-
tensive (50 E), is situated at Sincrdieni and shows a
NW-SE trending parallel, in this area, with the Olt
River. :

Westwards, on the right bank of the Olt, amother
gradient anomaly is outlined south of Ciceu; it trends
north-southward, have intensities around 50 E, but
reaclies 70 E in the southernmost part where its direc-
tion changes. There are two smaller and less intense

anomalies north-east of this anomaly. The parallel
anomalous alignments with a NE-SW trending mark
the flanks of the Racu uplifted block. The outstand-
ing gradient intensities found here (over 110 E) suggest
not only the very existence of basciment fractures, but
also a significant displacemient produced by them. In
this respect it might be stated that the resolution of
the total horizontal gradient imap tn pointing out the
basement faults is better if the faults exhibit a bigger
displacement aud are shallower. The down or uplifted
position of various blocks limited by fractures might
be established by correlation with Bouguer map.

East of Miercurea Ciuc two semicircular anomalies
of over 70 E can be seen on the horizontal gradient
map. They do not mark faults, but rather the borders
of the Sumuleu intrusive body which is in a strong
mass contrast against its host rocks.

Geothermic data

The regional geothermic data for the Gurghiu-
Harghita area (Veliciu, Peter, 1985, unpubl. report)
pointed out that the Neogene volcanic area has asso-
ciated high terrestrial heat flow values ranging from
70 to 118 mWm~2. The amplitude of this regional
anomaly decreases slightly from north to south but
it shows an important reduction westward (in the
Transylvanian Basin) and eastward (in the Crystalline
Mesozoic and Flysch zones).

The heat flow values measured in the wells in the
Ciuc Basin range from 65 to 70 mWm™2, which cor-
respond to a cenductive geothermal gradient of 4.5-
5.0°C/100 m (or cca 30-40°C at the depth of 600 m).

A detailed study performed by means of 35 short
drill-holes (Veliciu, Zamfir, 1989, unpubl. report) sup-
plied new information on the temperature distribution
at the depth of 40 m in the Miercurea Ciuc-Jigodin- .
Sincraieni area. These data have been supplemented
with temperature values from observations in 8 wells
drilled for mining prospecting between Miercurea Ciuc
and Racu.

The temperature maps for the depth of 40 m (Fig. 2)
showed the existence of several local positive anomalies
surrounding the Miercurea Ciuc town. These anoma-
lies outlined by the geoisothermal line of 129C (mean
annual temperature at the earth surface is 7°C) are
located as follows: west of Miercurea Ciuc between
Miercurea Ciuc resort and the town limit, south of
Miercurea Ciuc near Jigodin and in the Sumuleu dis-
trict.

A less intense anomaly (14°C) but with a wider
extent is situated west of the Olt Valley. Positive
anomalous temperature values were recorded north
and south, respectively, of Racu.



48

A. PROCA et al.

'~ Fr moasa

o Nncolestl

ZVG

oDelmto
+30

r0°k
peinitS :

. ched Brook A 'i :
& ‘ o
0 N
y 0 3

Miercurea Ciuc!
, O
~0) A
. 50

50

J8AMY HO

OFitpd
G QD
<\ : Le?iceni

30

Fig. 1 - Horizontal gradient of the gravity anomaly map in the Upper Ciuc Basin. 1, horizontal gradient contour
for 20 E6tvds interval; 2, maxima of horizontal gradient



FAULTS IN TIIE CIUC BASIN DEPICTED BY GRAVITY AND GEOTHERMICS

s
X s,
1%9 12¢
OFrumoasa
®
/ \
{ 13.0 ' ONicoleg,h'
N Birzava
. . 0
\ O‘ Siculent % 7
©12.0 .
7 /
// /
/ .
1| e .
nes BT 77 QCiceu ,/  JoDpetnita
Segnes l ‘ / / '
; \/ 7 DelnigBrook
- /
| P ,
l 130 e P
/°r ,
P 4 120
©10.3 / Ve 010.2 120
©9.2  (ched Brook 181 \ 0107 o133
1?3 131
\ \ \& 097 {2T\" C
\ N\ 1?0 & 19 onz oM.
\ A 5, 0181 '8/ 130 12/ .
104 Mie ureq Cl C 14
§° o o © OFitod
100 o 475, 104
135 5 120 102 s "o
09 AZENJIL* 10.6 /06 © OlLeliceni
° ? ® /106
10.2 10.4 905 N Q ' °
[0 g 214
8] P 1
a4 of| Bas. )] +12
10 NJ 21990 :
o]
s
o 19.00 1‘;3
13.9 .
v 010.9
123 14 . Sincraieni
o 1 Pl 2 we 3 O

Fig. 2 - Temperature distribution map at a depth of 40 m in the Upper Ciue Basin: 1, geothermic drill hole
and measured temperature at a depth of 40 m; 2, geoisothermal line; 3, thermal emergence.



Integrated interpretation of gravity and
geothermic data

The analysis of both gravity data (horizontal gradi-
ent of the Bouguer anomaly) and of geothermic data
(temperature at 40 m deep) shows a good correlation
between two types of anomalies: the maxima of ten-
perature measured in shallow drill-holes are superim-
posed on the horizontal gradient maxima.

A. PROCA et al.

themselves. It is worth mentioning that the apexes of
the two types of anomalies are not always in the same
place.

Accepting that the gravity anomaly gradients are
generated by displacements caused by faults "at the
hbasement level and that the geothermic anomalies are
generated by circulation towards the surface of the
thermalized waters coming from the depth, it results
that the two geophysical methods show two comple-
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Fig. 3 — Geological cross-section (M. Stefanescu, 1988), gravity and geothcrmic pro-
files in the Upper Ciuc Basin: 1, Bretila Series; 2, Wildflysch formation {Barremian-
Albian) {rom the Bucovinian Nappe; 3, Sinaia Beds (Tithonian-Neocomian); .
volcano-sedimentary formation (Upper Pliocene); 5, andesitic lavas; 6, Quaternary
deposits; 7, temperature profile; 8, Bouguer anomaly profile; 9, horizontal gradient

profile of the gravity anomaly.

Such a correlation is obvious around Miercurea Ciuc
where the most important geothermic anomaly, that
of Miercurea Ciuc resort, is superposed on the NE-
SW gradient alignment that passes west of the city.
The anomaly from the Sumuleu district superposes the
IEast Miercurea Ciuc-P3uleni-Delnita-Nicolesti align-
ment whereas the Jigodin geothermic anomaly lies on
the NW-SE Sincriieni-Jigodin alignment.

Although the superposition is obvious the tempera-
ture anomalies do not follow the gradient anomalies
on their entire length but they are rather situated
preferentially on zones where such alignments intersect

mentary features of the same tectonic element.

Moreover, the fact that the directional extension of
the two types of anomalies are not equal (the gradient
alignment being usually longer) proves that the frac-
tures pointed out by gravity are not circulated on all
their length but rather preferentially on zones where
two or more fractures intersect.

The differences in the location of the anomaly apexes
may give indications on the dipping of the fault planes:
the geothermic anomaly shows the shallow trace (down
to 100 m) of the fracture plane whereas the gravity
gradient corresponds to the step at the basin base-
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ment level (several hundreds of metres). The dip ol -

the fracture may be seen by joining the two traces on
a transverse cross-section (Fig. 3).

In the study area, the majority of fractures dip west-
ward; this observation is confirmed by the geological
mapping.

Finally, the combined analysis of the two geophysi-
cal fields points out that the geothermic anomalies do
not correspond to all gravity gradient anomalies. This
may be caused by the lower density of the geother-
mic observation points (about one drill-hole per 2-3
sq.km.) or by the fact that not all the faults arc circu-
Iated by thermalized fluids or because of the decrease
of the initial temperatures during the upward circu-
lation, or even because the faults are not permeable
enough to allow a fluid circulation.

Conclusion

The gravity and the geothermic surveys in the Ciuc
Basin area have contoured superposed anomalies. Al-
though they have a different physico-geological back-
ground, they show two complementary aspects of the
same tectonic element, namely faults.

The gravity data expressed by the horizontal gra-
dient of the Bouguer anomaly show sharp displace-
ments caused by faults at the basin basement level.
The geothermic anomalies (temperature at 40 m, mea-
sured in drill holes) point out zones where there is an
upward circulation of ‘thermalized waters coming up
from depth.

The traces of fractures aflecting both the basin hase-
ment and its filling sediments have been outlined by
the correlation of the gravity and geothermic data.
The most important faults are those which form a
triangle around Miercurea Ciuc town and which in-
tersect themselves at Miercurea Ciuc resort, Jigodin
and Sumuleu. Thermalized waters from depth circu-
late upward through these faults, preferably at their
intersection.

Recetved: December 14, 1989
Accepted: December [5, 1989

They are probably the most promising arcas for eco-
nomic development ol geothermal waters in this region.
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Abstract: A Grevimetric Model of Dobrogea. A configuration of straight rectangular
. prisms has been used to reproduce the major regional anomalies known in Dobrogea.
Based on the modelling process the whole morphology of the gravity field can be explained
by density contrasts situated on the first 5 km of the crust. Elements of a deep-seated
basic eruptive structure and of an IE-W trending zonation in Central Dobrogea has also

been obtained.

Introduction

Les levés gravimétriques régionals et sémirégionals,
effectués dans la Dobrogea entre les années 1950
et 1965 ont évidentié les principaux traits struc-
turaux reflétés dans ’anomalie de la gravité, pratique-
ment en méme temps ou a unc courte période apres
I'achévement des respectils travaux.

Morphologiquement, la Dobrogea est une région
faiblement élevée, qui émerge des terrains alluvion-
naires de la Plaine Roumaine, du Delta du Danube,
ainsi que des sédiments du plateau continental de
la. Mer Noire. Les investigations géologiques et
géoplysiques a caractére régional ont relevé le fait
que cette région cst partagé par deux unités tec-
toniques niajeures: I’'Orogéne nord dobrogéen et la
Plate-forme Moesienne, la limite entre les deux unités
étant marquée par la ligne de chevauchement de
Peceneaga-Camena. Le domaine niwoesien de la Do-
brogea est traversé par une importante dislocation, la
ligne de Capidava-Ovidiu qui sépare le domaine des
schistes verts ou la Dobrogea Centrale de la Dobrogea
Méridionale. La signification géologique des images
gravimétriques correspondantes tant aux deux lignes
majeures de chevauchement gu’au principaux éléments
structuraux présents dans I'unité dobrogéenne aussi, a
été relevé par les auteurs mémes des cartes qui com-
portent ces 1mages.

Ainsi, pour I’'Orogene nord-dobrogéen on a évidentié
la signification du minimum intense et a& un Jarge
développement, situé surtout dans le territoire de

I'unité de Tulcea et attribué & une dépression syn-
clinale majeure du fondement cristallin développée
dans tout le territoire de la Dobrogea septentrionale
(Botezatu et al.,, 1961). Les lignes de maximum
qui entourent ce minimuin ont été, a leur tour, at-
tribuées a certains ”plis anticlinaux du soubasse-
ment cristallin”.  Méme si de nouveaux modeles
tectoniques apportent des correctifs a cette forma-
tion, ainsi que des correctils de détail imposés par
Penrichissenlent de l'information pétrophysique, on
peut affirmer que I’étude susmentionnée a atiribué
déja a certaines roches paléozoiques et prépaléozoiques
denscs, trouvées en position élevée, le role de source
des maxinums gravimétriques régionales de la Dobro-
gea septentrionale.

Alusi, pour la Dobrogea Centrale les schistes verts
denses wont reconnus comme responsables pour le con-
traste de masse engendrant la large avomalie de maxi-
mun développée vers le platecau continental (Airinei,
1967; Botezatu, Bacioiu, 1957).

Dans la Dobrogea méridionale linterprétation des
données gravimétriques a été concentrée notamment
sur la zone de Palazu Mare (Visarion et al., 1979), mais
des certaines références recouvrent une zone plus large
au sud de la ligne de Capidava-Ovidiu, en remarquant
Peffet de ’épaississement. de la couverture mésozoique
(Bacioiu, 1957; Botezatu, 1982).

On a présenté sonmmairement les terprétations
données jusqu'a présent a la carte gravimétrique
régionale de la Dobrogea pour mentionner des le début
que le modéle proposé par nous ne peut pas apporter
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des éléments essentiels nouveaux. Mais il favorise
la mise en discution de certains traits structuraux
profonds sur la base des inforinations quantitatives
fournies par le processus de modélisation méme.

Le modéle proposé a un caractére tridimensionnel,
c’est a dire il essaie de reproduir a P’aide d’une confi-
guration de masses prismatiques, des anomalies & ca-
ractére isométrique en général. Pour calculer I'effet
cumulé de la configuration de prisines on a utilisé un
programme de calcul automatique écrit en langage For-
tran IV. Le calcule a été effectné dans un réseau carré
avec le ¢oté de 10 km. Cette dimension a été adoptée
en accord avec le degré relativement réduit de fidélité
qui peut étre exigé d’un modéle & une géométrisation
prohibitive et en accord avec le fait qu’on a eu pour but
la reproduction d’une carte gravimétrique régionale.

Pour réaliser le modéle on a adopté comme hy-
pothése de travail la limitation des contrasts de
densité responsables pour la présence des anomalies
gravimétriques cartographiées sur le territoire de la
Dobrogea, a une zone superficielle de la croiite, épaisse
de 5 km. L’hypothése s’apuie sur Pintégration des in-
formations sur la densité, la telluroélectrométrie, la sis-
mométrie et la géologie.

Des données sur la densité

Les informations sur la densité sont synthétisées
dans le diagramme de la planche I, qui nous offre une
image du parametre respectif pour les principaux litho-
types connus dauns les afllecurements et forages de la Do-
brogea. 1l est nécessaire de souligner que I'information
pétrophysique provient de la surface ou d’une faible
profondeur. Par conséquent, dans I'investigation de
la structure profonde I'utilisation de ces donmnées doit
étre faite sous la reserve d’importantes transforma-
tions” que celles-ci puissent subir dans les conditions
de gisement profoud. Pour les schistes verts et la séric
des schistes mésozoiques d’Altm-Tepe le diagramme
met en évidence une difference qui peut atteindre 0,10
g/cm?® entre la densité observée dans les aflleurements
et sur les carottes extraites des profondeurs de jusqu’a
1700 m.

Pour évidencier les contrastes pétrophysiques im-
portants pour I’étude de structure profonde, on doit
remarquer des le commencement une certaine unifor-
mité dans le sens que tant les roches cristallines et
éruptives de I'unité de Macin, que les carbonatites
de l'unité triasique aussi, présentent des densités rap-
prochées dans la Dobrogea septentrionale, les con-
trastes importants se réalisant au compt des densités
plus faibles des formations jurassiques (flysch de Nal-
bant et de Denis-Tepe). Des faibles densités ont été
enregistrées aussi dans les formations siluriennes et les
schistes cristallins de la colline de Ioria et la colline
de Rediu, mais le degré avansé d’altération supergéne
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de ces roches condnit & l'attribution d’une significa-
tion réduite a la valeur obtenue pour les lithotypes
mentionnés. Des densités plus réduites sont attribuées
aux magmatites acides triasiques. En contraste de
densité faiblement négatif avec la niasse des roches
paléozoiques et prépaléozoiques se trouve aussi la for-
mation de Carapelit et le Dévonien de 'unité triasique.
Les densités les plus élevées rencontrées dans la Do-
brogea septentrionale, chose & prévoire d’ailleurs, ca-
ractérisent les magmatites basiques triasiques.

Daus la Dobrogea Centrale, tant les schistes verts
que les schistes mésozonaux d’Altin-Tepe aussi, ont des
densités supérieures par rapport & la plupart des voches
paléozoiques et prépaléozoiques de la Dobrogea septen-
trionale, étant comparables avec la série de Palazu
Mare de la Dobrogea Méridionale. Cette derniére
réalise, a son tour, un contraste de densité positif avec
les gneiss basaux sous-jacents, ainsi qu’avec toutes les
formations plus jeunes surjacentes.

Pour la Dobrogea Méridionale on peut remarquer
aussi quelques contrastes de densité, le plus important
dtant, certainement, celui engendré par la disposition
de la couverture de roches terrigenes et carbonatées
quaternaires, cainozoiques et mésozoiques non af-
fectées tectoniquement, au-dessus du socle paléozoique
ct prépaléozoique & une tectonique compliquée et peu
connue (Paraschiv et al., 1983). Bien que ce con-
traste arrive jusqu’a 0,5 g/em3, la disposition quasi-
horizontale de sa surface d’existence nous empéche
de lui attribuer une signification importante dans
la détermination de la morphologie du champ de la
pésanteur observée.

Pour la morphologie de la carte gravimétrique de
la Dobrogea Méridionale nous considérons essentiels
les rapports densimétriques entre les divers types
paléozoiques et prépaléozoiques. Ces rapports sont
évidentiés par les donndes publiées (Visarion et al.,
1979), ainsi que par les déterminations effectuées sur
les échantillons prélevés de Paflleurement et sur les
carottes renfermées dans la lithothéque!. Dans ces
conditions on doit considérer comme seul contraste
de densité certe celui obscervé entre les dépots car-
boniferes pélitomorphes et les carbonatites de la for-
mation de Caldrasi (dévonienne), qui est supérieur
a 0,1 g/em3, en faveur de ces derniéres.  Pour
les quelques échantillons ot nous croyons d’avoir re-
connu le grés quartzeux de Smirna et les argilites
de Tandirei (dévoniennes) on retient seulement des
densités inférieures par rapport A celles des rocles
paléozoiques susinentionnées. Avec quelques reserves
on retint aussi la valeur de 2,71 g/em® pour les schistes
verts.

Taa  détérmination  litho-stratigraphique  d’aprés  Gh.,
Vasilescu et C. Dragomirescu, 1977; V. Carp et Gh. Pitulea,
1985, données nonpubil.



UN MODELE GRAVIMETRIQUE DE LA DOBROGEA 55

.

Dounées télluroélectromdétrigues,
sismnométriques et géologiques

Une information extra-gravimétrique considérée im-
portante, conduit vers la délimitation du modele pro-
posé & la profondeur de 5 km. Cette information
est fournie par la section des résistivités électriques
obtenues par la méthode des courants télluriques le
long d’un profil qui traverse la Dobrogea orienté NNE-
SSV (Stanica, 1987).

La section géoélectrique mentionnée met en évidence
des variations de la résistivité obtenues par la méthode
des courrants telluriques tant dans la Dobrogea Cen-
trale que dans celle Septentrionale aussi, jusqu’a la
profondeur de 5 km. Les facteurs pétrophysiques qui
déterminent les variations de la résistivité électrique
différent des ceux qui déterminent les variations de la
densité. Pour les profondeurs prises en considération la
micro et la macroporosité ensemble avec la résistivité
des fluides qui occupent les espaces poreux, jouent
un réle primordiale pour la résistivité électrique ap-
parente. La microporosité, qui diminue jusqu’a des
valeurs négligcables & travers les prenilers deux a
trois kilometres de profondeur, meéme dans le cas
des roches jeunes, peut jouer un role moins inipor-
tant. pour la densité, la composition minéralogique
devenant décisive & des profondeurs plus grandes.
Malgré cela, au moins comme hypothése de travail,
nous considérons qu’on peut accepter une corrélation
entre les limites majeures résistivimétriques et den-
simétriques, surtout s’il s’agit d’une macroporosité
qu’on peut, dans une premiére approximation, con-
siderer comme équivalente au degré de tectonisation.
Ainsi, la section tellurométrique de la Dobrogea a été
adopté comme argument en faveur de la lunitation
du modeéle gravimétrique a la profondeur de 5 km.
Vers la meme profondeur conduisent aussi les observa-
tions géologiques effectuédes dans la Dobrogea centrale
(Mirduta, 1969), qui indiquent pour toute la formation
des schistes verts une épaisscur de 5000 m. Nous cou-
sidérons aussi que ’onde continue réfractée dans la Do-
brogea centrale { Constantinescu, Spinoche, 1967) peut
etre interprétée comme Pexpression de la homogénéité
des schistes verts au moins jusqu’a la profondeur de 5
km. La présence des formations cristallophyliennes a
des propriétés élastiques similaires a celles des schistes
verts, sous la profondeur mentionnée, ne serait pas in-
firmé par les observations sismométriques citées.

Dans la Dobrogea méridionale nous savons seule-
ment qu’on se trouve dans la présence d’un dJdévelop-
pement du Paléozoique vers la limite méridionale du
territoire, pour lequel on a pu élaborer, a laide des
données de forage, une coupe synthétique correspon-
dant & une colonne de 3000 m (Paraschiv et al., 1983).

En ce qui concerne la Dobrogea septentrionale, les
données des courants telluriques, ainsi que les con-

sidérations d'ordre géoteclonique suggerent, au con-
iraire, l'existence des certains contrasts de densité
a des profondeurs dépassant les 5 kin. La faille
de Peceneaga-Camena, évidentiée au N du Danube
comme déterminant un aflaissement de jusqu’a 6
ou 7 km (Constantinescu et al., 1970; Constanti-
nescu et al., 1972) du compartement au niveau de
la surface de Conrad et a la base de la croute,
constitue évidemment la source de quelques effets
gravimétriques qui s’ajouttent a ceux engendrés par
des néhomogénéités trouvés au dessus des limites sus-
mentionnées. La valeur de ces effets profonds étant
réduite par rapport aux effets des contrastes de den-
sité des premiers 5 km, on a considéré qu’un pre-
mier modéle tridimensionnel peut étre limité a la pro-
foudeur déja mentionnée.

Le modele

Nous avons abordé ce modele tridimenstonnel par
I'imtermeéde d’un profil orienté N-S, situé dans la par-
tie est de la Dobrogea (fig. 1). On a réalisé¢ le
long de ce profil un modeéle gravimétrique tridimen-
sionnel intégré par la méthode Talwani (Talwani et
al., 1959), pour lequel les coupes géologiques d’ot on
est parti ont été celles qui accompagnent les cartes
a 1:200.000 publiées par I'Institut de Géologie, ainsi
que la carte du soubassement préjurassique de la Do-
brogea miéridionale publiée par Paraschiv et al. Ce
modéle bidimensionnel a constitué une premiére con-
firimation du fait que 'anomalie de Bouguer sur le ter-
ritoire de la Dobrogea, peut étre réproduite a laide de
quelques contrastes de densité placés dans Umterval
des premiers 5 km de la croute et a indiqué ¢n meéme
temps la corrélation entre les contrastes de deusité of-
ferts par les déterminations sur les échantillons et ceux
acceptés par le inodele gravimétrique.

Pour réaliser le modele on a juxtaposé, initialenent,
unn nombre réduit de prismes grandes correspondant
aux anomalies principales. On a attribué aux prismes
des densités compatibles aux données pétrophysiques,
en modifiant les densités jusqu’on a obtenu les am-
plitudes des variations extrémes présentes sur la carte
observée. Dans cetle étape on a déterminé aussi la
densité unique (2,55 g/em®), attribuée aux zones lin-
itrophes au modéle. Aprés avoir obtenu cette premieére
approximation nous avons ddétaillé le modele par la
division des prismes appartenant a4 cctte premiere
approximation dans les deux sens verticale et lori-
zontale. Parallelement aux transformations spatiales
du modele on a effectué aussi les modifications des
densités exigées soit par la correspondance du nou-
veau arrangement géométriques a des formations bien
déterminées densimétriquement. soit seulement par la
morphologie du champ anomal obscrvé.
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Tenant compte du but proposé, ce processus de mo-

delage s’est arrété a la douziéme itération, en obtenant
le résultat présenté dans la carte annexée (PL. II).

Cette carte comporte tant des isoligues du champ
gravitationnel de modelage, aussi bien que des isolignes
appelées ”de qualité” "du modele, et qui représentent
des isolignes de la difference d’entre ’anomalie ob-
servée et celle calculé pour le modéle tridimensionnel

: auquel nous nous sommes arrétés.

En observant ces isolignes de qualité on constate que
le modéle comportant des prismes reproduit les anoma-
lies observées avec une approximation de jusqu’a 30%
de Pamplitude de celles-ci, la déviation maximum se
situant dans la zone de minimum nord-dobrogéen.
Pour la plupart du territoire les déviations sont de
I'ordre de 10%, les meilleures correspondances étant
observées dans la zone de 'unité de Micin, dans la
Dobrogea centrale, ainsi que dans la zone du mini-
mum gravimétrique de la Dobrogea méridionale. Im-
plicitement, du_point de vue physique la fiabilité du
modele est plus grande pour les zones susmentionnées.
Les significations géologiques de ce fait résultent de la
correspondance densité-lithofaciés attribuée a chaque
prisme-modeéle en partie.

Pour D'unité de Micin, Dexistence de diverses
roches, a des densités zompatibles & celles des roches
précambriennes et paléozoiques connues a la surface,
Jusqu’a la profondeur de 5 km, peut constituer 'indice
d’une allochtonic réduite de cette unité. Au contraire,
la qualité faible du modéle pour le territoire de unité
de Tulcea, ot pour les prismes qui devraient modeler
le minimum central on a adopté une densité inférieure
a celle connue pour les roches de la surface, indique
’existence d'une structure plus compliquée, & sources
d’anomalie trouvées a des profondeurs de plus de 5 km.

Pour la Dobrogea centrale le modéle tridimensionnel
constitue le support physique de I’emplacement. de la
source du maximuin de Sinoe a I'intéricur des schistes
verts. Cette source peut étre identifiée a aide de la
densité, avec un important nassif de roches erruptives
basiques métamorphosées. La partie supéricure de ce
massif serait situé a une profondeur de 2700 m et sa
conformation le place suivant les directions disjonctives
majeurs (les failles de Peceneaga-Camena et Capidava-
Ovidiu). Dans la zone centrale le inassil présente aussi
un développement selon une direction perpendiculaire
sur celle des lignes tectoniques majeures.

On doit mentionner qu’au nord de la faille de
Pecencaga-Camena, dans la zone lagunaire, se situe
un maximum pour lequel le modéle indique, aussi,
des densités compatibles avec les roches erruptives
basiques. L’avancement d’unc liaison structurale avec
le massif de Sinoe est, cependant, hasardé et en tout
cas en dehors des modeles géologiques congus dans le
cadre des connaissances actuelles.

Toujours pour la Dobrogea centrale le processus
de modelage a conduit & I’identification d’un com-
partiment nord-occidental (& Iouest de la ligne de
Topolog -ouest Biltagesti) & une densité inférieure a
celle retenue pour les schistes verts percés par les fo-
rages du nord et de l’est. Jusqu’a présent nous ne
disposons pas de données géologiques corrélables avec
ce résultat de la modélisation physique.

Dans la Dobrogea méridionale le modéle tridimen-
sionnel suggere la présence, dans la zone de Cobadin,
d’une dépression comportant des roches paléozoiques a
densité réduite, compatibles avec celles percées par le
forage 3 Dobromiru {cité & 'occasion de la présentation
pétrophysique), aiusi qu’avec celles attribuées aux for-
mations terrigénes dévoniennes.

Conclusions

De Pinterprétation quantitative de la carte gravimé-
trique de la Dobrogea, a résulté un modeéle géométrisé
comportant 34 prismes. Celles-ci correspondent a des
divers volumes de roches considérées homogénes quant
a la densité. Le modele réalisé est, par essence, cor-
relable avec tous les éléments structuraux majeurs de
la Dobrogea. On peut signaler cependant 3 éléments
que le modéle gravimétrique tridimensionnel met en
discussion:

1 - La présence, dans la zone centrale de 'unité
de Tulcea. au moins a travers les premiers 5 km, de
diverses roches moins denses que celles connues a la
surface;

2 — La présence, dans la zone de Sinoe, d’un mas-
sif eruptif basique profond, située a une profondeur de
plus de 2700 m. Pour le développement du maximum
de Sinoe au nord de la faille de Peceneaga-Camena,
suggéré par le modéle, on ne peut pas donner une
interprétation géologique en accord avec les connais-
sances actuelles. On signale seulenient cette extension
comme simple observation;

3 - Dans la partie occidentale de la Dobrogea cen-
trale on a séparé un compartiment & dénsité inférieure
4 celle spécifique des schistes verts des zones centrale
et orientale.

Jusqu’a présent on ne dispose pas des connaissances
géologiques qui puissent donner une signification litho-
faciale ou structurale & cette séparation.

Note. Les auteurs remercient les collegues Gabriela
C'ucu et Gheorghe Ionescu pour l'assistence accordée
dans 'utilisation des progranunes de calcul automa-
tique.
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SOURCE OF THE CAZANESTI-CUIAS GRAVITY ANOMALY IN THE
DROCEA MOUNTAINS OPHIOLITES (MURES ZONE) AND ITS

METALLOGENIC IMPLICATIONS

Haralambie SAVU, Justin ANDREI

Institutul de Geologie gi Geofizicd. Str. Caransebeg 1, 78 344 Bucuresti 32.

Key words: Gravity anomalies. Magnetic anomalies. Ophiolite. Gabbro. Mineraliza-
tion. Apuseni Mountains.

Abstract: In the Liassic ophiolite megaslab of the Mures Zone (Drocea Mts) there are
scveral major gravity anomalies, e.g. the high gravity anomaly (25 kin long) lying between
Cizinesti and Cuiag. This anomaly is determined by the north-eastern segment of a deep-
seated dyke of gabbroic and peridotitic rocks intruded parallel with the shected dykes
of the ophiolitic complex (O2). Its apoplhyses are represented by the C8zinesti, Alm3sel
- and Cuiag gabbroic bodies which contain liquid-magmatic concentrations of vanadiferous
Ti-magnetite. Along the gravity anomaly two metallogenic fields with lhydrothernal
mincralizations have been separated: a cupriferous field and a pyrite one. For detailed
information on the structure of the anomaly zone, the petrographic constitution of the
great deep-seated dyke (about 500 m) and on the metallogenic hnplicatious a structural

borechole has to be drilled.

Introduction

In the Liassic ophiolites (180 Ma, Herz et al., 1974)
in the Drocea Mts occurs a major high gravity anomaly
(Andrei, 1964, 1969; Andrei et al., 1970, unpubl. re-
ports) lying between Céazinesti and Cuiag (Plate). As
numerous occurrences and major iron aud sulphide
concentrations occur along this anomaly, we consid-
cred of interest a study on the source of this anomaly
and on the characteristics of the different mineraliza-
tion types situated in the area. Data concerning the
mineralizations included in the gravity anomaly zone
are provided by reports and papers published by So-
colescu (1944), Cioflica (1962), Popescu et al. (1969,
unpubl. report), Corbu et al. (1969), Gheorghitescu
(1970), Savu (1954, 1962, 1963, 1974, 1986), Savu et
al. (1988 a, 1989), Andrei et al. (1981), as well as in
othier materials in the archives of LG.G., [.P.G.G. and
LF.L.G.S. of Bucharest.

Origin and position of the Mureg Zoue
ophiolites

As mentioned carlier (Savu, 1983; Savu et al., 1987)
the Liassic ophiolites in the Mureg ophiolitic suture

(Mures Zone) represent vestiges of an ocean crust
megaslab ohducted from the Mureg Ocean on the con-
vergent tectonic plates from the north (Apuseni Moun-
tains Plate) and from the south (Transylvanian Plate)
during the Upper Jurassic and the Neocomian. At
present the tectonic plates are collided under the ophi-
olitic slab of about 3000 m thick in this western part of
the Muteg Zoue (I'ig. 1). According to this model, con-
comitantly with the beginning of the bilateral subduc-
tion and the closure of the Mures Ocean (Savu, 1983,
1990) in the ophiolitic suture area the eugeosyncline
stage settled, during which the Late Kinumerian cale-
alkaline volcanism manifested along two island arcs
and began the Tithonian-Neocomian flysch sedimen-
tation. The Late Kinunerian volcanics aud the flysch
unconformably overlie the ophiolite megaslab. Due to
the Mesozoic tectonic movements the flysch deposits,
the Late Kinnnerian volcanics and their allochthonous
ophiolitic basement have been folded, overthrust and
then faulted. Thus, several tectonic nnits occur, sonmie
of them including an ocean crust slab torn off from the
mentioned ophiolitic megaslab.

The major tectonic unit including the largest. mass of
Liassic opliiolites in the base is the (Yipilnas-Techereu
Unit, separated by Lupn (1975). It has formed at the
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end of the Neocomian and extends on the whole length
of the Muresg Zone, from south of Lipova up to north-
east of the Trasciu Mts (Savu, 1983, 1990). Nowa-
days in the Mures Zone occur the remains of the initial
ophiolitic suture. To the south-west, in the connection
zone with the Sumadia ophiolitic suture (Serbia), the
Alpine formations of the Muresg ophiolitic suture have
been entirely eroded, so that at present only the su-
ture or collision line between the two convergent plates
is preserved. Consequently, Bleahu’s theory (1989) re-
ferring to four subduction planes cannot be sustained
because all the Alpine ophiolites occur in an obducted
position.
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sSuture
Poiana Ruscd Drocea Mts.
Mts. Mures slab >
5= I Sialic

’ﬁe—‘ crust
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Mantie
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Old Benioft planes
I'ig. 1 Model for the position of the Liassic ophiolitic

megaslab in the Mures suture and its modifications after ob-
duction (after Savu et al., 1987, completed).

1, Mures ophiolitic megaslab; 2, volcanics from the south-
ern volcanic arc; 3, Tithonian-Neocomian flysch deposits with
Late Kimmerian volcanics from the northern island arc, in-
cluding the Barremian-Aptian and Senonian deposits in the
northern imbricated marginal arca of the Mures Zone, in-
cluded into the Crig, Grosi and Highig-Drocea units; 4,
Barremian-Aptian deposits; 5, Tisa Unit; 6, Laramian vol-
canics and Tertiary deposits in the Lipugiu basin; TP, Tran-
sylvanian Plate; AMP, Apuseni Mountains Plate.

There are two more opinions concerning the tectonic
position and the origin of the Mesozoic eruptive rocks
in the Mures Zone. Thus, Cioflica et al. (1980) and
Lupu ct al. (1990) presumed a unilateral subduction
from the east and the ocean floor Liassic ophiolites and
the Late Kimmerian volcanics would represent prod-
ucts of an arc volcanisim, manifested on the Apuseni
Mts sial. Another model (Stanica et al., 1989, unpubl.
report) preseuts the tectonic position of the Alpine
ophiohtic rocks m the Mures Zone and the presumed
suture line of this zone, starting from a unilateral sub-
duction fromr west-north-west. The authors of the two
above-mentioned opinions have not taken into account
that within the Mesozoie eruptive rocks ("ophiolites™)
in the Mureg Zone they include both the Liassic ophi-
olites - ocean floor rocks ~ and the Late Kimmerian
1sland arc volcanics, rocks series which present differ-
ent geochemical and petrophysical characteristics.

II. SAVU, J. ANDREI

Gravity and aeromagnectic anomalies in the
Drocea Mts and their causes

The westernmost part of the Techereu-Cipilnag
Unit as well as its westward prolongation masked by
Neogene deposits of the Pannonian Basin have been
prospected gravimetrically in a detailed network (An-
drei, 1964, 1965, unpubl. reports) and aeromagnet-
ically in a research (Cristescu et al., 1964, unpubl.
report) and detailed network (Cristescu et al., 1972,
unpubl. report). The petrophysical study of the for-
mations occurring 1n this areal have been carried out
either on the occasion of gravimetric prospectings, or
within geophysical and geological-geophysical synthe-
sis papers (Andrel, 1969; Andret et al., 1970; Andrei,
Balan, 1978; Andrei et al., 1979; Andrei et al., 1984,
unpubl. reports).

The ocean floor and island arc magmatic rocks show
a significant excess of the magnetic intensity in com-
parison with the crystalline basement formations and
of their cover of Mesozoic deposits. Consequently, the
acromagnetic images reflect very well the location of
the Cépilnag-Techereu Unit. Usually, the structural
aspects of this unit are better cleared up based on grav-
ity images than on magnetometric ones due to a more
homogeneous distribution of the density of different
magmatic lithotypes of their magnetic intensity.

The main components of the occan floor magmatic
rocks show the following bulk densities: basalts - 2.82
g/cm?; tachylites and amygdaloid basalts - 2.70 g/cm?®;
basaltic pyroclastics - 2.60 g/em®; dolerites - 2.88
g/cm?; gabbros - 2.90 g/cm®. Therefore, the basic
intrusive bodies show an excess of density and mass in
comparison with the adjacent volcanics and they can
be rendered evident by gravity highs.

The Late Kimmerian island are volcanics (andesite
and basall flows - 2.65 g/cm?®; their pyroclastics - 2.55
g/cm?®) display generally a significant mass deficit as
compared to the subjacent ocean floor rocks. Conse-
quently, the thickening zones of calc-alkali volcanics
determine gravity lows. Also by gravity lows are em- '
phasized the Late Kimmerian island arc granitoid in-
trusions which penetrate the ocean floor rocks due to
the significant deficit of density achieved.

The magnetization inteusity of different types
of Mesozoic magmatic rocks which constitute the
Cipilnag-Techeren Unit show quite large variations
due to the ununiform distribution of the ferromagnetic
minerals (especially magnetite). For this reason some-
times no significant differentiations occur between the
average values of the magnetization intensity in differ-
ent types of rocks, the intraformational contrasts be-
ing more timportant. Such contrasts are determined by
the initial distribonion of magnetite but particularly by
the effect of the postumgmatic processes. In the first
case the excess of magnetization of the Ti-magnetite
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(x = 10000-50000 g CGS units) versus diopside gab-
bros (x = 50-500 g CGS units) has to be mentioned.

The postmagmatic alterations (autometamorphic
and hydrothermal) locally determine a decrease of
the magnetite content in the magmatic rocks by sul-
phidization or, in our case, especially by oxidation with
martite formation. Other autoinetamorphic processes,
such as uralitization or certain forms of chloritization
determine an increase of the initial magnetite content
in the magmalic rocks by the oxidation of the iron
released as a result of pyroxene alteration. Such pro-
cesses (especially uralitization) which determine the
formation of secondary magnetite seem to be more ac-
tive at the periphery and in the vicinity of the basic
intrusive bodies as well as around the Late Kimmerian
or Laramian arc granitoid intrusions which penetrate
the ocean floor magmatic rocks. These considerations
make possible a better understanding of the particu-
larities of the acromagnetic anomalics in the western
segment of the Ciipilnag-Techercu Unit.,

The Cuvejdia-Bruznic-Julita-Corbesti-Vorta-Teche-
reu-Presaca Ampoiului regional aeromagnetic anoma-
ly, sigmoidal flattened in shape, extending WSW- ENE
on about 135 km and about 25 km wide, is determined
by the ocean floor and island arc magmatic rocks of the
Cépilnag-Techereu Unit.
source was defined in the past as ”The ophiolitic trench
of the Metaliferi Mts” (Andrei, 1969, uupubl. report;
Andrei et al., 1975); at present it is known as the Mures
ophiolitic suture (Savu et al., 1987) or the Mureg Zone
(Savu, 1983). First of all, this regional anomaly speci-
fies the concealed western and eastern extension of the
Cépilnag-Techereu Unit. Also by its morphologic par-
ticularities the Cuvejdia-Corbesti-Presaca Ampoiului
regional anomaly attests the tectonic relationships of
the Capilnas-Techereu Unit with the Grosi, Crig-and
Bucium units of the Mureg Zone and suggests a sig-
nificant southward sinking of the magmatic rocks from
the Capilnag-Techereu Unit (Cristescu et al., 1964, un-
publ. report; Andrei, 1969, unpubl. report; Andrei in
Borcog et al., 1987, unpubl. report ectc.) below the
Tisa Unit (Savu et al., 1988 b) (Fig. 1).

In the westernmost segment of the Capilnag-
Techereu Unit two major gravity highs are found: (1)
Virful Magurilor-Troag-Julita-Bruznic-Labagint;  (2)
Cézidnegti (Tatiaroaia Valley)-Almisel-Corbesti-Cuiag
and one gravity low; (3) Bunea Mici-Ardeu.

The respective anomalous

(1) The major western gravity high, trending NE-
SW, north of the Mures, and ENE-WSW, south of it,
presents a lenght of about 55 ki, a width of 10 kin and
an intensity of about 15 mgal. This major gravity high
1g determined by the dolerite and gabbro masses from
the Julita-Virful Mégurilor and south of Bruznic (An-
drei, 196:1. 1965) situated in the sheeted dyke complex
(Savu in Savu et al., 1979, 1981) west. of the considered

region. Within this major gravity high the aeromag-
netic images show a complicated anomalous regime.
Thus, generally speaking, at the periphery of the ma-
Jor gravity high, aeromagnetic high are found and in
the axial zones at Julija-Tela-south of Ohaba Roméana
and south of Bruznic negative anomalies are observed.
The magnetic highs mentioned above are probably de-
ternuned especially by the uralitization processes. The
acromagnetic lows at Julita and south of Bruznic can
be partly assigned to some gabbroic bodies with a low
magnetite content and partly 1o martitizations, possi-
bly sulphidizations of the basic magmatic rocks deter-
mined by automectamorphic and hydrothermal alter-
ations (Andrei et al., 1979, unpubl. report).

(2) The eastern major gravity high Cazdnesti
(Tatdroaia Valley)-Alindsel-Corbesti-Cuiag-south of
Valea Mare (Plate), which is described in this paper,
has a NE-SW trending; it is about 25 km long, about
4 km wide and has an intensity of 5 mgal. This grav-
ity high is determined by a gabbroic intrusive mass
unitary at depth (Andrei, 1964, 1969; Andrei et al.,
1973, 1979, unpubl. reports). The gabbroic bodies
of Almdégel, Corbesti, Cuiag and Valea Mare repre-
sent culminations of the decp-seated intrusive mass.
The axis of the major gravity high Almasel-Culag is
closely correlated with an alignment of aeromagnetic
high mapped by a detailed network. 1t is only in
the areca of the Cuiag gabbroic body that the gravity
high axis is situated on an aeromagnetic low, due to
the diopside-bearing gabbros with a magnetite content
lower than that in*the adjacent basic rocks. The re-
spective magnetic highs can be partly determined by a
high content of primary magnetite, but they probably
reflect a martitization aureole controlled by exposed or
concealed gabbroic intrusions.

(3) The major gravity low Bunea Micd-Capilnas-
Vorta- \riden feast of the considered region) is deter-
mined by the obvious thickening of the Late Kim-
merian from the southern island arc of
This major gravity low intersects
obliquely the major gravity high Cazdnesti-Almigel-
Cuias, which indicates that the gabbroic intrusive mass
may extend south-westwards, below the pile of island
arc volcanics.

The Late Kiummerian granitoid bodies of Savirsin,
Cerbia and Pietroasa Ilill-Cazinesti (Plate) determine
strong gravity lows, conjugated with intense aeromag-
netic lows. On aeromagnetic images the gravity lows at
Savirgin and Ceerbia are bordered by rings of magnetic
highs, determined by the uralitization of the adjacent
ocean floor magmatic rocks.

voleantes

the Murey Zone.
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Structure of the ophiolitic slab in the
Cazinesti-Cuiag gravity anomaly zone

The ophiolitic rocks from the ocean crust fragment
situated at the lower part of the Cépilnag-Techercu
Unit belong to two complexes characteristic of an
ocean crust (Savu, 1983; Savu et al., 1981) as follows:
(1) the sheeted-dyke complex (O2) and the ocean floor
basalts complex (Oy). These complexes are penctrated
by the Late Kimmerian magmatic rocks and east of
Ilteu they are overlain by an outlier of Laramian vol-
. canics (60 Ma, Herz et al., 1974).

(1) The sheeted dyke complex is the lowermost com-
plex known in the Mures Ocean Crust. It develops in
the area west of the ocean floor basalts complex (Pl
and Fig. 2). This complex originates in a normal-
type ridge (N-type MORB, Savu, Stoian, 1988). It
consists 100 per cent of dykes of intergranular basalts
and dolerites with chill margins, with a NE-SW trend,
therefore at an angle of about 45° versus the present
elongation of the ocean crust slab and of the Murey
Zone ophiolitic suture, which in this area trends ap-
proximately E-W. It shows, beside the above presented
geophysical data, that the ophiolitic megaslab has its
own structure formed on the Mureg ocean floor dur-
ing the Liassic which differs from the structure of the
Mures ophiolitic suture determined by the subduec-
tion/obduction processes and by the Alpine tectonic
movenients.

The development arca of the complex is corre-
lated, as known, with the major gravity and magnetic
anomaly Virful Magurilor-Bruznic, wider and more in-
“tense than the Cazdnesti-Cuiag anomaly.

(2) The area of the Cazanesti-Cuiag gravity anomaly
(Plate) is overlain by the ocean floor basalts com-
plex (O)). This complex is more varied petrograph-
ically than the former. It consists mainly of basalts
in pillow lava f{acies originating in the basic lava flows
which were erupted ou the Mureg Ocean floor from the
spreading centre, where took place the ascension of the
tholeiitic magma (Macdonald, 1982) formed at about
100-125 km deep (Savu et al., 1981; Savu, 1983). Lo-
cally the basaltic flows are associated with basaltic py-
roclastics — especially agglomerates and volcanic brec-
cia or tacliylites.

In the middle part of the area overlain by the
basaltic complex is situated the Caz&nesgti-Cuiag grav-
ity anomaly (Pl.). This quite elongate anomaly is par-
allel to the normal contact between the two complexes
of Liassic ophiolitic rocks mentioned above. Two ma-
jor gabbroic bodies appear along the anomaly align-
ment: the bodies of Almisgel and Cuias, as well as
several smaller bodies of gabbros at Cadzanesti (Vata
valley) and south-east of Alindgel and a small peri-
dotite body situated north-east of Corbesti (Savu,
1962). These petrological relationships and the trend
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of the gravity anomaly parallel to the primary struc-
tural elements of the allochthonous fragment of Lias-
sic ophiolitic rocks show that this anomaly is deter-
mined by elements which occurred during the Liassic,
concomitantly with the formation of the Mureg Ocean
Crust. Taking into account the very small width of
the anomaly and the very great clongation it results
that this anomaly is determined by an insrusion with
a great dyke aspect (Fig. 2). This dyke occurred due
to the uplift towards the surface of the ocean floor of
the more dense materials from the upper mantle or
from the gabbro (Oz) and peridotite (O4) complexes
as a narrow (about 2 kin) and very elongated mtrusion
whose apophyses at tlic level of the ocean floor basalts
complex are represented by the mentioned gabbroic
bodies and the small peridotitic body of Corbesti, ex-
posed by eroston.

NV

Corbeasca Rosia
Valley Va{ley

Burguleu Valley

> 3000m ———————

[Fig. 2 - Hypothetical geological section through the Liassic
ophiolitic megaslab in the Cizinegti-Cuiag gravity anomaly in
the Colbesti area.

1. Ocean floor basaltic complex (O)); 2, sheeted dyke complex
(O2.): 3, gabbro-peridotitic complex (O3+04); 4, sedimentary
and metamorphic formations from the tectonic plates in the
north (Apuseni Mountains Plate) and the south (Transylva-
nian Plate); 5, collision zone (suture line); 6, apophyses of the

great dyke; 7, obduction and/or overthrust plane.

The small gabbroic bodies of C'8zanesti crop out on
the Vata valley. north-cast of Cizinesti, and on the
Ponorul valley, south-east of the locality. They proba-
bly represent sinall apophyses of the north-eastern ex-
tremity of the great dyke which determines the gravity
anomaly. The intrusive nappe of Cdzinesti-Ciungani,
located north-west of the gravity anomaly area, might
be generated by a dyke enrooted in the great dyke.
This intrusive nappe presents at the lower part a dis-
continuous level of ferrogabbros with vanadiferous Ti-
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magnetite (Cioflicd, 1962) like the other two major
gabbroic bodies in the gravity anomaly area.

The gabbroic body of Almasel represents, according
to its shape, a composite dyke, resulting from several
successive parallel intrusions of gabbroic magma. The
body consists of diopside gabbros, dolerites, ferrogah-
bros, olivine gabbros, gabbroporphyrites and albitic
granophyres (Savu, 1954, unpubl. report; 1962; 1986;
Savu et al., 1970). It is intruded by numerous hy-
drothermal veins of sulphides.

From thie gabbroic body of Cuiag, located in the
south-westernmost part of the gravity anomaly only
its north-eastern half is cropping out, the rest of it
being destroyed by the intrusion of the Late Kimmnie-
rian Savirgin granite and by the erosion of the Mureg
valley (Pl.). This body was also yielded by a dyke
of gabbroic magma which widened toward the upper
part like a trough with asymmetrical flanks (Savu,
1953, unpubl. report; Savu, Udrescu, 1967; Savu et
al., 1990). The main mass of gabbroic hody is mostly
constituted of diopside gabbros with a heterogencous
structure. This structure represents the result of the
”in situ” differentiation of the main tholeiitic magma
intrusion. Due to this gravity differentiation a dis-
continuous level of ferrogabbros with vanadiferous Ti-
magnetite formed at the lower part of the intrusion
and is found again on the north-western margin of
the body. The body was penetrated by small itru-
sions of melagabbros and olivine gabbros, troctolites
and hyperites. Some dykes are represented by albitic
plagioaplites and granophyres. The gabbroic body is
penietrated by mumerous veins and dykes of dolerites
and gabbroporphyrites. Hydrothermal mineralizations
are quite rarely found.

Metallogenetic aspects of the first depth step

The concentrations of mineral resources known in
the first depth step (about 350 m) in the area of the
Cazanesti-Cuiag high gravity anomaly are of two kinds:
(1) liquid-magmatic and (2) hydrothermal. These min-
eralizations belong to the metallogenic province associ-
ated to the Alpine ocean floor magmatisim iu the Mureg
Zone (Savu, 1972).

(1) The liquid-magmatic concentrations are repre-
sented by vanadiferous Ti-magnetite accumulations in
ferrogabbros levels formed at the bottom of the gab-
broic bodies by the "in situ” differentiation process
of the tholeiitic magma (Cioflici, Savu, 1960). These
concentrations are referred to the liquid-magmatic fer-
riferous district Drocea-Rogia Noud (Savu, 1972). The
iron and titanium concentrations are included in sev-
eral minerals which crystallized last from the basic
tholeiitic magma (Savu, 1973, 1986). The series be-
gins with Ti-magnetite and ulvospine] which have il-
menite exsolutions and continues with the formation

‘of ilmenite and rutile, the last mineral of the series

being sphene which is quite seldom found. These min-
erals form at different temperatures (Savu, Udrescu,
1967) depending on the gabbroic body crystallization
(see Table). Being the last minerals crystallized from
the magma they are usually anhedral and contain solid
drops of sulphides (Savu, 1973).

The Fe and Ti mineral concentrations in ferrogah-
bros are variable (Tab.) and it seems that they
pended first on the amount of magma differentini
and its oxidation degree (Cioflicd, Savu, 1960; Savu,
1986). There also vary from one gabbroic body to an-
other the TiO, and V4,03 contents in magnetite (Tab.).

The coutent of vanadiferous Ti-magnetite in the
Mures Zone ferrogabbros (max. 25 per cent at
Dumbravita) constitutes, for the time being, a prob-
lem as regards the exploitation of this mineral and
the extraction of its components. In Finland, at
Otanméki, the exploitation of metamorphosed gab-
broic rocks with vanadiferous Ti-magnetite and the ore
recovery for the final extraction of Fe, Ti and V started
after the Second World War. The differences between
the ferrogabbros from Finland and tliose in the Drocea
Mts consist in the different amount of vanadiferous Ti-
magnetite. In the first case, the average value of this
mineral in the rocks was more than 25 per cent in
1973, whereas in the Drocea Mts it hardly reached 15
per cent.

(2) Hydrothermal mineralizations occur along the
lngh gravity anomaly as numerous sulphide deposi-
tions, especially pyrite and chalcopyrite, some of which
were previously exploited (Transylvania and Tataroaia
mines). These mineralizations were determined by
postmagmatic processes which yielded hydrothermal
alteration processes. The rocks altered under the influ-
ence of this hydrothermal metamorplisin, later named
also ocean floor metamorphism, belong to three char-
acteristic facies (Savu, 1967; Coleman, 1977). All these
facies have been recognized in the gravity anomaly
zone, c.g. albite-epidote-amphibolite facies, green-
schists facies and zeolitic facies, characterized by the
following parageneses:

(1) Albite-actinolite (uralite)-epidote-quartz-calcite;

(2) Albite-chlorite-calcite-prehuite;

(3) Zeolites-quartz-calcite.

According to their position, the sulphide mineral-
1zations belong to two main types: (a) copper miner-
alizations; (b) pyrite mineralizations (Socolescu, 1944;
Savu, 1954, unpubl. report, 1972). The former de-
velop in the north-eastern part of the high gravity
anomaly, wliere they form a metallogenic field lying
between Cazanegti, Almigel and Corbesti; the latter
are more frequently found in the south-western part
of the anomaly wlere they form a metallogenic field
lying between Pietrig, Toc and Cuiag. The cuprifer-
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ous or pyritiferous characteristic of the mineralizations
from these metallogenic fields was determined by the
emplacement conditions of the host rock. The copper
mineralizations are connected with the emplacement
of the gabbroic bodies, whereas the pyrite mineraliza-
tions are correlated with the effusive rocks, which be-
long to the ocean floor basaltic complex (O,).
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pyrite-galena-tetrahedrite-oligiste-calcite- marcasite-
bornite-chalcosine; malachite and azurite occur in the
oxidation zone.

The paragenesis of sulphides with magnetite was
mentioned by Socolescu since 1944. The formation of
such a paragenesis was explained by Betehtin (1950)
by the change of the O and S concentration in the

\

Table

Ti-magnetite concentrations in the gabbroic bodies in the gravity anomaly zone and their

TiO; and V203 conten

ts and formation temperature

No. | Gabbroic body Thickness of the Ti-magnetite TiO, V2,03 Formation
ferrogabbroic level content temperature

1 CHz&nesti-Ciungani 30-40 m 5-15 % 7,2-12,40 % | 0,18-0.61 % | 850°-9507

2 Almisgel 10 m 10-20 %

3 Cuiag 8 m 10-20 % 5,04 % 790°

The copper mineralizations are spread around and
instde the gabbroic bodies, especially that of Almagel.
This body includes numerous low mineralized copper
veins in the Bélan Brook (Transylvania mine), Gura
Cailor, Ripilor, Butagului, Padinii Brooks, which have
been illustrated on the detailed maps of the region
(Socolescu, 1944; Savu, 1954, unpubl. reports) and
later explored by 1.I.L.G.S. (Popescu, 1969, unpubl
report). The mineralization occurrences are located
on two alignments situated along the N-W and S-E
contacts of the gabbroic body. Similar mineralizations
are more rarely found inside the gabbroic body as well
as outside it or iu farther zones, e.g. the eopper min-
eralizations in the Lupoaia valley nearby Rosia Noud
and those south-east and north-east of the body which
crop out along the gravity anomaly toward Cazinesti
and Corbesti.

The exploration works carried out by LF.L.GS.
(Corbu et al., 1969; Popescu et al., 1969, unpubl.
report; Gheorghitescu, 1970) and our observations
pointed out that on the north-western contact plane
occur mineralized veins with chalcopyrite and pyrite,
locally magnetite, in a quartz and calcite gangue,
which are associated in some places with chlorite, epi-
dote and actinolitic amphibole. On the south-eastern
contact the mineralization in the Gura Cailor Brook

_consists of magnetite, pyrite and chalcopyrite and it
is similar with that in the Lupoaia valley (Savu, 1954,
unpubl. report, 1972). The mentioned mineralizations
are characterized by two parageneses typical of this
metallogenctic field:

(1) Magnetite-pyrite-chalcopyrite;

(2) Pyrite-chalcopyrite.

After Gheorghitescu (1970) these mnain minerals oc-
cur in association with aeccessory minerals whicl crys-
tallize together with them as follows: quariz-magnet-
ite-hematite-pyrite-chlorite-epidote-sphalerite- chalco-

hydrothermal solution during the crystallization of the
minerals, according to the evolution of the Cu-Fe-S-O
system. In our case, if we consider the crystallization
succession of the minerals, it results that at the begin-
ning of their deposition there was a higher oxigen con-
cemtration in the solution which in tine became lower,
so that the sulphur concentration prevailed. These
processes took place at temperatures ranging between
210 and 230'C; correlated with the above-mentioned
parageneses, they showthal the copper mineralization
deposited in the first part of the mesothermal stage.

Hematite presence in the copper mineralizations as-
sociated with the Liassic ocean {loor rocks in the Mureg
Zone was also found in the Cyprus-type stratiform de-
posit of Patirg (Savu et al., 1982). It has been ascer-
tained that the presence of magnetite or hematite in
these mineralizations depended also on the depth at
which they deposited. In the Patirs mineralization,
deposited between the ocean floor hasaltic flows of the
upper complex (O;), hematite formed, whereas in the
Almaésel mineralizations, formed at great depth, at the
level at which the gabbroic body crystallized, mag-
netite formed.

The occurrence of Pb and Zn minerals in a reduced
amount is possible in the ore deposits formed in the
ocean crust, as it was the case of the Cyprus-type de-
posit at Bala de Aramd (Savu et al., 1985). Moreover,
the geochemical studies (Savu et al., 1981) showed that
the ocean floor basalts always include small amounts
of Pb and Zn, which can explain the formation of spha-
lerite and galena in the associated copper mineraliza-
tions.

The major copper mineralization in the Ahnisel
gabbroic body was at Transylvania mine, nowadays
closed, which is situated in the Balan Brook, at the
north-western contact of the gabbroic body. The
mineralization consists of veinlets and nests of pyrite
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and chalcopyritemagmatite in a kaolin gangue with
quartz, calcite, epidote and altered faldspar. Impreg-
nations of sulphides in the host rock are also found.

Another mineralization mined out in the past in the
northern part of the metallogenic copper field was that
at-the T&taroaia mine, represented by a NE-SW trend-
ing vein with a variable thickness. In tlie north-eastern
part of the metallogenic copper field Socolescu (1944)
mentioned the mineralizations in the Gruiu Valley and
some other occurrences, recently studied by Andrei et
al. (1984, unpubl. report). They are characterized by
the same parageneses as those mentioned before.

The mineralizations of pyrite and rarely of chaleopy-
rite are represented by isolated hydrothermal veins or
stockworks with quartz, calcite and zeolite gangue, sel-
dom in association with epidote, on the account of
which gossans formed. The most frequent mineraliza-
tions of this type occur in the north-eastern part of the
pyrite metallogenic field west of Pietrig, in the basin of
the Fugii and Siligte valleys (Pl.) where a wide zone
of gossan formed on their account, which was worked
out in the past. The chemical analysis of the ore in
the gossan indicated contents of FeqOz - 7-30 per cent
and FeO - 0.11-1 per cent (Savu et al., 1988 a, unpubl.
report). Such gossans are still found at Toc.

Metallogenic aspects of the sccond depth step

The mineralizations in the first depth step are known
on the basis of the direct observations, at the surface
or in boreholes and galleries; unlike them, the possi-
ble mineralizations situated at depth below 800 m in
the high gravity anomaly zone are only hypothetical.
A structural borehole south of Corbesti (PL.) might
clear up this problem. These mineralizations might be
connected with the lower part of the ocean {floor basalts
complex (O1), the sheeted-dyke complex (O2), possi-
bly with the gabbroic bodies, like those at the surface,
as well as with the deep-seated great dyke (Fig. 2)
which determines the gravity anomaly.

The possible mineralizations associated with the
first three ophiolitic rocks formation would certainly
display the characteristics of tlie mineralizations of the
first depth step mentioned before. The mineralizations
of the great dyke obviously depend on the characteris-
tics of the rocks forming it. Thus, the gabbros might
include concentrations of vanadiferous Ti-magnetite
beside concentrations of Ni-pyrrhotite in association
with chalcopyrite. Peridotites might contain concen-
trations of chromite, pyrrhotite and other Ni-minerals
and platinum minerals.

Conclusions

The Cazinesti-Cuiag high gravity anomaly in the
Liassic ophiolites of the Drocea Mts is determined

by a great dyke of gabbroic and peridotitic rocks,
situated at about 500 m deep. This dyke was in-
truded parallel to the sheeted dykes of the complex
Oy; its apophyses are the gabbroic bodies of Cazanesti,
Almaisel and Cuiag which are associated with vanadif-
erous Ti-magnetite concentrations (Fig. 2).

Along the gravity anomaly two metallogenic fields
with concentrations of hydrothermal sulphides have
been separated: a cupriferous field to the north-east
and a pyrite one to the south-west.

The cupriferous mineralizations in these metallo-
genic fields have been generated by post-magmatic so-
lutions released both from the rocks of the gabbroic
bodies and from the deep-seated magmatic chamber,
the origin place of the magmas forming the great dyke
and 1ts apophyses — the satellite gabbroic bodies.

Below 800 m deep there might exist both mineral-
izations similar with those found at 500 m deep and
mineralizations of Cr, Ni and platinic elements.

For detailed information on the structure of the high
gravity anomaly zone, tlie petrographic constitution of
the great deep-seated dyke and of its metallogenetic
implications a structural drilling has to be carried out.
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DEEP STRUCTURE OF THE INNER CARPATHIANS IN THE
MARAMURES-TISA ZONE (EAST CARPATHIANS)

Mircea SANDULESCU, Marius VISARION, Dumitru STANICA, Marcela STANICA, Ligia ATANASIU
Institutul de Geologie si Geofizicd. Str. Caransebes 1, 78 344 Bucuregti 32.

Key words: Tectonic units. Nappe. Faults. Mohorovicic discontinuity. Models. East
Carpathians. )

Abstract: The structural model elaborated based on the geological and geophysical data
in Maramureg and the Subcarpathian Ukraine reveals the existence of two consumption
. paleoplanes of the primary basements of the flysch and Pieniny nappes between which
lies the sialic block corresponding to the Median Dacides. The relative closeness of
the two planes suggests the more restricted initial width of the Median Dacides and
their transversal shortening. From W to E the blocks separated are characterized by
different thicknesses of the crust: 25-26 km, 3033 km and 50-52 km. The tectonic draft
elaborated reveals the marked bent of the Pienides in the terminal zone of the Gutii-
Maramureg determined by the Tertiary overthrust of the Inner Dacides. The separation
of the Bibesti-Tiacovo Nappe, consisting of Mesozoic formations and ophiolitic rocks,

and the prolongation of the Kricevo Nappe in Romania represent new elements.

The Maramures-Oas area and the Subcarpathian
Ukraine, situated south and north, respectively, of the
upper Tisa Valley, correspond to a part of the Inner
Carpathians realm. It is possible to distinguish a lower
tectonic stage (following Wegman’s deffinition), con-
sisting of the deformed Cretaceous and Lower Miocene
units (Inner, Median and Outer Dacides as well as
the Pienides), and the upper tectonic stage, consist-
ing of the Neogene molassic depressions and the Neo-
gene calc-alkaline volcanic arc. The aim of this note is
to analyse the correlation between the different Creta-
ceous and Lower Miocene deformed units and the deep
structure of the crust, taking into account the corre-
lation between the geological, drilling and geophysical
data.

The geological investigations in Maramureg have a
relatively long history. The latest information concern-
ing the lithostratigraphy of the Mesozoic and Paleo-
gene formations belongs to Antonescu et al. (1975),
Dicea et al. (1980), Sandulescu et al. (1982),
Sandulescu, Bratu (1984), Sindulescu et al. (1989a,
1991). The general structure of the area and the cor-
relations with the Ukrainian Carpathians are due to
Sandulescu (1975, 1980a, 1984).

Major contributions on the deep structure, partic-
ularly of the Neogene volcanics structure, have been
brought by gravimetric and magnetic surveys accom-
plished during several stages (Fotopolos, 1962-1970;

Cristescu, Stefdnciuc, 1968) by petrophysical studies
effectuated on different types of rocks and geological
formations (Botezatu et al., 1970) as well as by synthe-
sis works based on them (Andrei et al., 1970; Borcos
et al., 1979). On small areas the seismic surveys car-
ried out in the eastern part of the Pannonian Depres-
sion, in the Sighet and Viratec Mts-Rodnei Mts ar-
eas (Stanchievici et al., 1983; Ionescu, Popovici, 1979;
Milea, Popescu, 1988) have brought sound evidence
on the Neogene formations structures as well as a few
disparate data on deeper levels. The results obtained
have been taken over and reinterpreted within regional
studies based on the integrate analysis of the geological
and geophysical data (Visarion et al., 1979, 1988).
Several studies referred to the specification of the
position of the Mohorovici¢ discontinuity (Enescu et
al., 1967; Radulescu et al., 1976), the establishing of
the horizontal nonhomogeneities of the electric conduc-
tivity by the geomagnetic sounding method, the sim-
plified version represented by Wiese induction vectors
(Calotd et al., 1971; Soare, 1989); the particularities
of the regional flux (Veliciu, 1987), and the seismicity
of the northern part of Romania (Polonic, 1980).
Researches effectuated by the magnetotelluric
sounding method in the Mediegul Aurit-Remetea
Oagului-Cimpulung la Tisa profile provided new in-
formation concerning the deep structure of the area.
Their integration in the actual structural model al-
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