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THERMAL FIELD IN THE ROMANIAN CARPATHIAN BEND
AND SOME ASPECTS OF 1TS INTERPRETATION*)

MARIUS VISARION, SERBAN VELICIU, MIHAI STEFANESCU

Institute of Geology and Geophysics, Bucharest**)

Summary: Using heat flow and heat generation measurements together with deep seismic
sounding and gravity data, a reasonable geothermal model has been constructed for the Romanian
Carpathian Bend. At the level of the MOHQ discontinuity the calculated temperatures exhibit
conspicuous differences between inner and outer border of the Carpathian Bend and a horizontal

gradient of 200— 300 °C/ 100 km in the region is not 10 be excluded.

Accurate determinations of heat flow and systematic investigation of the subsurface temper-
ature distribution should provide valuable information on the internal processes within the Earth.

The amount of geothermal data presently available with regard to the tectonic complexity
of Romanian territory, does not yet allow for fundamental conciusions to be drawn. However,
the study of these data throws somec light on the structure and dynamics of the Earth’s crust
for a particular region like Carpathian Bend.

A geological cross-section (Fig. 1) is considered for this purpose, taking into account the results
of deep seismic soundings (International Profile XI). The section crosses a multi-confinium of the
deep basement (Fig. 2), corresponding to the boundaries of three distinct sub-units: the north-
western prolongation of the “Green shists™ unit (Central Dobrogea), the “Intermediate Block"”
and the Danubian Autochtonous (according to the tectonic map of Romania [3)).

The “Green shists” unit with the Upper Proterozoic flysh deposits behaved like an internal
non-rcjuvenated massif during Hercynian orogenesis. The north-western extension of this unit
is testified both by drilling data and by the presence of ‘‘green shists™ erratic elements in the
conglomerates of the Eastern Carpathians. The northern tectonic boundary (probably corres-
ponding to the north-west prolongation of the Peceneaga-Camena fault) was proved by deep
seismic soundings to have throws of 4— 5 km down to the Conrad discontinuity [1).

The “Intermediate Block™ has no outcrop, but its existence is assumed at the exterior of the:
Danubian Autochtonous. The lithostratigraphic constitution has been established from ﬂ!@" .

elements reworked in the outer part of the Teleajen nappe.

*) Paper presented at the KAPG Symposium on Geothermics in Liblice, November 1976
**) Address: Caransebes, 1; sector 8, Bucharest, Romania. -
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Fig. 1. Geological cross-section and the temperature-depth pattern.

. '1:?: fnal.n fcal'ures of'the Danubi:fn Autochtonous are the epimetamorphic rocks penetrated
Yvil“:.lle l:lru51ve bodics and.a sedimentary layer of Carboniferous-Cretaceous age.
undcr“cm“;)zc;ldrs:"u:d;:r“c;nsnderfmo?', lht? basement sub-units mentioned above, tectonically
Crystallinetomes n holdawdes units, known successively from West to East as: the
\'Oll;le Pty Mzo;]e, the Baraolt na;?pe, the Ceahldu nappe, the Teleajen nappe (*'Con-
Margina) fom,s i, eaﬁrz; m‘l‘ppc, xhs Auc?u} nappe (B}ack shists), the Tarciu nappe and the
anotber omwardlypp;\’émee x?appes exhibit a complicate Alpine structure, overthrusting one
volcanism alons de.c " 1cton|c movements were accompanied in the Pliocene by subsequent
According to d " eetom i d sci
(0 45 ki in ps eacse(;e)rsexsmnc sounding and .?c:lsmology, the MOHO discontinuity reaches up
negative gravity am:’mrcldpa.rt of the c.ross-sccuon and less than 37 km in the western. A typical
minimum o ocaag lhy Cm the Tegxon confirms the thickness of the crust [8]. An isostatic
dfc“mstances e oo .e arpathian foredeep where the sediments are 17 km thick. Under these
‘Sialic Roup i 'aucranomaly reflects both the effect of the thick sedimentary cover and the
Heat flow values rwS o Ifo_12 - 2
the inner border o thz;nger: ror.n 45 to 88 mW/m. clearly showing an increasing trend toward
' ogenic belt [10). The high heat flow in the Carpathian Bend overlaps
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an arca where the geoidal undulation has been reported as a depression. On a smaller scale this
may prove the correlation established between heat flow and gravity [11]).

The measured values of the surface heat flow, heat generation by radioactive heat sources
and thermal conductivity of rocks have enabled the temperature-depth distribution to be calcu-
lated by means of a computer program under the following assumptions:

— The analytical solution of the equation of hecat conduction can be greately simplified
assuming stationary conditions and a one-dimensional temperature distribution, i.c. temperature
depending only on depth [6].

— The model used takes into account the plane-parallel stratification where the source
strength and heat conduction is uniform within each layer [2).

— No dependence of thermal properties was considered in respect of temperature and p.ress.urc.

— Heat generation in the upper crust has been estimated from Iaboralor): determlnau-o:\ls
of gamma-ray intensity on the rock samples. Heat production of 0-47 nW/m* (1-14 x 10
cal/ch s) was used for the lower crust [4].
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Fig. 2. Schematic tectonic map of the Romanian Carpathian Bend.

The calculated temperatures are shown in Fig. 1. It should be mentioned that-a similar pattern
was obtained for the Soviet Carpathians in the same tectonic units [3). .

The most important result from the study performed is the existing temperature dlﬂ:;;‘:z
between the inner and outer part of the Carpathian Bend. The difference c<.)uld excelfad ! nm.
at the base of the crust and a horizontal gradient of 200— 300 °C/100 km in .th?,rcglon lzsxmlb
to be excluded. This supplies new evidence that the region is still tectonically “alive”, the acc "
lated tensions in the lower crust being probably released in shallow earthquakes. :

rae Studia geoph. st geod. 2‘(1

For data given by Winkler {12] regarding the phase diagrams of granite and me
shists, the melting point may be reached under the Eastern Carpathians at the de
Conrad discontinuity (Fig. 3). This process may absorb considerable heat decreasin

going heat flow. This fact could explain the relatively low value of only 88mW/m2 now observed
in the Eastern Carpathians.
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Fig. 3. Tempecrature-depth profiles in the Carpathians. (1. Minimum (T}) and maximum (7;)

temperature curves versus depth for the Romanian Carpathian Bend; 2. Temperature versus

depth for the Soviet Carpathians after {5}; 3. Phase diagram for granite and shists after [12};
4, Phasc diagram for basalt after [13)).

On the other hand, under the Eastern Carpathians the MOHO surface exhibits an undulation
which suggests the presence of a complex fracture which some authors considered to be of the
Benioff type [9). The pronounced scismic activily in the Vrancea region, with intermediate and
normal earthquakes has its main foci located along the fracture.

The Neogene volcanism in the Eastern Carpathians also provides arguments in this sense.
For the latest stage (Pliocen-Quaternary) the volcanological evidence [7] allows one to assume

that magma has risen almost vertical and has formed magma chambers at the level of the Conrad
discontinuity.

Received 5. 5. 1977 Reviewer: V. Cermdk
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GEOTHERMAL CONTRIBUTIONS TO THE HYDROGEOLOGICAL
KNOWLEDGE OF ORADEA AREA

by SERBAN VELICIU
Insinute of Applied Geophysics, 78, lzvor str.

.t

T.es prospeclions géothermigues, basées  sur des mesures de températures exéeutées
dans s sondes pen profondes. fournissent des informations sur la strocture géologique,
en particulier dans fes régions  glothermiques,

L'auteur préseate la méthode de prospection géothermiques, de méme que les résullats
du leve elfectné dans la zone Felix — t Mai, Les eésullats sont discutés en relation
avee les ¢léments géologiques of hvdrogéologigues considérds comne représentant la
cause des anomadies géothermigues,

The knowledge of thermal equilibrium in the earth’s crust makes
a large contribution to svne geological problems which are difficult to be
solved by the usual geophysical mnethods. From this point of view the
geothermal areas present o great interest for geothermometry as they
realize pronounced differences of temperature.

Geothermal rescarch nmay be used etther in deep heat sources in-
vestigation or in shallow sources investigation. For the first case a heat
flow study is necessary while for the second, a survey consisting of pre-
cise temperature measurements performed one-two meters heneath, is
snfficient (Mongelli, 1967). This kind of measurements could decisively
help the thermomineral water hydrogeology.

The geothermal prospecting has to take into account three essential
elements which determine the magnitude of temperature in the soil, na-
mely : the heat transfer frow the earth’s interior, the sun radiation and
the mechanism of heat transfer prevailing at the cartl’s surface (Poley,
Stevenink, 1970; Kremar, 1070).

The analvsis of these elements sngoests the possibility to outline,
by means of shallow temperature mensurements, loeal heat souree effects
as thermal waters civeulation in fanlted zones, oxidation of the sulphidic
mineral bodies, concentrations of radioactive minerals, ete. The sun ra-
diation effects as well as the disturbances produced by the transfer con-
ditions at the earth’s surface can be drawn out using methodology and
technics properly chosen.

A periadic source of two components is a good approximation for
sun radiation (Tihonov, Samarski, 1956). The diurnal variation of tempe-
ratuve hus a 24-hour period and it is practically attenuated in the first
two meters of the ground while the seasonal climate changing propagates
itself  as far as H0 meters deep.

Thernmal state below earth’s surface is also established by means
of numerous factors as topography, vegetation cover, moisture content,
soil colour, ete. The importance of their influence is difficult to be numeri-
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cadly appreciated, It is generally accepted that these undesirable features
may be eliminated by measuring tewperature at a depth of two meters in
the soil and, somehow, applying corrections.

In order to get available geothermal anomalies if; s necessary to
employ o high precision device suitable for field work. The Institute of
Applied Geophysics, Bucharest designed and built up an electronic ther-
mowmeter for geothermices which is able to measure temperatures hetween
4-5%and 4-60°C having in field conditions an accuracy betier than 0.1°C.

For geothermometry in short borcholes the measuring opera-
tion follows this procedure : thermo-sensing elements mounted at the bot-
tom of two-meter long probes are gol, down into the holes. Thermal cqui-
Iibrimm 1s reached after about an hour.

Geothermial survey that has been performed in the neighbourhood
of Oradea town hag as main {arget the prospection of warm mineral
waters.

From a geological point of view, the area under investigation is
gitwated at the Iimit hetween the Pannonian Basin and West Carpathians.
Mere the Mesozoic sediments and the erystalline Paleozoic rocks consti-
tute the baxement of the Basin and they underlic the Pannonian imper-
vious sediments,

Thermomineral widers acumulate themselves in the Mesozoie li-
mestones which are karstified and fizsured. 1t is supposed that the zone
supplving the water-heaving lavers is in the West Carpathians where Meso-
zoie limestones outeropping form a monoclinal structure cut by numerons
faults (Preda, 1971). The ]H(‘(‘Ipll ition waters being led to great depth
are heated at 70—80°C, owing to high temperature gradient (40-—50°C/
[kn). Through the doop faults \\]mh border the Iannonian Basin to
the east, thermomineral waters arize upwards. In some sites like Felix
and L Mai, the faults affect even Pannonian sediments allowing the hot
waters to appear as springs (Isteeescu, Tonescu, 1969).

For geothermometry an obsgervation niesh has heen chosen formed
of profiles spaced at 500 m, with 50 m hetween the measuring points
on each profite. Phis mesh covered an area of ahout 20 km?, -

The determined {emperature vahlies were corrected for seasonal
climate changes beeause the nmeasurements Jasted a few weeks. An em-
pirieal carrection was applied for influence of the vegetation, the transi-
fion zone hetween opened field and forest appearing in the lat eral distri-
Imimn of temperature.

Temperature values involve roi only tle regional field due to the
geological feature bat alko leecal fields as noizes. In order to cancel these
naises, one performed Fourier Analvsis and after that, a filtering opera-
tion has been applied on cach profile, nsing o mathematical low-pass
filter. So, anomalies as high us 3°C but extended in surface Iess than 200 m,
were smoothed.,

Muapping the smoothed values, the temperature distribution obtain-
ed is presenfed in Figure 1. For geological interpretation it is necessary
to take into account the physical intermediate by means of which the
geological features determine the temperature field at the earth’s surface.
In the investigated area, this intermediate is represented both by the ther-
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mal conductivify contrast among various kind of rocks and by heat rate
of thermomineral waters.

It is easy to note that hetter conductivity of the Cretaceous limestono
manifests itself as o vegional frend in tenperature values : the deeper the
top of limestone, the lower the temperature. The basement rising from

Y] as fdm

. S

(=

Figo 1o The temperature distribulion in Felix- 1 Mai zone, al o depih of Lwo meters,
fotrelaceons s 20 Pannonian s 2 Pleistocene and Holoeene ;1 faudt 3, geoisolhermal
line (%),

NW ro SE has been also indicated by electrie-resistivity prospecting
(Andriesen, Mihail, 1971).

Over the regional temperature trend are superposed high temperature
anemalies with magnitude as far as 3—1°C. The shape and distribution
of this anomalies suggest o faulting system cirenlated by warm waters.
According to the theoretic depth accepted for geothermal prospecting
(Poley, Steveninek, 1970), the fanlts have to reach at least 150—200 m
below ground level.
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Two maximum anomalies, situated near Felix and, respectively 1 Mad,
appear as the clearest. In the western part, a strong horizontal gradient
of temperature may be linked with a fracture that strikes into North-
South direction. The geothermal anomaly beside 1 Mad outlines an East-
West fault along Pela river,

Other positive anomalies could be generated by warm water acu-
mulated in fissared and karstified  limestone. A drilthole was located
south, on the anomaly rounded by geoisothermal line of +4°C. Below
140 my, this drill-hole has opened pervions layers with thermomineral
witer civeulation.

7 Although this work represents a first large seale application of geo-
thermometry in Romania, the following renarks should be mentioned :

a) it is possible and useful to employ geothermometry in short
boreholes for geothermal aveas;

b) this method offers o direct investigation of thermal waters, if
the water-bearing layvers are not too deep.

Received Seplembey 1oy 1073
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CONTRIBUTIl LA CUNOASTEREA TERMALISMULUI DIN
SUDUL MUNTILOR APUSENI SI BAZINUL STREIULUI

DE
SERBAN VELICIY

fastitutul de gealogic: si gédfizicd, str. Caransebes 1, Rucuresii

Emergentels de ape termominsrale de e ramsa siidicd a Muntilop
Apuseni si-din hazinul inferior al Streiului, cuncéscute.si utilizate in seopuri
terapeuticd (¢ foarte multd vreme, fac in prezent ohicctul unor intense
geologive, hidrochimice si- geofizice, in eadrul progra-
mlui de valerilicire energetici i resurselor geptermale. '
Lucrarea de fali reprezintd o sintezsd a rezultatelor studillor geoter-
mice ntreptinse in zonele Geougin-B

di, Bobilna, Rapoliel si Cilan, cu

O incereare de evalilare i putehtialului lor energetic.

MANIFESTAR] GEOTERMALE

~In regiunea stodiatii sint semnalate, ca manifestivi geotermale

de suprafafd, o serie de iviei de ape minerale ¢u caracter hipotérmal,

ot

la Geoagiu-Bai, Bobilna, Rapoliel %1 Cilan. La Bampotoc si Boi, unde
azi siot prezente izvoare firi earsicter termal, depunerile masive de tra-
vertin demonstreazd existenta, in Cuaternar, a unor izvoaré carbo-gazoase
cu debite si, probabil, temperaturi mai mapi.

Statinnea balneari Geoagin-Bii esté situais Pe un mare depozit
deé travertin. Sub travertin, forajele au intilnit éaleaie ¢ristaline apartinind
seviel de Rapolt card, in uncle locuri, suportd deasupra gresii §i micro-
conglomerate erethcics, )

Complexul aevifer termal principal este reprezentat de orizonturile
cn fisuri §1 goluri carstice ale ealearelor cristaline. A pelé termominerale,
datoritd earacteruldi lar artezian, alimentenzd atit nivele perméabile
ale Cretacicnlui, cit si travertinele, unde formeazi strate acvifere de o
impoertanti mal reduoss,

Ixploatares apelor t ermades- tient, inifind, de Ly sase surse uaturale,
A edror temperaturi nu depisese 32°C. In vederoa obifinerii unor debite
sporite, s-au executat gapte foraje, avind adincimi copringe intre: 30 sj
130 m *. Probele hidrogéologice au pus in evidentdl o puternied inter-
aciiune infre swisele din statinen Geoagiu-Bii. Din acestmotiv, in prezent,
nu sint exploatate deeit o parte din forn je, totdlizind, Inipreund cu izvoarele
captate, un dcbit de aproximativ 23 1fs

* Barbu, 1., Forije Ii'iiircgculogiccIa Geoafiu-Bii, Rapbrt, 1967, :\rh’iva TSFIE.
Bueurégti.

£T. CERG. GEQL., GROGR:, GLOVIZ., GEOTIZICA, TOM 14, NR. 2, B. 17§ —187, BOCURESTI. 1076:
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Pe Valea Bobilnei, amonte de sty sint semnalate citevd emergente
cu carncter hipotenmad *20 Tzvourele au un debit total de coe 37 1fs st
tempenrs vt de 20422400 Vadea, in acest loe, teaverseazd formatiunile
seriei cristaline de R qmlL st este colmatati ¢u travertin care ii conferd
o configuratic morfologici aparte.

in perituetrul satului Rapolel sila nord de acesta, apar din traverting
mai multe izvoare. Siaici, sub travertine, se intilneste cristalinul de Rapolt.
Tzvorul cel mai nnpmmnl gituat in p.ntm centralid a satului, furnizeazii
apd mineradd, cu un debit de cea 8 1= si temperatura de "4"(‘

. Apele termomineralizate de Ia Gilan, sint exploatate prin cele
sapte izvoare care apar in incinta parculuic Temperatuorile masurate
variazi intre 25 si 29°C.

Interpretaren datelor rezultate din andizele ehimice {tabelul 1),
astabilit ed apele termominerale de Ly Geoagiu, Bobilna, Rapoltel si
Cilan, xint de tipul carbogazos-bicarbonutat-caleic-magnezian, avind
formula ionich :

COL > €l > S04 sau COJE > SOT > Gl

Gt > Afgt bt > Nat N Cat+ . Nabt > Mgti

Corelarea rapoartelor ionice e temperatura este prezentadd in figura .

Atit probele recoltate din toruje, cit s cele din izvoarcle termale,
au o serie de caracleristict comune pentru intreaga regiune :

-- concentratin relativ mici a ionilor, reziduul fix oseilind in jurud-
A 70 mgl, exceptional ridicindua-se Ia 1,100 me/l pentru probele de la
Rapoliel; '

— preponderenta G i Mg fatd de alti cationi;

- confinutul ‘in €O, legat de activitatea post-vulcanicd w erupti-
vului neogen care se aflid in vecinitatea nordieit

— pil-ul aproape neutru, variind intre 7,5 si 6,5,

Faptul ¢ tipul de api este relativ acelasi, pentru toate manifestirile
termale de pe rama sudicd a Muntilor Apuseni §i bazinul inferior al Stre-
ilui, eonduce la ideca 1epu,zenta,tw1mm acestei wpe, pentru un qcclam
rezervor de adincime, situat in roci de tip earbonatie.

REZULTATE GEOTEﬁMOMETRICE $! INTERPRETAREA LOR CALITATIVA

Mctodiea de investigare a zonelor in stndiu, a fost selectatd, {inindu- se
seama de particularititile geologice, hidrogeologice i fermodm"urmu,,
proprii unor zone geotermale cu nmmlvst.uulc suprafaid (Kappelmayer
si Haenel, 1974). In conseeintd, misuritorile geotermice au constat din
determindri ale distributicd temperaturii, la adineimen de 2 m sub suprafata

“* Orasano, Nogi Anghel, O, Studii hithrogeologice si hidrochimice privind invenlarierea
apelor geotermale din Muntii Apuseni. Raport. 19740 Arhiva LGS MS, Bucnresti.
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CIRCULATIA APELOR TERMALE

Deoaréee sursa anomaldiilor geoterntice, conturate in partea sudicid
a Muntilor Apuseni si ih bazinui inferior al Streiului, este atribuitd activi-
tifii hidroténnale, trebiije deosebitd prezenfs unei cirgulatii regionale,
s 4 unei circulatdi Jocale i apelor termomineralizate, corespunzitor tipu-
Filor respective de anomalii.

B pful &1 arin de aflerare a depozitelor earbomuatice din Cristalinul
dé Rapolt s din Poiann Ruseld, pot constitut zone de alimentare pentru
apele de adincime din regiune, este demonstrat de datele geologice st
geofizice {Berbeleac, . 9{34- Uheprghin i eolab., 1962 Touesen si colab.,
Circulut ape edle asigurivd de relwtiva continmitate
ovizonturilor  earbin |11w in Tundamentul Dipreginnit - 8eréinlul. Din
punet de védere hidrogiéclogic, la seard regionald, complexul rocilor
Tilitice 81 al rocilor pmhmnh, vstv de astept: i 5 J.lb,l, 0] ]mlnli'.llnhL‘LtL
sedzntd, dar zone de faliere potl eonstitni el de civculatie.

Dapozitele erethvice s neogene, desi contin unelg orizonturi cu roci
avind porozitate remarcabild, in totalitated tor ele donstituic o'enverturd
impermeabili,

Tindid seany de ageste conxideratii, o fost, inm-g_j;in_ndifb 0 sc.h,énul
ipoteticd de cirenlatic 1 regional® o (ch]m sithlerane (fi;_r G). Conlinutul
ridicat in foni de Qo s fe\“lfr indreptiteste presupunerea unei circulatii
in orizenturile ¢aloitoase i doloniitice, cn o permedbilitite sectindard
datora fianpivii si fmwmvnvlm de (.uxilfl(ﬁme

S ueturd geolbfrich o regiunii‘indicd o afundare o depozitelor carbo-
natice pind I ddllll.lllll di ‘)(ll)lb—-.itl(){} m sidu chiar maimult. Cum gradientii
geatermici ,normali”, masuradi it reginne, sint de ordinnl a 25 —35°C{km,
temperatura apéi in adineiing ar puted atinge 60°C.

Gradientul hidrodinamic crest de structurd, en si amestecul apelor
reci ou cele calile, duce lo aparitia unor celule Jogale comvective, Dispozitia
spatiali si forma acestor eclule poate fi intuitd din censideratii termo
i hidrodinmmice, aplicate unor modele idealizite de clemente structorale
{monoslin faliat, sinelinal, ete.)

In unele loguri, unde situidin geolagicl particulard pesmite civenlagia
in eadrl ('Llllllll]l convective are lec in ciclu deschis, pe fracturi si‘se‘
\uicn i by supeat LLL pritt izvearele caracterizate de mineralizare
tormalitate moderstd, de la Geoagiu, Bobilna, Rapoltel si

Un model de celule «wonpveetive in eiclu deschis, deci unde exist:
un port de ape reel de suprafadit, o fostimaginad puntm statiunea Geodgiu-
B {flrr 57 \m. distribulie tewperaturii Ia 2m .ulmume ¢it §i Lempem-
tur apel din izvowre siforaje, indicd diveetia V—1I5 dé (,ncul wtie in calchrele
cristaline si depozitelé acoperitoare, iar datéle geochiniice §i forma anoma-
lici geatermice, sugereazi prezenifa a dowid eelule locale, legate de .doud
fadii, din care Ut wi atinge snprafata.
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ESTIMAREA BILANTULUI GEOTERMIC

Un  clenient il"ﬁ}{)‘(‘}l'l‘;x‘nt al investigril  geotermice, il constituic
estimarey cantitdfii de u-.‘xldur?i t:-m.n'spmr't--.ivl;ﬁv in diverse moduri din adincime
si digipatit Ta suprafad. Bilaninl geotérmic oferd nu miumai posibilitatea
aprecierii ordinulni de miirime al energiei teoretic implicite in zonele
geotermale respective, dar turnizeazi sl date tare, completate cu milsuritori

“ulterioare, pot evideniia efectul in timp a] exploatirii acestor zone asupra

activititii hidrotermale naturale.

Chile tf[i-i’;ez'it,ij prin cadé cantititen de efldurd provenitd din adinecime
este transportatdh spre supeafagh ¢ disipatd, aici; sint in prineipal nrmi-
tonrele '

— fluxul geoterimic conductiv prin rogi;

— fluxul convestiv prin trensportul apei

— pierderi de ealdurd prin evaporare si prin glvenarca apei termale
in depozitele superficiale.

.i)_mt‘m‘iiﬁ; faptulul ef forma anomaliilor geotermige locale din regiune
- -fost élar conturatd, este posibil ealeulul cantitdii de elddurd propagatd
condugtiv din wineime, pé anitatén dé timp & suprafati, care s justifice
amplitudinéa misuratit a anomalijlor respective (kappelmayer &t al,; 19?’4,‘{.

Cantitatea de edlduri transportatd covectiv, rezultii din consideratii
asupra debitulii §i temperaturii misnrate peonttu totalitatea surselor
de apd termald din suprafata cercetati. Totodatd, tinind seama de numéral
rurselor, pot fi apreciate pierderile de cildurd, en un procent aplieat
cantitifii de eilduridt transportats convectiv.

Analiza datelor bilantulni géetérmic, rezumate in tabelul 2, aratd
¢, in zona Rapoltel fluxul conductiv este aproape dublu comparativ
cu Bobilna si de;gﬁ;?ﬁgslte en mai mult de 309% valeareh cpleulat® pentru
zona, Geoagin-Bii -

Gr%ﬁLﬁ-ﬁ-l}e@ totalii de caldurd §i echivalentul energetic teoretic,
prezintd valori apropiate pehtrn eele tréi zone ( Bobilna, Rapoltel, Geoagiu),
dar trebuie {inut seama de aportul forajelor din zona Geedgiu care contri-
buie substangial la atingerea wnei valeri de aproape 1000 Kealfs.

Cifrele estimative mentiondte in tabelul 2, oferdi o primd idee.
foarte generald, asupra posibilitdgilor de exploatare energeticd a apclor
termale din partea sudicd a Muntilor Apuséni §i sugereazi faptul important
o4, aceste ape, chiar la adineimi mari, nu pot avea temperaturi foarte
riditate. '

Primit la redaclie
In” 10 ‘iunie 1976
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CONTRIBUTIONS TQ THE KNOWLEDGE OF GEOTHERMAL
MANIFESTATIONS IN THE SOUTHERN PART OF APUSENI MOUNTAINES
AND STREi BASIN

(ABSTRACT)

Detalied two nickers temperadure surveys and geochemical studies
were cartied out at (feoagia, Bohilna, Rapoltel and L!a,n The geotherma
regime ol the region has b:-uz studied stid conclusions have been drawn
regarding warm witier clrctlnpion. The deep reservoir temperatiure seems
to be¢ mumi o 60% i heat dischurge within ewch loeal anomaly is
TOU—900" Weallzec.




URIVERSITY OF UTAHN
' RESEARGH INSTITUTE
e - . . ... [EARTH SCIENCE.LAB.

Geothermics, Vol. 6, pp. 95-98.  Pergamon Press, 1977, Printed in Great Britain.

. PRELIMINARY DATA OF HEAT FLOW DISTRIBUTION IN ROMANIA
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Abstract—Heat flow values in 21 deep wells in various ;l:wlopc.xl units of Remania were abtained. Some

' correlations umong heat flow within the Moldavian platform (0-92-1-39 HFU). the Moesian platform
(1-06-1-86 HFU) as well as the Carpathian folded chain (1°12-2:25 HFU) and structural featurcs of these
major units could be established.

INTRODUCTION

Systematic investigation of the terrestrial heit flow in Romania not only concerns earth physics
but is also interesting today for more accurate interpretations of the origin of the geothermal areas
as well as the relation between temperature in the upper crust and ore and petroleum
accumulations.

Except for a few studics dealing with temperature or gradient within particular arcas (Paraschiv
and Cristian, 1973: Paraschiv et al., 1975: Veliciu, 1974; Visarion ¢t af., 1974), thermal properties
of rocks (Demetrescu, 1973) and u heat flow map using the unstabilized temperature in oil wells
and conductivity values from literature (Negoi(d, 1970), no attempt has been made in the ground-
based measurement of heat flow. The aim of the present study is to make an initial attempt at’
improving this situation.

GEOLOGICAL QUTLINE

FFrom a geological point of view Romanian territory is dominated by the Carpathian folded
chain and itsorelund. The forcland is generally divided into two regional tectonic units with'
busements of ditterent ages: the Moldavian platform belonging to the Epikarclian or Epialgomian
East-European craton and the Epihercynian Mocsian platform,

The Carpuathian chain belongs to the northern branch of the Alpine orogenic belt. The mountain
svstem (Eastern Carpathians, Southern Carpathians together with the Apuseni Mountiins)
surrounds a central depression (Transylvanian basin), the castern border of the Pannonian area
and i« continuous foredeep in front of the platforms.

Fuch of the above mentioned units revéals distinet tectonic features as shown on the tectonic .
map of Romania {Dumitrescu and Sandulescu, 1970) and some of them were discussed in the
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explanatory text for the seismotectonic map of Romania (Constantinescu. Cornea and Lizirescu,
1973). The following remarks are more relevant.

The Moldavian platform has a cata- and mesozone metamorphic basement covered by the
almost undisturbed sedimentary Lower Palcozoic, Middle Cretaccous and Neogene deposits.
Towurds the west and south the basement descends in step faults,

The Moesian platform has a heterogencous basement with the following sub- units: Scythian
Puleozoic pltform and North-Dobrogean Hereynian orogene, the “green schists™ unit with upper
Proterozoic flysch, the Southern Dobrogea and Walluchian zone with two tectonogenic stages
(chloritic-sericitic Precambrian schists and old Palcozoic folded marine formations). The
sedimentary cover is relatively thin and difTerentiated on cach structural sub-unit.

The Eastern Carpathians are characterized by a large development of flysch deposits and a
complicated Alpine structure with numerous “nappes’ overthrusting one another mainly
outwurds. Both the geological and geophysical dita suggest that the “nappes™ were generated by
underthrusting of the old Moldavian platform. A volcanic arc whose building began in the
Tortonian and concluded in the latest Pliocene, follows the northern and castern border of the
inner Carpathian zone.

The whole crystalline basement and the sedimentary cover of the Southern Carpathians were
overthrust by Austrian and Laramian movements into two main tectonic units: Getic “nappe’ and
Danubian Autochthonous. The Getic “nappe™ has a meso- and catazone metamorphic basement,
while the principal feature of the Dunubiun Autochthenous is an epimetamorphic basement
penetrated by granite intrusive bodics.

From the structural point of vicw the Apuseni Mountains are divided into two distinct regions:
the south-castern Apuseni (Mures Mountains) and the north-western Apuseni. Both are crossed
by Laramian “banatites’ in a volcanic facies and by Neogene volcanites,

MEASUREMENT OF GEOTHERMAL GRADIENT AND CONDUCTIVITY

- The 21 dccp wells listed in Table | were subjected to geothermal investigations. The wells wére
chosen in order ‘to—cov e_major structural units. The intervals of the wells, where both
geothermal gradient and associated heat conduTtivitywerc-determined—werc-also-sclected on the
busis of the typical litho-stratigraphic features of the geological units.

Table 1. Temperature gradient, thermal conductivity und heat flow values

Well Coordm.aln Elesabon Depth nterval Temperature Theemat Heat flow
Tat. N, fong. E. asld, of heat Now gradient conductinity
(m) determinatien (¢ m) fal, Cmg) HEUY (MW, m?)
{ard
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AN WCHS WIS LHermaily staDiZed and were IS undisturded 1or al feast Some moniis,
. Temperature measurements were carried out by means-of a depth logging electric thermometer
with an accuracy of more than £ 59, ]

Heat conductivity wus determined in the laboratory experiments using the “needle probe”
transicnt method (Von Herzen and Maxwell, 1959; Woodside and Messmer, 1961). Each wet
sample was measured four times, the differences observed on thermal conductivity falling within
£ 629 in respect of the average.

The results of gradient and heat conductivity measurements as well as the heat flow are given in
Table 1. No correction was applicd. -

HEAT FLOW

A relatively smull number of heat flow determinations with respect to the tectonic complexity of
Romanian territory, leads to a global interpretation only.

The heat flow values indicated on the map in Fig. | suggest possible correlations among some
thermally individualized arcas and major structural units, i.e. Moldavian platform, Mocsian
platform, Carpathian orogen (including depressions).

i T R T T T T T

8 L A R A
a° 22 23 24 25 26° 27 el
L

L 1 1 1 i

Fig. 1. Heat flow stations in Romania and schematic tectonic map. 1—limits of the tectonic sub-units. 2—"nappes”, 3—

heat flow values (ucal/cm?s). 4—tectonic units (I Moldaviun platform; Il Moesian platform: 1T Eustern Carpathiuns: IV

Southern Carpathians; ¥V Apuseni Mountains: Vi Transylvanian Depression: V11 Punnonian Depression: VIl Carpathian
foredeep).

The Moldavian platform is characterized by low heat flow (0-92-1-39 HFU) with an increasing
trend toward the Alpinc orogenic limit. The average of the values (1:05 HFU) ip this tectonic unitis
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slightly above the arithmetic mean (0-96 HIFU) calculated for the pre-Cambrian folded region of
Eurasia (Lubimova and Polyak, 1969).

The values in the Moesian platform can be grouped in two distinet areas: it western purt with
relatively high heat flow (1-66-1-86 HFU) and an castern one with lower heat flow (1-06-1-60
HFU). The average heat fow (1-34 HFU) is in agreement with the arithmetic mean (1-:60 HIFU) lor
the Hercynian folded region of Eurasia.

The Carpathian chain (including depressions) is characterized by heat flow ranging from 1-1210
2:25 HFU. This broad interval is a conscquence of various geological and tectonic features: the
crown-shaped structure of the mountuins surrounding the Transylvaniun basin, the large
development of Cretaccous and Palcogene flysch deposits, the presence of ophiolites and
important masses of Neogenc volcanites. The features mentioned are an expression of the peculiur
structure of the carth crust in the region where the Alpine orogenic belt comes in direct local
contact with the old cast-European craton.

The average heat flow (2:04 HFU) in the Carpathian orogen takes over the mean heat flow
statistically calculated for the Cenozoic folded regions of Eurasia (1:-80 HFU). An important
contribution to increasing the average comes from the remarkable hydrothermal activity in the
Pannonian Depression.

CONCLUSIONS

The geogruphic distribution of the heat flow viulues on Romanian territory reveals some
relations between the thermal field and the geologicul features of the major tectonic units, i.c.
Moldavian platform, Moesian platform, Curpathian orogen. So fur, the extent of the duta permits
only general considerations to be made and they cannot be considered as final.
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INDAGINI GEOTERMICHE PER LA RICERCA D! ACQUE TERMOMINERALI
. NELLA ZONA A NORD DI MANGALIA (ROMANIA).

4

RIASSUNTQ

Questo favoro & statd cSeguild’ per studiare, attravesso Vanalisi deile anemalie geotermiche superficiali, la
circoladioné sotterranca di acque’ termominerali in tocce calearge nelfa zona o nord di Mangalia (Dobiugia del
sud, Ré&mania), dove sono peraltro presenti alcune munifestazioni :;upt.liu,mlL

Nella zona in istudio & stiia eseguilta uni Scvié di misure geoicrmiche superficiali, disposte su due profili
lunghi rispettivamente ¢irea 1 km e 7 ki, di cui. vengong ripartate Jo tecniche adoperale ed i risultati ottenuti.

Lungo i plollh eseguitl sono stare individuate le anomalie di temperatura, sia positive che negative; la cui
interpretazione, in relazione ai dati gcologici di base, ha peimesso di logalizzare leé zone di frattura, che cost-
tuiscono gli assi drenanti per i flusso delle avque termeominerali sotierranee.

SUMMARY

This work has been Carried oui in order 1o study., by means o geothermal anomalies investigations, thé
thermomingral groundhwaler Now m Himestones.in the- area north ol Mangalia  (Southérn  Dobrogia, Roumania),
where there ave some swrface phenomenn already indienting its presence.

I this arck a sevies of deothormal saperficial measurements disivibuted on two. profites about 1 km and

7 km respeerively long, hog been executed, and the thecnigues and ihe resulis are here présented.

Along these profiles positive and nepative’ tempirature ¢ andmylies have been Iucalimcl and their interprela-
lien, in conncetion with geological dati. @llewed ihe identilication of the [raciure zoncs, representing the- drainage
axis 1dr the thermomineral graundawicr low,

Tiifroduzione imente soticrrangg per queste acque. Qiu}sm ricerca
rivesie anche pmllwlarn inferesse dal pumo di wvista

L'obicttive della ricerca & sito quélla di studiaie ccoriontice, in quantd una conoscenza pit dettagliate

la circalazione, soltevvands di aéque wrmali atiraverse permelle un i "9_,3!0”3"3 »5ff,'_-‘[tf—1“19n153. [11‘3”3 rsorse,
lanalisi delle anomalie  geotermiche  prodoite, sugli f;f.)ns_cnl_eqdo di st:'fibmrc con ctileri geqlo_gqci e gEOﬁSFCI
strali superficiali, sia il perimetro di protezione idrogeolegica del bacino,

. L e e sia Tesatla uhicazione dei punii pitt idonei pér ese-
La zona in esamc, g Nord di Mangalia, & nota . W T - o o
. A PR ter o guire le_perforazioni necessarie per 1o sfruttamentd.
infatey per 1@ presenza di acque termaninerali a bassoe O _ I_'_ . fologiol . ‘h
erore 1ermico. Le condiziont gcomor elogiche ed lvd!.pgu,ologm, € a
nord di Muangalia ¢i hanno Permesso di eseguire sol-
tanto due profili gcott:mnu il primoé lungo circa 7 km:
ed il sceondo, alllincivea pdralielo al primo, lungc
circa 1 km.
* Istituto di Geofisica Mineravin - Universith di Pulermo. Le ricerche eséguile haing inolire consentifo di
** Institutul de Geologie si Geofizica - Bueuresti. meHere o punto € Collaudare un'apparecchiatura, ap-

Sie cergato di mettere 1 evidenza i) sistema di
fratiwre che cestiiuiscono le vie prefetehziali di scor
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7 positamenic proglilata ¢ costrutla presso Pistituto i

Geologia ¢ Geofisica di Bucarest, che si & peraluo
rivelata perfetamente adaua allo scopo.

e misure sul 1erreno sono state oseguite nel mese
di setembre 1973,

Lineamenii geologici
La zona di ricerca, sitvata a Novd di Mangalia sul-

ta costa occidentale del Mar Nevo, apparticne all'unith
geologica della Dobrugia del Sud (ligg. 1 ¢ 2).
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Fig. 1 - Phimimewria Jdella zona in istudio.

Questa uniti (ONCEsCU. 1963), costituita da depa-
siti epicontinentali mesozoici ¢ werziari, con tettonica
plicativa leggera o assente. ¢ caraticrizzata da piceoli
spessori ¢ da lacune di sedimentazione,

Essa giace come copertura sopra un hasamento
paleozoico ripicgato. entro cul i sondaggi meccanici
hanno cvidenziato deposity siluriani ¢ devoniant,

11 Mesozoico ¢ rappresentato da un'ahiernanza di
depositi di tipo calcareo ¢ calcarco-deiriticn. con una
successione incompleta.

Il Giurassico, per la mancenza di dati palcomole-

gici non & staiv ancora suddiviso. Nel Cretacico sono
siati trovali depositi appartenenti al Barremiano, Al-
biano. Cenomaniano ¢ Scenoniano.

I depositi sarmaziani, che afliorano nella zona sia
nehle valli principali che nella falesia del Mar Nero,
coprono le arenaric coceniche ed i caleari oligocenici.

Il Quaternario ¢ rappresentato da argille rosse e
verdi coperte da depositi colici, nonché da depositi
marini,

Dal punio di vista strutturale (CHiriac, 1961) ali
studi geologici hanno cvidenziato nel Mesozoico la pre-
senza di una tettonica plicativa con piccole pendenze e
con piceole discordanze angolari,

I'movimenti (ettonici avvenuti in questa regione di
piattaforma sono da considerarsi in complesso di tipo
epirogenctico.

Lincamenii idrogeologici

Le perforazioni escguite nel Sud della Dobrugia
hanno messo in luce Pesistenza di un importante strato
acquifero nella formazione cristallina ¢ nei depositi
devoniani. giurassici. cretacei, cocenici, sarmaziani e
guatcrnari (PrRicajan, 1972).

Nella zona dit Mangalia i depositi palcozoici ac-
quileri sono stati intercettati da un pozzo artesiano che
fornisce acqua minerale alla temperatura di 26° C. 11
pozzo n. 5082 ha incontrato tre orizzonti litologici, a
profondita comprese tra 579 e 1203 m, appartenenti
probabilmente al Devoniano. Dalla litologia degli oriz-
zonli devoniani intercettati a Mangalia & stata riscon-
trata una scarsa ¢ non uniforme fessurazione che con-
sente la presenza di strati acquiferi con ridolte pos-
sibilith di sfruttamento (circa 0,74 m*/h per I'orizzonte
nermeabile situato a 676 m), ma le acque che si ac-
cumulano hanno caratteristiche artesiane (13,5 m so-
pra il tivello del suolo).

Dal punto di vista idrochimico le acque degli oriz-
zonti dcvoniani sono di tipo salso-solfatico-alcaline (Ca-
STANY. 1963; Desio, 1973) con una mincralizzazione
di 1.87 = 3.37 g/1.

Ad csempio unanalisi tipica ha dato:
(@ 120 w1 by [RAE Y] .\'IIJ 0,001 g/l Fe 0.000Y g/

SO, 0015 e/ L 0.0001 g/t Na 1.0 gn HLSIO 001 g/

\'(), e, HCU‘ 0.86 g/t Cu 0.06 g/t Mg 0,02 g/

e acque termominerali sotterranee delle formazio-
ni appartenenti al Mesozoico ed al Terziario vengono
accumulate nei livelli permeabili del Giurassico, Cre-
tacico ¢d Eocenico: e profondith alle quali sono stati
reperit questi orizzonti nei pozzi n' 5081 ¢ 3082 sono
state schematicamente riportate in fig. 3.

I Giuvassico ¢ cestituito alla base da caleari are-
nacei falvolta marnosi. seguiti da marnocalcari grigi
cd. infine. da uno spesso pacchetto di calcari dolomi-
tici fessurati,

N Cretacico ha alla basc calcari bianchi fessurati
c. nella parte superiore, sabbie pili o meno argillose.
I depositi cocenici, i spessori ridotti, sono costituiti
alla base da arcnarie glauconitiche con mummuliti e
sopra. da calcari con intercelazioni argillose.

’



sia dalle acque (Ermali accumulate negh ori

|yil10r511iziilzi§)11c di sotfuri polimetalliei, In presenza di
minerali radiocattivi,
A Mangalia queste

sorgenti Tlocali sono geacraie
zzonki su-
perigri che dadli cireolizonds dellaequar atraverse e
Matture.
 La possibilitit di evidenziare guesie sorgenti {evini-
che toedh esiste solo quando, per a teenicu dimidsera,
adoperata e per il nictodo di processare 1dali, & pos-
sibile separare gli efferti perurbator dovul a Teno-
meni. locali scconduri che condizionano il Musso di
calore alla superficie, del suole, 11 regime termico nelle
immedidte vicinanze del suolo dipende infaiti anche
da questi fattori se¢andari che generalmante pon pos-
sono essere espress in manidrd quantitniva precisa, C
dipendono dalla topogralia della regivne, dal grade
di coperlura vegetale, dal contenuio. di umidith nel
suoly, dal cdolore dél-Suolo, ecc..

Linfluenza di i parte di questi fattorl si pro-
lunga, nel tempo (lipidi fenomeni «d ietpo di rilasg

. . o

g, 4 - Preparazione dioun foro v cui deve wonire
introdoug Polemenio reeninsensihile,

saniemo »), éd il senso della lorg aziong pud cambia-
re i funzione delliorarie o della stagione,

Le ricerche teoriche ¢ I ogsérvazioni pratiche hao-
no indicatg che lesccuzione delle miswe di lempera-
turg ad una profondita di circa 2 m ngl terrene. cli-

I T

mina la maggior parte délle perturbazioni determinate
da .questi fenomeni locali secondari.

In pratica le wisure della temperatura sgno stale
eseguite mtroducendo nel tevicno da indagare un cle:
menlo formosensibile, montalo su wn'asta lunga 2,2 m,
in piccoli puzzetti ottenuli per mezzo di un motoperfora-
iore (fig. 4), '

1 termomietro ulilizzate & stato progetiate ¢ co-
struito presse Istituto di Geologia ¢ Geofisica dii Bu-
carest (a sinistra in fig. 5).

Questo geetermometro funziony in linea di princi-
pio comie up ponte di Wheatstone: che ha sy uno dei
bracci un (ermistore. La sua precisione di misura & di
‘0.1°C ed il range di misuva 0 — 30°C, in dieci -scale.

Fig. 3 - Termomeiri utilizzati per 'esecuzione délle misare

{a sinistra) ad un lwermomerrd di Cosiruzione te-
duesca o destrat.

Dopo wirora dal posiziongmentd degli elementi ter-
mosensibili {Pequilibrio termico & raggiunto. in meno
di un'ora) mediante Papplicazione del termometrp ven-
gono misurate le tempefalure, ¢he in tal modo non

3 0f:;}pm‘-ézzaibi]mcnlc alierate dalle variazioni climati-
che diurne,

Poiché |u préspezione sul terreno necessita abinial-
mente di wn periode di qualche settimana, si deve pro-
cedere ad una correzione per 'influenza del cambia-
menie annuale del elimea,

L puniti di avisurh, distanziati tra lovo di ehéa 30
;1‘1, sono siat Jocalizzati su due profili osservabili in
. 1.

T2
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Fig, & - Prafild geotermico -0 la cui ubicaziong ¢ seguait
mali. Anomulie positive © pepiniveg 3i possong
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Fig: 7 - Prolilo geoteimico 1-14

' mali i 1emperatura.
L’orientazione dei aitjﬂt' &ostta determinata dalle

condizioni gmmonfologmh csistenti nella regiong,

S
Risultali oitenuti g loid mterprétuzione

[n base ai daii delle nitsure, epporlunamente: cor-
rettcs sono stati costruiti i profili geolerniici presentati
nelle figg, 6 e 7.

Questi profili pongono in evidenza Vesistenza di
ur’anémalia di lemperatura lungo il limite del literale,
come anche ad Ovest della zona di palude.

Sono state considerate anonwialie’ positive i valori
di t temperatura magggioi‘i di 19°C, valdri normali {per
il periodo in cui & stato cseguito il lavoro di campagna)
quelli compmsm tra 17°C ¢ 19°C.. | valovi di fempera-
tura pift bassi di 17°C SON0 stati considerati anomalic
negative,

Nell'interpretazione dei risultaii
termica & necessario lengre in considerazione, cdme
in tufti 1 metodi geofisici, it paramebg fisico con il guale
le eterogeneiti presenti nel sottosuglo. stabiliscono una
certa distribuzigne di campé di temperaiura in su-
perficie,

in quesic caso il paramélro & t‘ﬂ]’jpnsuﬂh{d cal
confrasto tra le conducibilitd dei diversi tipi di rocce,
& tale contrasto si presenta in special madg netle zone
di faglia. A cid' si soviappone il flusso di calore pro-
dotto dagli accumuli di acqué ermominerali.

Le (e zone i .anomalia positiva (fig. 1), la prima
a Nord ed a Sud di Aurora, la seconda a Sud del
pozzo n. 4076 ¢ la teiza ad Qvest delia deudL, Mair-
galia, suggeriscong. 1o presenza di dna Circalédzione di
acgue iermali attr AVerso. una, zona di frattura. Que-
sta mterpretazione € stata determinata anche dall*am-
piezza ¢ dalla Torma cavatfevistica della variazione di
temperatura nella zona in esame.

f cui ubleazione & scgnats in fig.

della ticerea gea-

1. Lo Fascin wa o duE livce iraltegpiote comprende i valori nor-

Se si oconsidera \a profondita e le modalith di ese-
cuzione ndoperaie, si pud caleolare che le faglie de-
vono m.unlca!am f!no ad una profonditd i almeno
100 m dalla superlicie del suclo: il tetto della faglia
dovrebbe quindi essere compreso all'ineirca eiitre que-
Sto Bpessore.

In fig. -1 ¢ost sdno staie indicale con tratteggio due
faplic che rippresentane lintérpretazione geologica dei
risultati otienuti: la divezione délle faglic ¢ peraltvo in
buon accordo con il sistema di fratiure caratteristico
riel Sud deélla Dobrugia.

Anché in fig. 2, nel profilo gcologmo schematico,
& stata segnata, a sold tilolo indicativo, la faglia in-
lerpeetata, che risuita circa perpendicolare, oltre che

@i due profili geotermici, anché a quello gcologico

Conclusiéni

Le ricerche eseguite nel quadro del presenie Javoro
hanno dimostrato da una parte la capacitd del metodo
per lindividuazione di Zéné preferenziali con cirgola-
zione di acque termali, guando le strutture idrogeolo-
giche interessate non sono mello profonde, dall’altra
hanna portato elementi nuovi per una interpretazicng
idrogcologiva coerente del regime delle acque termo-
minerali in- Dobrugia del Sud.

Sono- state cosi individuate, delle zong pit liinitate
in cui & possibile uno sfruttamento razienale di queste
risorse a mezzo, di perforazioni dppartune,

Liwvers lo sfruttamento investe. problemi ¢he suldno
dallg scopo, di questo Tavoro, tuttavia un ulteriore stu-
dio di maggior dcttaglio, eseguito accoppiando diffe-
fenti metodi geeelettrict. (RApuLestu & ArosrToL,
1975) con una campagha di ‘prospezienc geochimica

sulle arce di anomalia gid localizzata, potrebbe lornife

Ta pitt proficua ubicazione dei punti di perforazione.
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