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Summary: Using heat flow and heat generation measurements together wiih deep seismic 
sounding and graviiy dala, a reasonable geothermal model has been constructed for the Romanian 
Carpathian Bend. Al the level of the MOHO discontinuity Ihe calculated temperatures exhibit 
conspicuous differences between inner and outer border of Ihe Carpathian Bend and a horizonlal 
gradient of 200—300 "C/lOO km in the region is nol lo 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 conclusions to be drawn. However, 
the study of these data throws some lighl 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 o( Romania [3]). 

The "Green shists" unit with the Upper Proterozoic flysh deposits behaved like an internal 
non-rejuvenated 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 norlhern 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 thc^ 
Danubian Autochtonous. The lithostratigraphic constitution has been established from the^ 
elements reworked in (he outer part of the Teleajen nappe. 
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Fig. 1. Geological cross-section and ihc temperature-depth patiern. 

The main features of the Danubian Autochtonous arc the cpimetamorphic rocks penetrated 
by granite intrusive bodies and a sedimentary layer of Carboniferous-Cretaceous age. 

Within the area under consideration, the basement sub-units mentioned above, tectonically 
underlie "Dacidcs" and "Moldavides" units, known successively from West to East as: the 
Crystalline-Mcsozoic zone, the Baraolt nappe, the Ceahlau nappe, the Teleajen nappe ("Con
volute flysh"), the Macia nappe, the Audia nappe (Black shists), ihe Tarcau nappe and the 
Marginal folds nappe. The "nappes" exhibit a complicate Alpine siructure, overthrusting one 
another outwardly. Neotectonic inovements were accompanied in the Pliocene by subsequent 
volcanism along deep faults. 

According to deep seismic sounding and seismology, the MOHO discontinuity reaches up 
'o 45 km in the easlern part of the cross-section and less than 37 km in the western. A typical 
negative gravity anomaly in the region confirms Ihe thickness of the crust [8]. An isostatic 
minimum is located in the Carpathian foredcep where Ihe sediments are 17 km thick. Under these 
arcumstances the isostatic anomaly reflects both the effect of the ihick sedimentary cover and the 
•Sialic Root" with lows of 10-12 km. 

Heat flow values range from 45 to 88 mW/m^ clearly showing an increasing trend toward 
toe inner border of the orogenic bdt [10]. The high heat flow in the Carpathian Bend overlaps 
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an area where the geoidal undulation has been reported as a depression. On a smaller scale this 
tnay prove the correlation established between heal 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 compuler program under the following assumptions: 

— The analytical solution of the equation of heat conduction can be greately simplified 
assuming stationary condilions and a one-dimensional temperature distribution, i.e. lemperalure 
depending only on deplh [6]. 

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

— No dependence of thermal properties was considered in respect of temperature and pressure. 
— Heat generation in the upper crust has been estimated from laboratory determinations 

of g.-imma-ray intensity on the rock samples. Heat produclion of 0-47 pW/m'' (1-14 X 10" '^ 
cal/cm'' 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 pattem 
was oblained for the Soviet Carpathians in the same tectonic units [5]. 

The most important result from the study performed is the existing temperature difference 
between the inner and outer part of the Carpathian Bend. The difference could exceled 200°C, 
at the base of the crust and a horizontal gradient of 200-300°C/100 km in the region is nol 
to be excluded. This supplies new evidence that the region is still tectonically "alive", theacctnnu-
lated tensions in the lower crust being probably released in shallow earthquakes. 

m o Sludia geoph. et geod. 22 f '^ 

For data given by Winkler [12] regarding the phase diagrams of granite and mei 
shists, the melting point may be reached under ihc Eastern Carpathians at the del 
Conrad discontinuity (Fig. 3). This process may absorb considerable heat decreasing 
going heat flow. This fact could explain the relatively low value of only 88m\V/m^ now observed 
in the Eastern Carpathians. 
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Fig. 3. Temperature-depth profiles in the Carpathians. (1. Minimum (T,) and maximum (r, ,) 
temperature curves versus depth for the Romanian Carpathian Bend; 2. Temperature versus 
deplh for the Soviet Carpathians after [5]; 3. Phase diagram for granite and shists after [12]; 

4. Phase diagram for basalt after [13]). 

On the olher hand, under the Eastern Carpathians the MOHO surface exhibits an undulation 
which suggests the presence of a comple.'c fracture which some authors considered to be of the 
Benioff type [9]. The pronounced seismic activily in the Vrancea region, wilh inlermediate 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-Quatcrnary) 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. 
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GEOTHERMAL CONTRIBUTIONS TO THE HYDROGEOLOGICAL 
KNOWLEDGE OF ORADEA AREA 

by SERSAN VELICIU 

InsiaiiLc ol Atiplied Geop/iysics, 78. Izvor sir. 

T.cs pi;i),spccrriMi.s j,'collurriiif|iics, b.i.sccs ,siir des iiicsiircs dc leinpiM-nliircs cxccutccs 
(laiis i/i.-s somk-s peu protoiides, fournissciit des iiifnriiiatioiis siir l-.i slnitliin- gcoloijitpic, 
cu particulicr <i-.tiis h-s rO.niiiiis jfciillicrmitnics, 
l,.'autciir pi-(!scnli- l:i iiu'lluulc dc pnispcclioii ftcfiljicniiiqiics. dc iiiciiic que k-s rcsiill.Tls 
du leve cffccliu; <l:iii,s l;i ziiiu: l-'cli,s — 1 M;ii, l.cs rc.sirll.il.s ,SIMI1 di.scult-.s cn rehilicii 
tivcc les 6lciiicnls f;ci)lii.ui(Hivs ct liydriiiii'-olDflkiiU'S coiisitlcri'',^ t-oiuiiic rcprescnlniil la 
ciiiisc des ;uuiuuilii's i^Oiillicriiii(|Ucs. 

„ s 

The knowlctigc of llicniiitl cfniilibriiiin in llic c:irt]i",s cnisl: makes 
a kirge coiui'ibulioii to .some geological problems wliich are cliffieiilt to be 
solved by the ii-sual ^'eo]i]iy.sicaI metliochs. From tliis ptiiiit:. of view the 
.iicolhenn-.il areas ]iro.>;(Mif a, great intorof l̂' for gtMillioniiometry as they 
lealizc proiioiiiH-eil ilifferoiu-ei? of lein])eraliire. 

GeoMieritial researcii may be used cil.her iir dee]) heat .«<ource.s in
vestigation or in shallow sources investigation.For the first ease a heat 
flow .study is necessary while for fhe second, a survey consisting of pre
cise tem])eratiirc measurements performed one-two meters bencatih, is 
sufficient (iMxmgelli, lOliT). Tliis kind of meastirements could decisively 
help the thermomincral water hydrogeoiogy. 

The geothermal prospecting has to take inlo account three essential 
elements which determine tlic magnitude of tcmpei'ature in tihesoil, na
mely : tlie heat transfer from the earth's interior, the sun radiation and 
the mechanism of heal transfer ]irevailing at the earth's surface {Foley, 
Stevcnink, 1070; iCrcmar, :1070). 

The analy.sis of these elements suggests the po.ssiliility to outline, 
by means of shalhiw tempcralure. measiirements, local iieat source effects 
as tliei'inal waiers (irculal ioii in faiillcfl zones, o.xidation of the sulphidic 
mineral bodies, concentrations of radioactive minerals, etc. Tlie sun ra
diation effects as well as the disturbances produced by the transfer con
ditions at the earth's surface cau be drawn out using methodology and 
technics properly chosen. 

A periodic source of two components is a gooil appro.ximation for 
Sun radiation (Tihoiiov, Wamarski, J.9.">0). The diurnal variation of tempe
rature has a il-hmir period and it is practicall.y attenuated in the first 
two meter's (if the ground while the seasonal climate changing propagates 
itself as far as 50 meters deep. 

Thermal state lielow earth's surface is also established by means 
of numerous factors as topography, vegetation cover, moisture content, 
soil colour, ct,c. The importance of their influence is difficult to be numeri-

Kcv, Koiun. 0«ol, GSoplirs. el Cf-iwr,- ca:oi'HVSlOUi;. IS. 81-Si. Kucarest. 1674 
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(•ally iijiprct-ialcd. I t is generally accepted that these undesirable features 
may be eliminaled by measuring tempcralure at a deplh of two meters in 
the soil and, .siomchow, applying corrections. 

In order to get available geothermal anomalies it is necessary l;o 
cni]iloy ai high ]irccision device suitable for field work. The Institute of 
Apjilied (Icophysics, Bucharest designed and built \i]) an elect^ronic ther-
iiiuiiicter for geothermics which is able to measure temjieraturcs between 
-1-5°and -•-f>0°C having in field conditions au accuracy better than 0.:L°0. 

For geothermomefry in short boreholes Ihc measuring opera
tion follows t;his procedure: thermo-sensingelements mounted at the bot
tom of two-meter long probes are got down into the holes. Thermal ccpii
librium is reached after about an hour. 

Cleothcrmal survey that has been performed in the ntiighbourhood 
of Oradca town has as main target the proi?])Cctiion of warm mineral 
waters. 

From a geological ]ioint of view, the area under investigation is 
sit uat ed at the limit between the Fannonian J^a.sin and West Carpathians. 
Here the >lesoz(iic sedimenis and the crystalline Faleozoic rocks consti
tute Ihc basement nf the 'Ilasiii ami Ihcy underlie the Fannonian imper
vious sediments, 

Thermomiiicial Avaters acumulatc tliem.selves in the Mesozoic li
mestones which nrc kaj'Stified and fissured. I t is supposed that the zone 
supplying the Avater-bearing layers is in the West Carpathians Avhere Meso
zoic limestones outcro])]>ing form a monoi-liual structure cut by numerous 
faults (Freda, .1971). The precipitation Avatcrs being led to great depth 
arc healed at 70 —80T-, owing to high Icmpei'ature gradient (',10—50°C/ 
/km). Through Ihc deep faults Avliich border the Fannonian Basin to 
Ihe east, thermomincral Avatcrs arise ujiwards. In some sites hke Felix 
and 1 .Tilai, the faults affect cv<>n Fannonian sedimenis alloAving the hot 
Aval ers lu ajipear as springs (lst(!ces(-ii, lonescu, liKiO). 

'.\:\<r geolliormonictry an observation niosh has been (-liosen formed 
llf ])rofiles .spaced at 500 m, Avitli 50 m between the measuring points 
on each pi'ofile. This nie.sli covered an area of about 20 km-. ' 

Tho, determined temjierature values Avere corrected for seasonal 
climate (-haugcs because the measurements lasted a few weeks. An cm-
jiirical (-orrectioii Avas ajijilied for influence of the A'cgetation, the transi-
lion zone bclAveen opened field and forest a]ipearing in the lateral distri
bution of lemperature. 

Temperature A'ahies involve i.i't only Ihc regional field due to the 
geological fcalure but also local fields as noises. In order to cancel these 
noises, one performed Fourier Analysis and after that, a filtering opera
tion has been applied on each jirofilc, using a mathematical low-pass 
filter. So, anomalies as high as ^^C but extended in surface less than 200 m, 
were smoot lied. 

.Maj.vping the smoothed Aalues, tho teiiiiicrature distribution obtain
ed is presented in .Figure 1. For geological in1er]iretatio]i it is necessary 
to take into account the ]ihysical intermediate by means of which the 
geological features determine the temperature field at t.he earth's surface. 
In the investigated area, this intermediate is represented both by the ther-
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mal conductivity conti'ast among various kind of rocks and by heat rate 
of thermomincral waleis. 

I t is easy to note that belLer conductivity of the Cretaceous liniestono 
manifests itself as a regional trend iu temperature values : the deeper tho 
toj) of limestone, the hnver the temperature. The basement rising from 

I'ii;, I, Till- l i-ii ipi-nilurc d i sh i l iu l idU in l-'i-li,\- 1 ,\hii zmif, ;il :i dciil l i (if Iwci iiicli-rs, 
/, r,|-cl:ici-iius : -, l ' :uiniini:ui : •'.', I 'K-MIK-I-IIC :in(l I liildcvili-; 1, fiiiill, ; --J, ;^(-<)i,sollH-rni.'il 

liiu- ("C). 

>.'AV to SF has liceii also indicated by electric-resistivity prosiiccting 
(Andriescn, ,"\liliail, 1!I7I). 

Over the regional temjierature trend aresu]ieijio.sed high teniperature 
anomalies with magnitude as far as 3—l^t.-. The shape and distribution 
of this anomalies suggest a, faulting system cit'culated by Avarm Avaters. 
According to Ihe theoretic depth accepted for geotihermal prospecting 
(Foley, Steveninck, 1070), the faults have to reach at least 1.50—200 m 
beloAv ground level. 
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Two maximum anomalies, situated near Felix and, respectiA'ely 1 ]\[ai, 
appear as the clearest. In the western iiart, a strong horizontal gradient 
of temperature may be linked Avith a fracture that strikes into North-
South direction. The geothermaJ anomaly beside I Mai outlines an East-
West fault along Fe^ai river. 

Other jiositive anomalies could be generated by Avarm water acu-
mulated in fissured and karstified limestone. A drillhole was located 
south, on llie anomaly rounded by gcoi.sothermal line of +4''C. Below 
140 m, this drill-hole has opened pervious Liyers with thermomincral 
wdter circulation. 
'f Although I his Work njjiresenis a first large scale application of geo

thermometry ill Fomaiiia, the following remarks should be mentioned: 
a) it is Jiossible and useful to employ geothermometry in short 

boreholes for geothermal areas; 
b) this method offers a direct investigation of thermal waters, if 

the water-bearing layers are not too deep. 

lUccivi-il Sc|iliiiil>ir l c , liiT.'t 
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CONTRlBUTfl LA CUNOA§TEREA TERMAUSMULUI DIN 
SUDUL HUNTILOR APUSENI SI BAZINUL STREIULUI 

DE 

5ERBAN VELJCI.U. 

h i s t i l i i t i i l d c g e o l d a i c t f i gcoflziciS, s t r . Coronscbe.^ 1, l i i i c u r e s t i 

.Emciwuiele dti ape tijrmoiniiierale de pc rama siidica a MuiHilor 
Apuseiii si;(lm baziiiul iufciipi-a] Stnyului, Gun(Jscute\si ufciliiate in scoijuri 
tera,peutiG«( dc toarte niulta, vreme, fac in jDVezent obidCtul uiiOr- intense 
iuA'c«tigat;ii; hidroguologice, hidrochimice f̂ i- getjfizice, in cadrul projrra-
iniikii de A'atorificili'C encrgetica a resurselor gcoterinale. 

Luct-area, de i:a(ii rciirezinta o sintez-i: & rezultatelor -studiilor geoter-
iiiHlB intrepnnse m. zonehs Ceoagin-lilii, Bobilna, Eapolf.el si Galan, cu 
•o luceicare de cvaliiaic a putciitiaiului lor ener"-(iti(^ 

MANIFESTARI .GEGTERMALE 

• In fegmiiea, studiirfa siiit seuinfiltLte, ca niatiifestari geotennale 
de suprala4^a,_ o sene^ db iviri ric ape mineralc cu caracter hipotermal, 
la treoagiu-fSat, Jjpbilna, Eapoltel si Calan. La Bampotoc si Boi, unde 
azi smt^prezonte izvoare faira .earacter teiTiial, depunerile masive d& ti-a-
A-ert^iTdemonstreaza 9X!Stenta, in Cuatcriiar, a unor izvoare carbo-gazoase 
cu dcbite Sl, jirobabil, temp(?ratui-i, inai mai'i. -. - • & 

Statiuni^i baJnearii peoa-giu-Eili .este situata pe xiu mare depozit 
de travertm. Sub travertin, forajele au intilnit calcare Gristaiine apartinind 
serie] de Baitolt care, in uncle locuri, suporta deasupra mesii si micro-
con glomerate cretacice, 

C6mple:cvil acvifcr termal principal eSttj reprezent;a,t de orizontvirile 
cu fisuri ffi goluri carstice ale calcarelor cristalinte. Ajjclc tennominerale 
datorita GaFacterului Itfr artezia^n, a,limenteaza atit iiivele pefmeabile 
alii i-retacicuhii, cit si tra\^ertitiele, unde formeaza sferatie acvifere de o 
imi:)prta.n.(;ai .Ilia 1, redirsa, 

; .iixploatarca a,:palur 1crrua.lcs-a:^faiviil^ uritial. do la sâ su surse naturalc 
a caror tcmpBra,turi nu tlcjiasesc 32^0. Itr vedeA^a obtineni anor tlebite 
sporite, s-aii execiitat Sapte fora,jo, aA înd fidiucuni cuprinse intre^ 3f) si 
.liip m . Pipbcle hidi^doi9gie(j au. pus in evidcuta: Q putferniCa mter-
acyimemtmsurseledin stnfiniien Geoagiu-Bfii. Din accstmotiv, in prczent 
nu'Siirt exploarare decir o partpdiivfoi'lTJe, totaJizind/iniprcuna cu iivoarele 
Gaptate, mi debit dc a.proxiinTitiv.->.^ 1/s. • ' " 

* Bnrl^u, 
iiiiciirc^fi. 

1,, FiJt-iije tilili-oaccjlogicc la Gto:) i ; i | i -B^i . B a p h r t , 1067, A r h i v a ISFU^ , 

ST. CEHC. f;.EOL.. dKClClE;, OEOFIZ., CEOFIZICA. TOM W.,XR,.2.,P, I79-1B7, imClJRE!3TI..1076^ 
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Tc \'alc;i Kohiliici, aiiiiiiilr dc s;il, ,-;iiil ,sciiiiialaLc cilcvn (,',mergcnte 
(ill (-.aiacler hipnlcimal **'. l/.vo-.irclc aii uii dcbil total de cca :M l/s si 
temperal.uri dc I'll-- '- 'rO. Valea, in acc.sl Ioc, iravc.r:sea/,a form ala uii ile 
seriei cri-^talinc. dc .Uajiolt .-̂ i este colmalata cu travertin care ii confera 
tl configiiratic morfologica ajtarlc. 

in [jciimetriil .salnliii U'.a])oH,cl sila nord dc acc.-^la, apa rd in travertins 
mai mnltc i'/.voare. Si aici, sub travertine, se intilnestc cristaliuiilde Eapol t . 
Izvorul eel mai important , si tuat in pa.rtea centrala a. satuliii, furnizcaza 
apa minerala, cu uii debit de cca 8 l/.< si temperatura de 24°(.-. 

Apelc tcrmomineralizale de la Calan, .<<int cxploatatc piin cele 
ijapte izvoaic ca.rc. a.par in incinta paiciilui. Tcmiitu'a.turilc masiirate 
v-ariaza intrc I'.'i .si 29°0. 

Int.ci'prctarc.a. datelor rczultatt^ din analizcic chimice (labelul ,1), 
a stabili t ca apelc termominerale de la (icoagiii, Bobilna, Kapoltcl si 
Gfilan, sinl dc lipid carbogazo.s-bic,arbonatat-(-alcic-magncziau, avind 
formula ion ica : 

CO.II > C, 1- > SO ' 

(•.:i ' •'• > Mfj-i- '• > . \ a - i -

saii (:().,ll > SO' > c i -

,sau C a ' " . -Na '- > .Mg' 

(,'•010 hire a rapoarlclor ioiiii-c t-ii temperatura c.-<lc. prezcniata in figura 1. 
Ati t probcle rccoltate din forajc, cit si (clc din izvoarelc termtile, 

au 0 serie de caracleristici comniic peiilru intreaga rcgiiiiie : 
-- conccntrat.ia rclativ mica a iouilur, rezidiiiil fix o.sciliud in juruf" 

•a Tad mg/l, c\'(-eptional ridicindu-se la. 1 . UU) mg/l pcnt-ni luobelc de la 
Kapollcl ; 

— prepoiidcrenl.a Ca si .Mg fa(.a de a,ltii ca t ioni ; 
— cont-inutui in 00,j , legat de act ivi tatea post-viilcanica a erupti-

viilui ni>.ogen care se atia iu vcciniltatea nordicli; 
— pfV-ul aproapc neiitrii, variind int-re 1 ,'> si ijji. 
Eap tu l ca tipul de apa este rclativ aeela.si, pentru toate manifest-arile 

trcrmale de pe r ama sudicil a Munfilor Ajiuseni si bazinul inferior al Stre-
iului, conduce la ideca reprezentativitatii acestei ape, jientru un acelasi 
ivzci-vor de adiiicime, sil uat iu roci (\c t ip carbonatic, 

REZULTATE GEOTERMOMETRICE ?! INTERPRETAREA LOR CALITATIVA 

.Mctodica de invest igarc a zonelor in stiidiu, a fo.st sclectat.a, t i u indusc 
sca,ma dc particularitati le geologicc, hidrogcologice .si tenriodiuamice,' 
proprii iiiior zone gcoterinale cu mauifestari dc su|irafa\a (Kappelraayer 
si Haenel, l!i7-l). In conseciiUa, masuraturile gcotcrmict; au constat din 
determinari ale distribiiliei lemperaturii . la adiucinica dc 2 m sub siiprafata 

•*' Orfi.saiiu, N. î .•\uf4l1cl. O, Stiiciii liiilni.L^eold.yiee ,vi lii(li-cielilriiicc privliul iiivenl.Trierea 
npelor jlcDleriiiale din Mun\ii ,\puseiii, Hiiimrl, 1071. ,\i-liiva I , ' . 'K1 ' ,S ,M,S , Buciiresli, 

.^liiii l l^ 
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TERMALJ.'SWUL DIN MU?<TII .^i'U.SEMl ?! B.^ZINUJ-. STHEiy.Ly (, ISl 

CIRCULATIA APELOR TERMALE 

Deoarccc' sursa anoiualiihir gedtenuice, oonturate iii partea sudica 
a Muntilot' Aj}ii.seui î iiv biiziuui inferior al Streiului, este atribuita activi-
tat-ii hidi-otemiiale, trebiiie dcosebitfi prezcni^a unci cimuhiitii regionale. 
si a linei cii'C,ulal.ii localti a, ape I or terinoiniBeralizate, corespiinzatjoi' tipu-
rilor respective dc •auiimalii. 

is;tpt:vd cai a.ria de afloran; a deppzitelpr carbpnatice din Cristadinul 
de Rsypdlt si din Poia,ua Eusca,, pcit ctinstitui zone de aUivientare pentru 
apele'ile adinciuic din regiune, este deraQnstrat de datele geologice si 
gtiofizice {B<irbclea.e, JpO'i ; Ulvetjrghiu si colab., •t!)62 ; lonescu si colab., 
.Ifffl/ij- (.•ircnlatia accstor a|)c estic .asigiiratri: tfe rchiitiva continuitate a 
orizjijnlnrilcii' Carbbiia;l:rice in I'uiidanieutul Pi'piestunii Btireiidui. Din 
puMut de V (id eie liidrogedlogitj, la scarai regiiinala, cont plex id rociloi' 
ilii lice si aJ i-ocilqr porfii'Oide este de a.s:fepta,t sit a;iba o pcriu(;abilitate^ 
scaziita, dai ;:oiic dc ,fa,l'iere pdl. constitui cai dc ^ î̂ •cndatie. 

"lOcpozitiile (a:etiici(ie si neogene, desi contiu unele prizoiitiiri cu roci 
aviiu! pcu'ozitate renlarcabila, in "tolMitatea lor ele (ionstitiiieo'cuverturft 
iiiipeniieabna. 

Tiniitd sca.uiai dc a^'cste cnusidet^atii, a fosti iniaginata o schema 
ipotctica de circaila.Hc icgionala a apelor siibteraiic (fig^ 6), Cou|,iiiutul 
lid icat in iotii tie Ga, si Mg, indrepiateste presupunen;a. unei circiilatii 
in orizoiltiirile calCLUXiase si d'olomititic,. ,cu o perineabilifjatiC secunilara 
datprata fisurftrii si fenoinenelor de carstificare, 

Sti'ucttira. geblbgiea a i-egiiinii indica o afufi'dat'e a depozitcloi carbo
nat i<;e pin A la adiucinii de 200(1 —30(Jt) m sau chiar mai-inult. Cuni gnidientii 
geotcMiiici ,.uOj'jnali", inaSsurat;.! in regitme, sint de drdiivu! a 35—35°C/lim, 
tchipera,tura apei in adiiiciiiiii a.:- ptitea iiitiitge 60°0. 

Gradicntul liidrpdinain'ic creat de structnt'a, ea si amestcout ajielor 
icci Cli (icle cahle, diice la apiiritia, unor eelxdc locale cpnvpotive. Disppzit^ia 
spa.tiata si forma act'stor ecluic ppato fi i.ntni:t;a din considera^il termo 
si hidi-odi.nainice, a-plicatc unor ni(>d,eh' ,idealtza,te de eleiiu'ut'e structurale 
(mouoclin I'a.jiat, siniiJiMa,!, (de.,) 

in uncie lo.curi, unde situ.atia getplogica partic-ulai'a jjcrmitc. circulatia 
in c,adiiil celulelgr cquvix;ti-ve' are Ioc in ciciii deschis, pc fracturi §i se' 
ev,alc:n'tiaza. la- su,pi;;i,fat;a prin iz\'par(de caracterizate de .mineiMizare 
.ifidvisa si tei-Tvi.a]il:ai,e uip;den'Ht;aj dc la Gcoag:iii., Jiobilna, Eapol:(;ijl î 
Galan. 

'U,n model de eelulc •coii\y:?ctive in cichi dcscliis, tileci nude exista 
un ivpoi-t-dc ape retii dx.'. supra.l'a^a.,,afost.imaginatp,cntru sliatinnca Ceoagiu-
Biiii (fig. 7). Atit distributia tiiiii]:)craturii la 2-m adiiicime, cit si tempera
tura. ajiiei d.iii izvpare stforajc, indicia.directia V—E dc citcula^ie in oalciTirele 
ciisfcalirie si depozitele acopcritoatCjiar da;tc!e gedchidxicS; iji f orma .anoma-
lici gedtcriniee, sugoi'eaza pit'zen^a a dbua eel ide. locale,^ legale de -dona 
fatii, diircarC'inuiiiai una atinge,supiTifa\;a. 

C, 1471 
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ESTiMAREA BILANJULUI GEOTERMIC 

3̂ 

Un cleniont iinpoit,;uit, aV iiwestigaiii ijeotei'mice, il conatituie 
(?stiinarea oantitfi-tii dp caUlura transpoitata in diverse mod uri din adiuGime 
si di^ipata la. suprafa^j;. Bilan till gfjotermic of era iiu numai posibilitatfea 
aprtiGierii bi'dinulvii de mariine; al tiiici;giei tc^retic implicate iri zonele 
gcoiewnalerespective, dar furnizeazaRld-atec-are, completatecu Hcasuraitori 

• 'vilt^erioai'ej pot &vid.entia ufectul in timp al exploatSrii acestor zone, asupra 
f activita|;ii hidrptiamale uaturale, 

Caile diferitii prin carti cantitatea dc tialduia provenita .din' adineime 
este transport:ata sspre suprvifa,t;a si disipa-til aici, sint in principal urma.-
itjartjle; 

— flvixul geoterniie coiuluctiv pvin rot;.!; 
— fluxul coiiveCit?iv priu (vianspai1,-nl apei ; 
— pierderi de caldum priiv cvaporare si prin d''eiiafrca apei t(jtinale 

in depozitcl(^ superfieiale. 
,i)atprita faptidui m- forma anonuiliilor geotcrraij;* localti din reginne 

afOKt tlar coiitiu'aia, este posibil eivlc-ulul caiitita;l;ii de eahUiril propagate 
conduptiv din vixlrii(;ime, pe .unitafijti de tiiiip si suprafa^ia, eai^ sa jMstifice 
mnplitudinea nivtsurata a.anomaUilor respective (kappeteiayer et al.^ 1974ji. 

CiuUitatiea d:e G'aidiira traii.?port'at'^ .covectiv, rczultS. din considei^tii 
usupra debitului KI tcmpcfaturii masurate pcnti-a totalitatea surselor 
de apa termala din siiprafata cercetata. Totodafca, |;ihind scama de numeral 
.surselor, pot fi apreci-ate pici-derile de ciiUluPilt, ca un pt'occat aplicat 
ctvDtitafii de ealdura transportJvtia coiiveetiv. 

Analiz-a clattjlpi' bilan,t,alui geoterrtiie, rezuiiiate in tabelul 2, ara t i 
(ia, in zona Eapoltel fluxiil conductiv este aproape dubki comparativ 
cu Eobilii-a .̂ i depasj,e!|.t:e evi inai mult de 'S()% valnarca calciilat'Si pentru 
'/,epa Geoagiw-B4i. 

Gantitate-a totivla de caldura sji at3hivaleutul energetic teoretitj, 
prezinta v-alori apropiatepMtru cele trei zone (Bobilna, Rapplt;;,el, Gepagiu), 
dar trfebuic I'iiuit .w-ania de aportul forajclor din zona Geoagiu care coutri-
buie substantial la atiugGrea unei va,lori de aproape 1000 Kcal/s. 

Qifreltj estiim-ative men1j.idnsi,te iii tabelul -2:, ofeiS o pritnS. idee. 
fo-arte generala, asupra posibilitS.tiIor de; cxploa.tare energetlGa a apelor 
termale din partea sudicS. a Muntilor Apnselii î siigtjreaza faptul impoi:tant 
c-i, aceste ape, chiar la adinciirii inari, nu pot avea temperaturi foart-e 
riclicate. 

Pri mit la rcdaclie, 
la 10 'illuie 1976, 

^^MjM^--:, 



I.'') •ri';K.\i,-vLi'SMUi. DIM MOMru iVi.'U,'3i-;̂ u ."̂ i i:i:v-/r.risiJL s'l-nr.nji'.ui !S7 

BIBLIOGRAFIE 

.•\R.\\iai. t;.-.si Cdlati, (IjlTii). Prul i iui i iar i i .^liitlij on the H u t : Ue'illiennuL 'i 'lojccl. 'ticoUuM'mic.'.' 
(.siJcciiir -ikiiie.. j J ) , i'i.sii ( I tuK' ) , 

l.)i;liiii-,i.t;..«i'.. I, (Iflfi-l), OejCL'fiin" ijcnUiiiic't. si /I'dritfii-af-i-i. in (-.i-ialnliniii iiisii!_ci ric, Rcipnll. D , S_ 
lUitii. (.li-ol, - X l . t X , t:iiieuiU'.¥,li'-

'l ini-:oi;ui i iu t.'.. i'] u i l a l i , ( l i i l i J j , , ikili- nol iisu/jrii s lnicl i i r i i hii-iiiiihii inferior ul •Sii-e'iuhn cd. 
reznltiii nl ct^rceli'iriliir iinili/r/ice si jicffi-.icc. -Au-. (•om. ("leol. . X X X I I . I3uciiri;.5_ti, 

lii.s'Kscc. I-'. ,•>-! eulalt, (19(1:!), i 'on{ribii(ii In lUiiifHi^lt'reii fi i i idanlculuiiii c i i s laUh d in hazinul 
Sit:i:'nilu!. V.iuinm'iv-jn: ia t'.oiif'i'i'.'iul. V ,;!,J A s o e i a p c i (^arpalu-Balca'n ' icc. 

KArv'Ki,.M,.\vivU, ,C. ..̂ i li,\|.:.xi.:r., IL ^iVi-"!)-, Geolhermiea willi sUccJul rcfcrciict tft tippiicdtiotx. 
I. I lk-1 l i l l . 

| '»i(; , iJ,\Ni;. A. (11172). ,1/JI-/[-fjiifiJ'njYi',^!/eriJiiy/c (/r;i lininr'niiu. V'.A. teli i i ica. i-Ji,iciii-('!>U. 
. 1-5^11,̂ $, 'S,' {1<n,l,V;, •liiii-.tu i-i'tieftstiii fsiii!liii}i,i-..filuliij e'riskiliii d in Imzituil i n f e r i o r ' a l -Sirni i lui . 

S l . ,c,'erv. f.'eiil. fieiiiir.^ seria tjijiiri'z: 8, 2, Biieiii'L',-;.ii. 
•Ui.iii.,si;U; ('.. .vi etj|,.iij, l,l^jii^.>),, (•niilril-'ii/ii hi .ilntUrjnifif! dcpuzitcliir iicfjcrnlric/cc -tiin ^•!tln|it 

.•\/>ttsf/ii (li- ;s'(jrf. ,Sl, i-crc. g e u l .y_C[ifr/.. geogr ; scria .j^tol, 14,',/., BuCurejt ' i . 
Vi.;i;K;M.-. S, ( l! '7.1j , l icothcnntil coiUrihtilifni lii the Jiijdr.ni/fioloi/ieiil knf>ii?lcdgc of Ord dea. area.. 

11 I'V. Itmiiii, (11:01, IH'I ' lltiy^- i-'l Ci-iigr. S e r , C^cY)ph.vs 111, Kueari ' .sl. 

COMiai BUT IONS TO, THE KNOWLEDGE OF GEOTHERMAL 
MANIFESTATIONS IN THE SOUTHERN PART OF APUSENI I^OUNTAINES 

AND. STREt BASIN 

(ABS'l'.'^ACTj 

B,etalied, twb iiicteis tcmi;>craj,ury survcvri aild ggochetiiipal studies 
wcrc'carrifd (HI! al Gi^yagia, Bobilna-, 'liapolfel au,d Oalau...The geothermal 
regime ol' the r<i3riyi!i liar' been, stmlieti and coneUisiou;; have been drawn, 
regaidipi^ waivn v,:a.u,'r ciiculaliPii. The deep reservoir .temperature seetofsi 
1,0 be riuitid U.> t>d°G aii'd boat dlschaige within each loe;il anomaly î i 
700—90tf Koal/«ei:. 
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Abstract—Heal (low values In 21 deep welts in various ceologica! units of Romania were obtained. Some 
correlations among heat (low wiihin llic Moldavian plaiform (0-92-1-39 IIFU). the Mocsian platform 
(I06-I-86 HFU) as well as the Carpathian folded chain (l-l2-:-25 HFU) and structural features of these 
major uniis could be established, 

INTRODUCTION 

Systematic investigation ofthe terrestrial heal flow in Romania not only concerns carih physics 
bul is also interesting today for more accurate interpretations oflhe origin oflhe geothcrmiil areas 
as well as die relation between tempcralure in the upper crust and ore and petroleum 

:•;:! accumulations 

V 

m 
^ 

E.xccpi for a few studies dealing with temperature or gradient within particular areas (Parastrhiv 
and Crisiian, 1973; Paraschiv ('̂  r//.. 1975: Veliciu. 1974; Visarion (7^//., 1974), thermal properties 
of rocks (Demctrescu. 1973) and a heal flow map using the unslabilized lemperature in oil wells 
and conductivity values from literature (NegoiU'i. 1970). no attempt has been made in the grt^imd-
bascd measurement of heal flow. The ;iim of the present study is to make an initial attempt at ' 
improving this situation. 

GEOLOGICAL! OUTLINE 

From a geological point of view Romanian territory is dominated by the Carpathian folded 
chain and ils'lbrcland. The foreland is generally divided inlo iwo regional tectonic units with' 
basemeiils of dilTerent ages: the Moldavian platform belonging to the Epikarelian or Epialgomian 
East-European crtiton and the Epihercyiii;in Moesian platform. 

The Carpailiian chain belongs to the norlhern branch ofthe Alpine orogenic belt. The mountain 
system (Easlern Carp;iiliians, Souihern Carpathians logeiher with the Apuseni Mountains) 
surrounds a central depression (Transylvunian basin), the ctistern border oflhe Pannonian area 
and a coniiiUHUis foredcep in front of the platforms. 

Each oflhe above mentioned units reveals disiinct teclonic features as sliown on the tectonic • 
map of Romania (Dumitrescu and Sandulescu. 1970) and some of them were discussed in the 

• 95 
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explanatory text for the seismotectonic map of Romania (Constantinescu. Cornea and LiziUcscu. 
1973). The following remarks are more relevant. 

The Moldavian platform has a cata- and mesozone metamorphic basement covered by the 
almost undisturbed sedimentary Lower Ptileozoic. Middle Cretaceous and Neogene deposits. 
Towards the wesl and .south the basement descends in step faults. 

The Moesian platform has a hclerogenemis bascmeni wilh Ihe following sub-units: Scythian 
l'alc<i/.')ic plaUorm anil Norlli-Dobroycan I Icrcynian orogcne. Ihe "green schists" unit wilh upper 
Protero/oic fly.sch, ihe Soulliern Dobrogea anti Wallachian zone with two tcctoiiogenic stages 
(chlorilic-scricitic Precambrian schists and old Ptilcozoic folded marine formalions). The 
sedimentary cover is relatively thin and differentiated on each structural sub-unit. 

The Eastern Carpathians are characterized by a large development of fly.sch deposits and a 
complicated Alpine structure with numerous "nappes'" overthrusting one another mainly 
outwards. Both the geological and geophysical data suggesi 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 ihe northern and eastern border oflhe 
inner Carpathian zone. 

The whole crystalline basement and the sedimentary cover oflhe Southern Carpathians were 
overthrust by Austrian and Laramian movements into two main tectonic units: Gctic "nappe" and 
Danubian Autochthonous. The Gctic "nappe" has a meso- and catazone metamorphic ba.sement, 
while the principal feature of the Danubian Autochthonous is an cpimetamorphic basement 
penetrated by granite intrusive bodies. 

From the structural point of view the Apuseni Mountains are divided into two distinct regions: 
the soulh-eastern Apuseni (Murc$ Mountains) and the north-western Apu.seni. Both are crossed 
by Laramian "banaliies" in a volcanic facies and by Neogene volcaniles. 

MEASUREMENT OF GEOTHERMAL GRADIENT AND CONDUCTIVITY 

- The 21 deep wells listed in Table 1 were subjected to geothermal investigations. The wells were 
chosen in^ordcrno-eovcrUbejiajcr structural units. The intervals of the wells, where both 
geothermal gradient and associated heal condiiriivity"wcrc"dctcnTiinedr-wer<3-a!!;o-selectcd-QnJ.hc___ 
basis of the typical lilho-stratigraphic features of the geological units. 

Table 1. Tempcralure gradient, (hernial conductivily and heal llow values 
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/\ii wens were tiicrmaiiy si;ir>nizci.i anu were icii iiiKiisiiirncci ior at icasi some inonin>, 
Tcmpcralurc mcasurciucnis were c:irried out by means of a dcjilh logging electric ihermoiucicr 
with an accuracy of more than ± 5",„, 

Heal conductivity was determined iii the laboratory cxpcrimenis using the "needle probe" 
transient method (Von Herzen and Ma.xwell, 1959; Woodsidc and Mcssmer, 1961). E;ich wci 
sample was measured four times, ihe differences observed on thermal conduciiviiy falling wiihin 
± 6-2% in respecl of the average. 

The results of gradient and heal conductivily measuremenls as well as ihe heat flow are given in 
Table 1. No correction was applied. 

HEAT FLOW 

A relatively small number of heat flow delerminalions with respect to the tectonic complexity of 
Romanian territory, leads lo a global inlerprclalion only. 

The heat flow values indicated on the map in Fig. 1 suggesi possible correlations among some 
thermally individualized areas and major siruclural units, i.e. Moldavian platform, Moesian 
platform, Carpathian orogen (including depressions). 

• - . 1 

IV h 

Fig, I, Heat (low slalions in Romania and schematic tectonic map, 1—limits oflhe teclonic sub-units, 2—"nappes". .̂ — 
heat flow values (/jcal/cm^v). 4—lecionic units (1 Moldavian platform; II Moesian platform; III Eastern Carpathians: l\' 
Southern Carpathians; V Apuseni .Mountains; VI Transylvanian Depression; VII Pannonian Depression; Vlli Carpathian 

foredcep). 

The Moldavian platform is characterized by low heat flow (0'92-l-39 HFU) with an increasing 
trend loward the Alpine orogenic limil. The average ofthe values (105 H FU) ip ihis tectonic unil is 



; slightly above the arithmetic mean (0-96 HFU) c;ilcul;iled for the prc-CaTnlTrian folded region <>f 
Eur;isi;i (Lubinuiv;i ;ind Polyak. 1969). 

The values in the Moesian philforiu can be grouped in two dislincl are;is: a western p;irt widi 
relatively high heat flow (1-66-1-S6 HFU) and an easlern one wilh lower heal flow (l-()6-l-6d 
H FU). The average heat flow (1 -54 H FU) is in agreement with ihe arithmetic mean (1 -60 H FU) for 
the Hercynian folded region of Eur;isia. 

The Carpathian chain (including depressions) is char;iclerized by heat flow ranging from 1 -12 lo 
2-25 HFU. This broad interval is a con.scquence of various geological ;ind lecionic feaiures: ihe 
crown-shaped siruciure of the mountains surrounding llie Traiisylv;ini;iiV basin, the large 
development of Cretaceous and Paleogene fly.sch deposiis, ihe presence of ophiolites and 
imporiant massesof Neogene volcaniles. The feaiures menlioned are an expression oflhe peculiar 
structure of the earth crust in the region where ihe Alpine orogenic belt comes in direct local 

1 contact with the old east-European cralon. 
The average heal flow (204 HFU) in the Carpathian orogen takes over the mean heat flow 

i statistically calculated for the Cenozoic folded regions of Eurasia (LSO HFU). An important 
contribulion to increasing the average comes from the remarkable hydrolhermal activily in the 

j Pannonian Depression. 
t 

CONCLUSIONS 

. • The geographic dislribulion of the heal flow values on Romanian territory reveals some 
relations between the ihermal Held and the geological features of the major lecionic uniis, i.e, 

, Moldavian platform, Moesian platform, Carpathian orogen. So far, the extent of the data permits 
; only general considerations to be made and they cannot be considered as final. 
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p. COSIINTINO*. V. VAIDEA*-. S, VEL!C!U** 

INDAGINI GEOTERMICHE PER LA RICERCA Dl ACQUE TERMOMINERALI 

,„ NELLA ZONA A NORD DI MANGALIA fROMANIA). 

Rl ASS UNTO 

Ques to lavoro' e slato cseguilb' pi;!- sludi are,- a I tra verso ranalisi dcile anomalie geotermiclie superriciaji, la 
circolaz'iorie sotlc'rranca di, ae'qiie' icrnfonrincraii in roccc calcaree nella '/.ona a' nord di Mangalia (Dobrugi'a del 
sud, Romania), dove sonb pei'itlii-O' prcscnii idcune, manifestazioni ,'>iipcrficiali. 

Nella zona in istudio a siiila eseguita una serie dt niisure geolei'miche supet-fici.ali, disposte su due profili 
luiighi rispcilivameiric cirea 1 kni e 7 km, di cut,- vcivgo.no npoiLalC Ic lecniciie _adDp_erate ,ed i risultati ottenuti. 

Liingo ,i prolili esegui.ii sono _slaiC' individuate le nnomaiie. di iempcratura, sia positive che negativei !a cui 
inierpt'eiazione, in relazione ai dati geologici' di ba'se-, ha permesso di lodalizzare le zone di frafiura, che costi-
liiiseono gli assi drenanli por i! Ilusso delle acque termomincraii SQtlei-ranee, 

SUMMARY 

This- woi-k, lias b'een .cariied oul in' pfcler !Q sludy, by means oi" geothennal :anoiTiaHes investigations, the 
thernrdniin.oral ground'wa,ici- llow in iiinesipnes..in .the-ai'en north of Mangalia (Southern Dbbrogia, .Rouinania), 
where ihcre iire ,some surl'ace phenoiiicna .alreaciv indieaiing its pi-Cscnce. 

In this arei; a series ql' gCLjihcrm:il •si:ii>erf!ci;il measuremctiis dislvi.buied on two. profiles about 1 kiii and 
y km res.peC;!ively long, hus been cxe.cuied, and the iheeniques' and the results are herC' pi.-esenEed.. 

Along ihese profiles |,msiliv'e ,and ncgMlive' tcjiipcrature' antimaliGS have- .been lefealized, .and their •inte.rpre.ia-
litin, in conneeiioii wiili ge'oLbgie.al daUi, lilloxved the idenliliealion of the [raei.ure KOnes, representing' ihe-drainage 
ax.ii fdr ihe ihernrgniinerai Eii-"'au.n.daw!er.'l.lovv, 

.Itiirodiizioi'ie riiiTcnio SD.tlei.-i-anep per queste aeque. Qiiesta rieerea 
ri.ves(e anehe pa rti ed I a re inferesse dal punto. di vista 

L'obietiivo della rieerea e ..sialo quells -di siudiare eeononTieQ-, in quahtb una conoscenza piii dettagliaia 
la cii-eolazione..so[ierranea .di aeque icrmali ailraverso permetle un piii razionale .sfruttanien.tp delle> risorse, 
Tanalisi delle anomalie gCQicrmiebe prodmic sugli cpnsenl_endo di stabilire con enteri geologiei e geof5sici 
.sn-ali suix-rlieiali " '̂'̂  '̂ pe.rinietra di. proteziene idrogeologiep del bacino, 

, . ., , , . . , . , • . sia resnila ubicazione dei punti piu idonei per ese-
l_a zona in esaine-., a Nord di Mangalia, e>- nota '- , r̂  • • ". . ". , . e ,, ^ ,.... • r , ' ,- , . ,. , - . J- 1 gutre le perlorazioni neecssane per losiruttamento. lotatn per la prcsenza di aequc lei-iiion.iinera-h a ijasso ' .• r i 

len'ore term ico '"'̂  ebndizipni geomprrQ|qgiche ed idrpgeologiche a 
(-,. . ,. . . , ., . ,. nord di Mangalia ci han no, permesso di eseguire sol-
•iii e eerca-io di nieitere in evidenza il ,sisienia di , ,. i r-r - .',„•• • - - . - '- i • .-71 

,. •, - . . , . . , - , . . , , , . tanig due pioiiii geotermiei, il pnnio lungo circa 7 km-tratture che cQsliluiseono ie vie prclcrenzia t 01 scoi-- .. ., ' ,- j , , . .. - • '̂ ,, , ,-• . ,. ' ed ll secondo. all incirea parallelo âl priniO:, lunge 
. circa I km. *; Isiiiuio cii Ccofisica Mineraria _- ijniyci-siia di falermo, '-'̂  I'icerche eseguile hanno inolire eonseiitifo: di 
*'• rnsiiiuiLiI de Geologie. .si 'Ccolizi(.ri. . Ikiciivcsti. nieltefe- a punto e Scoilaudare uii''appa'recG]iiatura„ ap-



x^ positamenlc progeliata e coslruitu presso I'Isliiulo di 
'' Geologia e Geolisica di ikiearesi, che si e peraliro 

rivelaia perletiamente adaiui alio SCOJJO. 
Le niisurc siil lerieni) .sono slaie eseguile nel niese 

di seliembre l'-J73. 

Uncamciili gcologici 

I.a zona di rieerea, siiuala a Nord eii Mangalia sul-
hi costa occidcnlale del Mar Nero, appariiene airunilTi 
geologica della Dobrugia del Sud (ligg. I e 2). 

\ i 
\ 

\ 
\ 

'"Vi/ ' 

\ 
\ 

\ 

' ) 

l-'ig, 1 - Planimeii ' ia J c l l a '/.ona in isiui l io, 

Quesui uniiii (ONci-iiicu, I'-lbD), cosiiiuita da depo-
sili epieontinenlali mesozoici e lerziari, eon leiioiiica 
plicaliva Icggera o as.sente, e caralieri-zzala da piecoli 
spessori e da laeune di sedimeniazione, 

Essa giace come eoperiura sopra un basanienio 
paleozoico ripiegalo, eniro cui i .soiulaggi meccanici 
hanno cvidcnziato deposiii .siluriani e i.le\"oni.'iH!. 

II Mesozoico e vappvescnlaio da un"alicrnanza di 
deposiii di lipo caleai'eo e ealcai'co-tieii'iiieo. con -jna 
successione incomplcia, 

II Ciurassico, per la rnnncanza tii daii paleoniolo-

gici non e slaio ancora suddiviso. Nel Crciaeico sono 
stall liovali deposit! apparlenenti al Barremiano, Al-
biano. Ccnomaniano c Scnoniano. 

I depo.siii sarmaziani, che alliortino nella zona sia 
nclle valii principali che nella falcsia del Mar Nero, 
copiono le arenarie eoecniche ed i calcari oligoeenici. 

II Quaternario c rappiesentalo da argille losse e 
vcrdi coperte da deposit! eolici, nonchc da deposit! 
niai ini, 

Dal punio di visia strullurale (CIIIRIAC, 1961) gli 
sludi geologic! hanno evidenziaio nel Mesozoico la pre-
senza di una letlonica plicativa con piccole pendenze e 
con piccole discordanzc angolari, 

I niovinieni! lellonici avvenui: in questa regione di 
piallaforma sono da considerarsi in complesso di tipo 
epirogenetico. 

Liiieanicnii idrogcologici 

Le perl'oiazioni eseguile nel Sud della Dobrugia 
hanno nicsso in luce I'esislenza di un importante stralo 
acquifero nella formazione crisiallina e nei deposiii 
devoniani. giurassici. cretacei. eocenici, sarmaziani e 
quaiernari (I''RICA|,.\,N'. 1972), 

Nella zona di Mangalia i deposiii palcozoici ac-
qtiiferi sono slaii inlerceitati da un pozzo artesiano che 
forniscc ac(|ua mineralc alia Icnipeialura di 25" C. II 
pozzo n, 3082 ba inconlrato tre orizzonti litologici, a 
profondila comprese tra 579 e 1203 m, apparlenenti 
piobabilmcnie al Devoniano. Dalla litologia degli oriz
zonti devoniani inlercetlati a Mangalia e stala riscon-
liala una scaisa e non uniforme fessurazione che con-
sentc la presenza di strali acquiferi con ridotte pos-
sibilita di sfruttamenlo (circa 0,74 mVh per I'orizzonte 
permeabile silualo a 676 m), ma le acque che si ac-
cumulano hanno caratteristiche artesiane (13,5 m so
pra il livelio del suolo). 

Dal punto di visIa idrochimico Je acque degli oriz-
zonii devoniani sono di lipo salso-solfalico-alcaline (CA-
STANV. 1963: DE.SIO, 1973) con una mineralizzazione 
di 1.87 H- 3.37 g/l, 

.'•\d cseinpio un'analisi lipica ha dato: 
*••! l . - l li/f ill' U.OUt! K/l Ni l 0.001 g/l r e U.UUOl s/1 

SO^ 0,11--. u/ l 1 0,0001 8/1 N " 1.0 g/l ' ' a ^ i O j °-°^ 8/i 

•^'O, Ms,s, I ICO 0,S(> g/l C;i 0,06 g/ l Mg 0.02 g/l 

Le acque lermoininerali solierranee delle formazio-
ni appartenenii al jVlesozoico ed al Tcrziario vengono 
accunuilale nei livelli permeabili del Ciurassico, Crc
iaeico ed Loecnico: le profondila alle quali sono stati 
vepcriti qucsii orizzonli nei pozzi n' 5081 e 5082 sono 
slate schcmalicamenle riporiale in fig, 5, 

II Ciurassico e cosliiuito alia base da calcari aie-
nacei lalvolia marnosi, seguiti da marnocalcari grigi 
ed. inline, da uno spesso pacchetio di calcari dolomi-
lici fcssiiraii, 

II Crciaeico ha alia base calcari bianchi fessuraii 
c, nella parte .superiore, sabbie piu o meno argillose. 
I dcoosiii eocenici. di spessori ridoiti, sono costituiti 
alia base da arenarie glauconiiiche con mummuliti e, 
sopra. da calcari con inlercalazioni argillose. 



mineranz5:azi6iie .di. so l fur i pol i inetal l ic i , , .fa prese;nza di 
niinerari rad ioa i i i v i , ecc..., 

.A. Mangai'ia quesie spi;genii "ipcali aqi iq igenei'alc 
Eia dalle acque lermal i accumulaie negii or izzont i sii-
per ior i che dalUi cifeOhizione del l 'acqua allraverao le 
fra I ture. 

La possi bi l l til d1 eA'idcnziare quesie sorgenli le rmi -
ciie lOeali esisic solo quando. per la lecnieu d i rnisuva, 
adoperala .e' |jer i l nTctOdo di pi-ccessai'c "i t i a l i , e pos-
sibi lc separare gl i efTcili per lu rba ion dovu l i a fcno-
meni. locali .seeondari; clie coi id l^ idnaho i.i .llusso' di 
ealorc- al ia superficie, del :SUG10. 11 regime iermico nel.le 
immediate vieinanze :del .suolo dipeiule in fau i anehe 
da- questi fa l io r i seeondari che .generalmente noii_ pos-
sqno essere espressi' in nvaniera quaiYlivaliva precisa, e 
di 'pendonp dal la topogriilTa della i-cgioJ\e, dai grado 
di eoper iura vegetalc,, da.l cpnie iu i la d i umid i t i i nel 
suolcj, dal GGlore dei- '^uolo, eec... 

U i i i l l t ienza d i uiiia parte d i qucsfi r a i i o i i si pro-
lunga, nel tempo ( t ip ic i fenpnieni « a tehipo d i riias^ 

I'lg-. 4 - Pi-L-parazioiic tli un I'orii in cni tltvc vciiirt; 
(tiii-odono ri:,lciii(;iiio iciriio^icnsibilc. 

iamtn-io )>}, ed i l scnso delia loro azione puo cambia-
re in fun-zione deUtdvario 0 deila siagionc, 

Le ricerche tcoriche e le osservazioni pi-ajiehe han
no indicaio ehe reseci!ziaii.e. del le niisu.re di lempei'.a-
lura ad una proFondi'ia di circa 2 ni nel len'Cno. 1-

n i ina la maggidi: parte delle p'eriui-bazioni determinate 
da .questi fen omen i, local i seeondari. 

I n pral ica ie misuve della temperatura sono state 
eseguile in l roducendo nel toVrenb. da' ihdngare un ele-
nrcnlo fcrmoscnsibi le, montatp su un'asta lunga 2,2 n i , 
in piecol i pozzetti o I ten u.l i, per mezzo di un niotoperfora-
Ipre (t ig. 4). 

11 lermometro u l i l i zzato e stato progettato e co-
stru i to pi-essQ 1'Istituto di Geologia e Geofisica di Bil
ea rest (a sinistra in f ig. 5). 

QueSio geoieni iometro funziona In tinea d i p r inc i -
] i io come ui i ponte d i Wheats lone che ha sii uno dei ' 
bracci un le'rii i islore. La sua precisione di inisura e di 
0,1 "C ed i l range d i misliva 0 — 5D"G, in d i ed sGale. 

(•ip. 5 - TuiiiioMiclri litili/,z;ili per lesccnzipne ck;llc niistii'.c 
(;i sinistra) ;id nn leniiOmi;'!rd di c:p.sli-uzio.ne ic-
dL'scii ;i des I fii),. 

Dop'o uiy'di';! dal ppsizipnamGhto degli elemen ti ier-
.mosensibi.li { I 'eqLi i l ibr ip ^tcrmi.co e- raggiuntb. in meno 
d i un'ora) medianle FappHcazione del termomelrb veti-
•'gbnb misuraic le: tc m pe fa I ut'eV che in .tal mo,.d.p nbn 
son.o appr'czzabilmenle allerale' dalle v'ariazioni e l imai i -
che di.uine. 

ro iche la pi'ds pez Tone sui ler-renp necessita .abiirial-
inente di un pet-ipdp dt quaiche sei i imana, ŝi d.eve 'prP-
ced.ere ad una eorrezipne/ per i'itffluenza. dei cam'bia-
meni.o amutale del c l in ia. 

.!. (.ninli di ni iaura, disla_nziati tra loro di, circa 50 
m, .sono slai i Jocalizzlati su due pro f i l i osservabil i In 
I ig. i . • 

lii, T'C 

! " _ A - _ . . . . . .X i 

I-ig, 0' • I'vofUa geoiei-mico \'-\ l:i cwi ubic;i-/,ipnc ii se-gii:itii iir (ig. 1. I v;iloVi compffsi cntro Ul fii-scia I7"C c: I9'IC sono GonsitlGi'ati nor-
iiiiiii,' .Anomalii; posiiive e n.c'giMive' si ijgssoiio-t>Siei'\';n:e M! tlisoijr:! c ;il disoiio di ques lir fListiM. 
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Fig: 7 -,Prolilo gcctennieO' 11-11' iii ciii iibicrizione t .segiiiHii in 
'niiili di icmper;itvn-;i, 

L'pi-ienfazione dei prbti.ti e stata .detenninata dalle 
eoiKiizioni geomorfologiehe esisienti nelhr rcgipnc. 

R;isalfati •.otle'ttnli ,V lord ni.tei'pfdt.a'ziaric' 

In base ai daii delle niisure, opporlunamente- eoi-
retlc-; sono Slaii cPsti-uiii i prbfdi geoterm'ici presenlati 
.nellc- figg. 6 e 7, 

Questi profili pongoiw in. eviden.za Vesistenza di 
un'anbmalia di temperatura Tungo il limite del 1 itera Ic, 
come anehe. ad Ovest della zona di palude. 

'S.ono -state eonsidenite, ano'm'aiie' positive i valori 
di temperatura ,ii]aggipi.-i di 19 "C, Valbri. normali (per 
i I pe r i od 0 in cui esta lo esegu iio i 1 1 a voro d i- earn p[igii a") 
quoiii compresi tra .1.7 •"'& e 1.9 "C...I v.alori' di tempera
tura piii bassi di 17"G sono stati considera li anomalie 
negative. 

Neirinterpj'"<?t'<3iione dei rLsultali, della t'ieerea geo--
termica 6 necessarip tenere in ebnsiderazibne, come 
in tufii 1 metodi geofisici, il parametip'fisico cpn il quale 
le eterogeheita prese nti nel sotlpsupio stabilisepno una 
certa dislribuzidne di campo di temperatura in s.ii-
perfipie. 

fn questp caso il paraineti'b e: ra j3 prese n i'a to dal 
cbritrasto tra le conducibilita dei divcrsi tipi di rbeec, 
6, tale ebnlrasto si prCsenia in. special nipdo nclle zone 
;di ..faglia. A eio' si sovrappone il flusso di calpr.e p.ro-
•dpttp dagli accumuli di aeq'ue iermominerali, 

Le h'S zone di -anomalia posiiiva (Hg. 1), la pvinva 
a Nord ed a .Sud di. ,Aurora., la scegnda a. Su_d del 
p.pz-zo n. 4076 e la ierza ird O'vesi della. palude .Man
galia, suggeriscoiip, hi presenza di una .eircolazibne di 
deque IcVmali atlraversc una zona di fra.H'ura. Que-
sla .inierpret:azione e slata. deierminata anclie dal.l'am-
p.iezza c dalla fo.rma carattevistica della vaViazione di' 
tempevatura nella zona in esame. 

"tg. 1. .l..ij flisan tra. lc due liricc. Iralieggiiiit- coniprende: i valor! nOr-

Se si considera la profondiia e !e titbdalita di ese-
cuzione adoperate, si puo caleo.larc die le faglie de-
vpno maiiifeslarsi jiiio ad una profondita di almeno 
IOO ni dalia superficie del suolO: il tetto della faglia 
dov rebbe C|uindi essere. compreso all'ineirea eiitro que-
sto spCssore. 

In fig. -I cbsi sbnb stale indicate cpn fralteggio due 
faglie ehe rappresentano I'interpretazione geologica dei 
risultati oticnuli: la direziorie tielVe, faglVe c peraUro in 
buon aecordo con il si.stema di f rati ure caratteristico 
nel Sud della Dobrugia. 

Anehe in* fig;. 2, nel. profilp geolpgi.cp, schematico;, 
e siata segnaia, a solb titoio indicativp, la faglia in-
tGi-prelata, che rlsulla circa peipendicbiare, oitre che 
;ai due profili gcgteriniei, anehe a quello geologico. 

Ceiicfusipiii' 

Le ricerche eseguite nel quadro del prcsetiie lavoro 
hanno dimbstrato da una parte la eapacita del metodo 
per rindividuazipni; di zone preferenziaii eon cii'.eola-
zione di acque (erinali, quan'do le strut lure idrogeolo-
giclie interessate npn sono mol to profonde, dal I'a I tra 
liannp portato elementi nuovi per una interpretazibne 
idrpgcologica Cderente del regime delle acque termo-
mineraii Jn Dobrugia del Sud. 

SOiio. state cosi indiyiduate. delle zone piu limitate 
in eui e possibilg uno sfruttamenlo razionale di queste 
risorse a mezzo, di perfbrazioni opportune. 

fiiverd lo sfruttamento investe. problemi che sulano 
dalle scopP, di questo lavoro, tutlavia un ulteriore stu
dio di maggior delfaglie, esegullQ accoppiando diffe-
fenti metodi gepelettrioi. (RADULESCU & APOSTOL, 
1973') con una campagna di prospezibne geoehimica 
Sll lie aree di anbmalia giii localizzata, pptrebbe fornire 
la piu pi'ofleua.ubiGazibne dei piinti di perforazione. 
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