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HYDROGEOLOGICAL MAP OF THE PADUREA CRAIULUI
MOUNTAINS (ROMANIA)!

BY

I. ORASEANU

The hydrogeological map shown herein covers an area of 670 sq.kms. in
the Padurea Craiului, a massif that makes the North-western termination of the
Apuseni Mountains. Owing to a varied geologic structure, with Mesozoic linie-
stones and dolomites outcropping on 330 sg.kms., the relief boasts a great
variety of features, noteworthy among which are the karst plateaus and valleys,
as well as the caves and the potholes.

The numerous karst catchment processes, of which some are in full progress
at present, disorganized the surface hydrographic network, leading to the formation
of an endoreic zone of roughly 224 sq.kms. and of a diffluence area extending
on 94 sq.kms. The hydrologic links between these areas and the zones bordering
the massif islsecured by surface and underground flows.

The great tithologic diversity and the different tectonization indices of
Lthe deposits in the lithologic structure of the Pjdurea Craiului Mountains led
to the individualization of five groups that boast distinct modes of underground
water supply, circulation, storage and discharge. In the hydrogeological map,
the five types are separated cartographically and characterized hydrogeologically ;
the map also gives their detailed lithologic description,

International conventional signs show various modes whereby the water
penetrates the carbonate massif (diffusely, ponors and caves, a.o0.), as well as
different types of karst exurgences, all while pinpointing the permanent or tem-
porary hydrologic character of the {low and the speleologists’ access — or lack of
it — to the underground realm through these points.

The precipitations that fell in October 1982 — September 1983 hydro-
togic vear on the non-karst area of the massif generated a specific annual mean
runoff ranging from 3 to 20 I/s sq.kms., with its vertical gradient standing at
3.3 1/s sq.kms. The value of that index is strongly influenced by the presence
of the areal carbonate rocks wherein the karst-catchment processes substantially
diminish the discharge.

The 78 tracer labellings performed by various authors pinpointed the
general directions of flow of underground waters and the comparison between
those data and the results of the hydrometeorological observations and measure-

ments provided for a hydrogeologic characterization of the major hydrogeological
karst systems. The discharge, variability indices and the recession curve dis-
charge cocfficients for 13 of the major karst sources of the massif, as well as the
distribution in time of underground flow of that area were shown.

Y Paper presented at the 3—rd Symposium of Theoretical and Applied Karstology,
Ciuj-Napoca, Romania, 31 May — 2 June 1985.
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The overal hydrogeological picture of the Pidurea Craiului Mountains,
without Remeti graben, is characterized by the presence of an unitary karstic
aquifer in which there is a deep ciiculation from the East to the West overaly
by numerous underground ‘“‘surficial’”’ (shallow) ones which discharge at the
periphery of Lthe massif, by sources with overflow meaning, the water excessresulting
from the rainfall on its surface and which can’t be involved in deep circulation.

1. INTRODUCTION

The Pidurea Craiului Mountains lies in the North-western part of
the Apuseni Mountains. They appear in the form of a digitation, extending
far towards the West, almost reaching Oradea. They are bounded by
the Neogene basin of the Vad (of the Crisul Repede river) to the North,
by the Neogene basin of the Beius (of the Crisul Negru river) to the South
and they border on the eruptive Vlideasa massif in the Kast, with the
fad Valley acling as a demarcation line between the two massifs.

The Pidurea Craiului Mountains form a geologically well-defined
unit, which, morphologically speaking, boasts two distinet main units,
conventionally separated by the Virciorog-Dobresti  alighment : the
Padurea Craiului Mountains in the East and the hills of the Pidurea
Craiulul (the Virciorog, Tdsad, Hidis, Dobresti and Yalani) in the West.
The hydrozeological map at issue covers an area extending on 670 sqg.kms
and refers only {o the terrains asciibed to the former unit. Therefore, it
15 that unit that will be further referred to as the Pidurea Craiului
Mountains.

The salient morphological and hvdiogcological elements of that area
are represented by a broad development of M¢sozoie carbonate rocks that
cron out along 330 sq.kms.

T'he present map is a result of the authcer’s hydrogeological research
started back in 1979, temporarily accompagred by A. Jurkiewicz (cver
1981 —1932). It is partially represented on the nydrogeclogical map of
Padurea Craiului Mountainy, seale 1: 25.000, « map that includes neitlier
the Senonian basin of the Rosia nor the Valari—Cabesti —Meziad area 2.

The geological base of the presernt map were the maps drawi up
by 8. Bordea et al. (1986), D. Putaulivs et al. (1977), D. Patrulius ef al.
(1682), Elena Popa (1981), D. Patrulins and &. Bordea (1981), €. hithai-
lescu et al. (1982), and Felicia Teodorescu «nd G. Teodoreseu (1481)

2. A BRIEF HISTORY OF HYDROGEOLOGICAL RESEALCII

One may say that, mere than in any otier area, the cooperation between
geology, geomorphology, speleology and hydrogeclogy in a karst region
15 80 close than the limite between the respective sciences SUPETTHONC,
making 1t almost impossible to state where one begings and the other
ends. This 1s the very case of the Padurea (rainlui Mountains in coniection
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) 1. Oraseanu, Nicolle Oraseanu (1983)— Studii hidrogeologice complexe peniru ape
potabile si stabilirea condiliilor hidrogeologice ale zdcdmintelor de buuxitd din Munfii Padurea
Craiului, jud. Bihor. Arh. IPGG Bucuresti.
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with which the first references to bhydrogeclogie elements (springs, ponors,
underground drainages, a.0.) were made by researches of the underground,
peomorphclogists and geolegists (Jeannel and Racovitza, 1929, Maxim,
1954, Preda, 1963, ete.).

Over 1956 —1976, researchers of the Institute of Speolegy ,,Emil
Racoviti’’ in Cluj-Napcea, and Th. Rusu in particular, conducted a com-
plex geomorphologic study of the karst in the Piadurea Craiului Mountains,
making a substantial contribution to knowledge of the morphology ot
the exo- and endokarst; furthermore, they could pinpoint the areas of
infiuence of nwmnercus karst scuiees at the end of 41 labellings with
fluorescein.

The hyvdrogeological rescarch proper into the massif, performed
by the Enterprise for Geolegical and Geophisical Prospecting, started
in 1979 being related, in the main, to research into the hydrogeological
conditions of the bauxite depocsits and the assessment of the aquifer
potential of that area. In the respective interval, the auther tegether
with E. Gaspar, 1. Pop, P. Stinescu, A. Jurkicwicz, T. Tudor, Nicclle
Oraseanu and PP. Brijan effected another 31 tiacer labellings, of which
some highlighted major karst catehment processes ¢f surtace tlows.

In the petiod rpanning 18811983, an (Xtensive programme of
hyvdrometecrological ob=ervations and measurements for the entirve Padurea
Craiului Mountains arca was worked out, as the fruit of the ccoperation
between the Enterprive for Geological and Geopbysical Prospecting (1. Ora-
seanu, A. Jurkiewiez), Meteorological and Hydrelogieal institute (G. Hoto-
leanu, Paraschiva Hotoleanu, Vicioria Precteasa, 'Tatiana Nicolae, Lumi-
nita Tibacu) and Institute of Speclogy ,,Emil Racovita’ (1. Povara,
Th. Rusu, €. Marin, M. Serban, 1. Vichmann, G. Diaconu, C. Lascu)
which supplied early quantitative data on the condition of the sourees
and the aquifer potential of the massif.

The speoclegical research, which resulted in the discovery of rougnly
7C0 underground cavitics — with the longest cave — the Vintulul Cive —
and the deepest pothole — the Stanu Fonell — among them — contri-
buted substantial data about the hyvdrogeolcgical past and present of the
massif, about the kaist networks that have been carved by waters (Szi~
lagy A., 1976, Vilenas ard Drimba, 1978, Vilenas, 19801981, Babaosg,
1981, a.0.).

3. GENERAL FEATURES
3.1. RELIEY.

Althcerght of an average altitude — only 5C5 m (Ifigure 1) — the
PPadurea Craiului Mountains are well-defined in point of rehet, owing
to the low altitudes charaeteristic of the depressions suirounding them
in the North and the South.

The great varniety of rocks makuge up the geelegie structure, as
well as their moraic-like disposition, which 18 a resvlt o¢f an advanced
tectonic process the massif underwent, are morphologically expressed
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by a chaotic relief that lacks a general unique feature. The Imasive, stately
relief including sandstones, conglomerates and eruptive rocks, alternates
witit the lower relief of karst capture depressions and the flat relief charac-
terizing the karst plateaus strewn with sinkholes.
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The altitude of the relief drops from the South-East to the North-
West and a major crest can be defined only in the first half of the massif,
inbetween the peaks of Hodringusa (1,027 m), Migura Dosului (945 m)
and Rujet (844 m). Farther on, its high relief scatters in vast karst plateaus
broken by isolated ridges, a result of the rough geologic structure of the
underiayer, or by deep vallevs carved bv water courses.

- There are several secondary ridges springing off the main crest and
their morphological elements boast a general North East — South West
orientation, as lmposed by the geologie structure. Noteworthy towards
the North-East are the Lesului Hill, Botii Hill and the Preluca Peak
crest, bounded by the Acre depression and the Remeti karstie area to the
South-East and by the karst plateaus of Chicera-Arsuri and Ponoare
to the North-West. They are followed by the karst depressions of Damis,
Ponorag and Cirmizan, separated by summits including non-karstifiable
rocks, and then the rough relief marks room for the large karst plateaus
of Zece Hotare, Zgleaminu and lIgret (Hirtoapele), that extend to the
North-western limit of the massif.

South of the main erest the relief is stronger and broken by deep valleys.
The salient feature of the relief in that area are the broken course of the
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Lazuri brock, the broad groove of the karst corridor of Albloara-Poiana
Damis, the seenic kaist relief of the Vida valley and the sinkholes of the
Ricas-Sclavul Pley and Runcuri kaist plateaus.

Before merging with the flat relicf of the Beiug basin towards the
South, the Pidurea Craiului Mountains relief dips in the Senonian basin
of the Resia and then modestly rises on the Luncasprie-Cibegti alignment.

3.2. THE IINYDROGRAPHIC NETWORK.

The surface waters in the Pidurea Craiului Mountains belongs to
the hydrographic basin of the rivers Crisul Repede and Crigul Negru,
whose watershed boasts a well-defined location in the South-eastern hall
of the massif. In the North-western part, however, in the area under karst
plateaus, the location of the surface watershed 18 uncertain for lack of
an organized surface runott.

The hydrographic network of the Padurea Craiului Mountains Ix
highly desorganised as a result of the intense processes of karst capture
that led to the burial of many surface flows. The only important, perma-
nently active valleys crossing the karst area of the massif are the valleys
of Tad and of the Briteuia in the Crigul Repede basin, of the Vida and
the Rosia, with its tributaries — the Lazuri, the Sohodol, the Meziad
and the Strimtura, in the Crisul Negru Baxin. The Vida valley 1s the
only important valley in the respective massif that crosses karst terrains
only.

The process of karst capture of surface flows by the main karst spring
on the outskirts of the massif is in full progress (Ordaseanu, 1935). So,
for instance, in the case of the hydrographic basin of the Crigul Repede,
the waters of the Luncilor brook are temporarily caught totally by the
spring of Briitcani, while the waters of the Mniera brook, in the Cornct
scetion, are partially cavght by the spring of Moara Jurjn.

Similar precesses, showing in the drainage of brooks in the capture
areas, are uunder way in the valleys ef the Poiana and the Pegtis, both
tributaries of the Topa brook, in the hydrographic basin of the Crizul
Negru. The waters infiltrated in these sectors are partially found m the
«pring of Astilen, in the hydrographic basin of the Crisul Repede, which
is the reason of a marked lack of concordance between the position of
the watersheds of the surface and underground waters between the two.
basins. A similar — though of a lesser scope — situation is to be encount-
ered also in the case of the upper basins of the brooks of Soimusul Drept
and Vida, where drainage sectors emerged in the wike of underground
apture.

3.3. VEGETATION

Roughly 509, of the Piadurea Crainiui Mountains are covered by
deciduous forests, which extend chiefly in the South-eastern part of the
magsif. The other half is covered by hayfields and agricultural cultures.

J.4. HUMAN ACTIVITIES

Inhabitants of the Pidurea Craiulul Mounttains are ¢hacdiy concerned
with farming and animal breeding, as the vast pastures o the keist
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plateaus offer altogether exceptional conditions in this respect. A substan-
tial part of the population is engaged in activities aimed at expleiting the
bauxite deposits, which are scattered throughout the massif, refractory
clay deposits, sitnated south of the locality of Suncuius, as well as the
limestone and clay needed by the cement combine in  Alesd.

A third major concern of the inhabitants of the area is wood
exploitation.

4. THE KARST OF THE PADUREA CRAIULUI MOUNTAINS.

The Piadurea Craiului Mountains boast the largest density of exo-
and endo-karst formations in Romania. The 1931 inventory listed 680
caves, of which 17 has more than one kilometre in length (Goran, 1981). At
present, their number is far larger; tables 1 and 2 give the morpho-
metric data of the major cavities that were charted.

IR —- Hydrologic regime of cave entrance

rary

Table 1
The main caves of Pidurea Craiului Mountains )
N Cave o) 1§ | . I. 1D HR
NO. ave (1) | [.ocolion (m) (m)
1 Peslera Vintului 320 | Northern border 36.0C0 190 f.
2 Ciur Ponor (182) 480 | Runcuri platean 17.078 200 | p.i
3 Bonchii (204) 455 | Rcesia basin 6.686 163 L.i.
1 | P, J, Jofi 445 | Rosia Rasin 6.657 144
D Damniseni spring 420 | Bratcutfa basin 4.800 4 p-o.
6 Meziad 435 | Rosia basin 1.750 89 f
7 Sircula 728 | Chicera Arsuri pialcau 4.200 296 f
8 Ponoras (29) 664 | Ponoras depression 3.851 211 {.i.
9 Osoi {93) 400 { Teopa basin 3.700 50 | p.o
10 Potriva 357 | Mniera basin 3.018 o6 | t.i.
11 Gabor (94) 445 | Topa basin 2.707 23 p-o
12 Aurica 3) 470 | Topa Lasin 2.679 33
13 Astileu 250 | Northern border 2.614 p.o
14 Galdaseni (7) 394 | Northern border 2.307 33 t.i.
15 Viduta 11 (118) 370 { Vida basin 2.032 41 | p.i.
16 | Batrinului n74 | Zece IMotare plat. 1.633 78 | 1.1,
17 1 PV,, Vilau mine 3 375 | Rosia basin 1.224 120
18 Pestera cu Apd de la
Bulz 370 | Iad basin 1.177 64 p.o
19 Moaneci 485 | Misid basin 1.170 104 : p.o.
20 | Giur lzbuc (183) 215 | Runcuri plteau 1.030 20 f
21 Pestera de la Vadu
Crisului 305 | Northern border 1.0C0 29 p.o
J

1) Alter Goran (1981) and Matos (1982 —1988);

%) In brackets number of cave on hydrogeological 1iap ;

3) Cave intercepled by mine gallery.

I = Altitude of cave entrance ; L. = Length of cave passades ;
;1 — fossil, p.i. — permanent infiow,

1) == Difference 1n level

L.1. — tempo-

inflow,
Note :

p.o. — permanent outflow,
All mentioned caves have stream watel
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Table 2

THE MAIN POTHOLES OF PADUREA CRAIULUI MOUNTAINS U

| . |
No Pothole?) &f) ocation (2 ) (f]‘]) LR
S L IS | |
1 ¢ Stanul Foneii (198) . 660 | Culiler basin 339 | 4106 a
2 Pobraz (74) - 830 | lad basin OIRH ] 3D3 1 a
3 | Fanea Babii (269) - 540 | l.azuri basin 131 173 1 ¢
4+ Big pothole iron Ceugu & ' | .l
LoIne | 625 § Mniera basin 120 ¢+ 170 A\
5 1 Sohodol 11 (1389) . 545 | Nosia Dbasin 102 250 | a
6 ! Pascwidu Mihai (39) - 765 | Damis arca 100 186G ¢+ i
7 | Herna (1) . B85 1 Danils arca 898 1 697 ¢ Qa
8 | Condrovici 568 | Zece Holare area 8D 105 | [
g | Omnestilor (207) 525 | Lazuri basin 32 153 0
10 Ciungii Scoci : - 870 | Iad basin Y 144
11 1 Miagura Dosului - 765 ¢ Damis arca 61 61 a
12 | Groapa Sturzului (31) I 610 | Dumis area 59 8y | T

—r

1) After Goran (1981) and Matlos (1982~ 1988);
2) Tn hrackets number of pothole on hydrogeological 1:ap ;
HR = Hydrologic regime of cavity 1 a — active ; T — fosst).

With the analysis of the morphemetrie and hydrelogic data referring
to a nvmber of 260 caves as a baxis, Th. Rusu (1988) shows that by
summing up the lengths of their galleries, we reach an average of the
massif standing at 2¢5.75 m of gallarics per sg.km; 62.59, of these caves
are fossil cavities, 32.5329 are temporarily active and 5.389%, boast perma-
nent hvdrologic conditions. As for the distribution of these caves according
to the age of the formaticns shaping their entrances, the aforesaid author
shows that 52.39, boasts Jurassic limestones, 28.469%, Kocretaceous Hne-
stones and 18.469, Triassic limestones and dolomites.

~ The genesis of the Pddurea (raiului Mountains karst s linked to
the cmergence of the carbonate platform of Bihor in Upper Triassic,
from the end of the Jurassic and, more particularly, of the cuorrent stage,
which started in Palcogene. To assess the age of the karst tormations gene-
rated in the fiist two stages of the karst-formation processis a hignly
difficult task, possible only in the areas where the covering deposits
were not subjected to cresion. Belenging to the first generation might be
the relief boasting Anisian and Ladinian limestones and dolomites, sub-
sequently covered by the defritic deposits of the Eojurassic transgression
It is well known in the Suncuius area in particular owing to the exploration
and exploitation cperations performed on the refractery clays that are
characteristic of that relief.

Linked to the second-generation karst, which is better kuown, 1s
the genesis of the bauxnite accumulations. Their exploitation uncovered

a depressionary, rough paleorelief with nuierous hollows, dissolution
channels and lapies. It has been studied froma Cornet to Idicag and the
Rosia spring and, in the case of the areas with covered bauxite deposits,
the data supplied by research drilling provide for the elaboration ot topo-
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graphic map of the palecrelief formed in the period of emergence at the
end of the Jurassic.

Undoubtedly, the genesis of the numerous karst formations covering
the entire area under limestones and dolomites is mainly the result of
the third stage of the karst-formation process, a stage that still continues
after having reached a climax during the Pleistocene, when hydrometco-
rologieal conditions were highly suitable for-karst formation.

H. GEOLOGIC SETTING

The Padurea Craiului Mountains are mostly formed of deposits
helenging to the Bihor Autochton. Deposits ascribed to the Codru Nappes
(the Vilani, I‘erice and Arieseni nappes), as well as eruptive rocks of the
Viideasa banatitic massif can also be found en small areas on the southern
and routh-castern sides.

The sedimentary formations of the Bihor Autochton outline a vast
monochine with a crystalline barement in the Rast and South-East, covered,
towards the North-West newer and newer formations, to the Foceretaceaous
depositions in the Baile 1 Mai area, in the vicinity of Oradea. Towardx
the North-East and South-West the geolegic structure of the Piadurea
Craiulul Mountains sinks under the Ncogene deposits of the Vad and Beius
depressions.

The sedimentary cover of the Autochthon boast a German-type,
slightly folded structure, with numcrous vertical or slightly inclined faults
that generated five sections that dip in steps towars the West (The hydroe-
geological map — the Structural sketeh B, according to Patrulius in
Ianovicl et al., 1976).

The Virciorog zone, which is the westernmost, is formed of Creta-
ceaous and Jurassic deposits. The fall of this zone protected the Permian
deposits of the Arigeni Nappe, located to its south, from erosion. In the
central area, the respective seetion is affected by Taults facing the East-
VWest, which divide 1t into blocks going down to the South.

East of the Virciorog zoune, the higher Zece Hotare compartment
15 formed of Upper Jurassic deposits that make up two brachianticlines
(the Butan and the Crucea Hill). It Boast numerous faulls and it is sepa-
rated frem the first section by the Muierii fault and from the following
compartment, the Carinazan horst, by a system of faults that develops
South of the Izbindig spring.

The Carmazan horst 1s shape and boast a synclical structure which
13 rendered more complicate by an axial uplift and by a large nwnber
of faults.

The area of the Antithetic Steps zone Loriu — Damis — Rosia is
maostiy formed of Triassic deposits, grouped 1in a number of bloeks that
successively dip towards the North-West along some fractures. The Remefi
graben, which is in direct contact with the eruptive massif of Viddeasa,
is situated South of the aforesaid section. The Mesozoic formations of that

seetion make up an east-westwards anticline.
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The microtectonic measurements made throughout the entire areal
of the Fadurea Craiului Mountains showed there were {wo major systems
of fissures, which affect the carbonate deposits. They face the North
West — South East and North East — South West, and they have deep-
going implications for the underground karst drainage.

5.1, CARBONATE SERIES.

Three large carbonate serics of special hydrogeological importance
distingtiish themselves in the suceession of sedinentary formations of
the Bihor Autochthon, a succession which is outlinred in detail on the
enclosed hydrogeolegical mays. '

— the Triassic carbonate series, which is up to 1,500 m thick. 1s
formed of Anisian limestones and dolomites and Ladinian limestones
and 1s underlain by a Permo-Werfenian detritie series ;

— the Jurassic carbonate series, which is 150—200m thick on an
average, 1s formed of Middle and Upper Jurassic limestones and is separated
from the Thiiasvie carbonate series by a Lower Jurassice detritic formation
which has a maximum thickness of 70 m;

— the Cretaccous carbonate serics, which is discordantly located
over the atoresaid carbenate scries and formed of two packages of Lower
Neocomian-Aptian lirnestoncs, each 50— 350 m thick, separated by a mono-
tonous succession of gray marls, 100—700 m in thickness (the Ecleje
layers) and covered by an Aptian-Albian, predominantly detrit ic, complex.

The carbonate deposits of the Bihor Autochthon crop out along
304 sq.kms — of which 29 sq.kms develop in the Remeti graben.

After the Mediterranean diatrophism that underlaid the location
¢t the Codru Nappes, the cedimerntation of Cretacects deposits In the
ddurea Crandul Mountains contitucd with the deposition of Senonian,
predonnnantly detritie. They crop cut in the Rosia depressien, in {he
Remeti graben, as well as in several other points that were cpared the
¢ifects of erosion. -

The formation ascribed to the Codru Nappes in the Padurea Crainlui
Mountaiis develops on narrow sites, which alvo limits the rpread of carho-
nate deposits (17 ¢q. kmye in the Vialani Naypje, 9 vq. kms in the Ferice
Nappe and 0.2 rq. kms in Arieseni Nappe).

In the routh-western part cof the massif, Sarmatian gravels, sands
and sandstones with voleanice-clastice streaks, crop out transgressively
over older deposits, while in the nortli-western part the cuterop 1s formed
of marls and clays, with Volhynian limestone and sandstone streaks,
as well as sands, gravels, sandy marls and Pannonian clayey sands. |

The Quaternary formations in the Piadurea Craiului Mounitains
are represented by periglacial and deluvial-karst acposits, alluvial deposits
{terraces and meadows), proluvial deposits and Pleistocene and Holocene
diluviums (gravels, dejection cones). Of all these deposits, the blocks at,
Oarzdna make the characteristics feature of the area af issue. They are
formed of large blocks of Werfenian quartzitic conglemerates, located on
the summits of the relief, which have been spared the cffects of erosion.
They reach a maximum thickness in the Oarzina Hill, south-west of
Cornet, and are also to be found in the ridges between the Surducel-Vida,
and Vida-Albloara valleys.
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CTLIMATE AND SURFACE WATERS RUNOFFK
6.1. CLIMATIC FEATURES
The Padurea Crainlui Mountains are situated on the western side

of the sector of moderate continental climate, in an area where the average
solar radiation stands at 100 cal/sq.cm.
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(b) in 1886—1915 and 1921 -- 1955 time de Vale (b) in 1896 — 1955 time interval.

intervals.

The amount of annual precipitations decreases from the eastern
{0 the weatern side of the massif, its average multiannual values ranging
from 800 to 1,200 mm. January values oscillate between 60 and 80 mm,
and Jully Taluos range from 80 to 140 mm. Figure 2 shows the monthly
multiannual variation of precipitations Iecmdwl at Oradea and Stina de
Vale, two cxtreme points inbetween which the area under investigation
13 altuated The average multiannual values registered «t the two moni-
toring stations tood at bdt; 0 and 1,364.0 mm. PIQ(‘lplt&thH in the Padurea
Craiului Mountains over X.1982—1IX.1983 ranged from 712.6 mm at
Virciorce, to 843.7 mm at Zece Hotare and 1,390.5 mm at Ren:eta.

lempemmre variations are inversely proportional to prempltfﬁmn
increasing from the East to the West. Mean multiannual values range
from 4 to 8 degrees cen‘rlgla(19 with the mean temperatures of January
standing at — 3 to — 6°C, and these ¢f July amounting to 14—16°C

(Figure 3).
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The values of evapotranspiration incerease from the East to the West.,
In the hydrologic year X.1932 -1X.19383 these values ranged from $540.4
mm at Zece Hotare to 695.8 mmm at Oradea.

6.2. SURFACE WATERS NUNOFF IFEATURES.

The karst-capture processes of the surface hydrographic network
led to the creation of a vast endorheie area, which extends on 224 sq. kms.
(Figure 4). The water resulting from precipitations, after the elimination
of the evapotranspiration fraction, which flows over this area, infiltrates
totally and reapears to the surface through the peripheral sourees situated
1n the exoreie area of Padurea Craiului Mountains.

There 15 no runoff 1in the case of the large karst plateaus, but inside
of the endorheie areas permanent surface courses can develop, which are
arved mto the relief and whoese subserial link with the basie (excreie)
hydrographic network wus severed by underground karst-capture pro-
cesses. A typleal example in this respect is the Mniera brook.

Alengaide endorheie zones, diffluence surfaces,resulting from basin
kaist diffluence processes, represent another element of broad develop-
ment and major importance in the distribution of surface flow. According
t¢ those processes, the available water of a hyvdregraphice basin, in the
wake of partial capture, is distributed as an infiltrated fraction, which is
teaken outside that hydrographie basgin through underground drainage
and as another fraction,which continues its permanent or temporary surface
flow, downstream of the ecapture area (Oriseanu, 1985).

Diffluence surfaces extend on 94 ¢q. kms.?, and their presence poses
difficult preblems when a hydicgeclegical balance is to be worked out,
nore particulaily, ax an outcome of the need to create o dense hydro-
wetrie monitering retwerk to characterize the relationship between infil-
tration and outldds frcom every diffluence suiface.

With the view to assessing runctf, a number of hydrometrice observa-
tions and measurements ware perfermed in the hvdrologic vear X. 16882 —
IX.1683 on a number of surface courses situated at various altitudes and
in geolegic underlayer (Figure 4). Table 3 shows the discharges for the
respective period, as well as the values registered at the permanent
hydremetrie stations in the national network. |

Hydrometric measurements were imade also in five hydrographic
basin situated at various altituvdes on non-karst terrains with a view to
assessing the variation of the specific annual mean runoff %), function
of altitude. The results obtained (Table 3 and igure 3) bespeak a fine
correlation between the two parameters and indicate a value of 3.3 1/sec.

sq.kans of the vertical gradient of the specific annual mean runoff in ease
ol & level difference of 160 1.

With the help of the diagram in Figure 5 and knowing the mean
altitude of the hydrographic baging whose runoff is infuluened by the

3 In ihis cummulated surfaces it is no! i:cluded the dilfluence area Miniera valley —
Moara Jurjii spring. This area is siluated in the north of the endorheic area of the Padurea
Craiului Mount!ains, on the medium and upper course of the Miniera broux, upsteem of
Cadldjea, and has a surface of about 13 km?.
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karst, the available specific ennval meen 1uncff of the respective basin
(4a) can be acressed. By compaiing the values of the measured (q) and
avallable (q,) speeitic annual mean rurctf, the presence of losses or contri-
butions frem/in the respective hydrographic basin is highlighted, as well
as theiy valucs.

Here sre the main courses in the Pidurea Craivlui Mountains which
feature particulir aspects in the distribution of runoff.

The Mricra valley represents a permarent surface ccuire, with a
hvdregrayp hie basin situated at the highest altitude in the karst area of
the massit. It 18 15.5 kms long and boast a reception basin of 17.5 #q. kms,
which develops in the eéncorheie zene of the massif, primarily between
the karst plateaus of Igret and Zece Hotare, which is why it is particularv
difficelt to assess the area of the hydregeolegie basin. The numercus springs
in the uwpper covrse cn the right-hand bark beaspek an extenticn of the
basin. to the terrains covered by the Zece Hcotare plateau.

1he discharge measurements conducted in different sections of the
Mmniera brook indicate the presenee f a massive infiltration area in the
valley thalweg in the Cornet area (Figure 6). According to the labellings
performed, the infiltrated waters are guided towards the spring at Moara
Jurjii. Figure 6 also thows a poweriul rise in the slope of the brook
inbctween Filip’s Spring and the Cornet, which is an cutcome of the succes-
sive karstic capture of the brook in the Saua Gurguiatu-Potriva Cave
zone, accompanied by its erosive action to attain a new equilibrium
profile. The major hydrolegic effect ¢f the karstic capture was the inter-
ruption of the flow of the Mniera brock waters towards the Beius basin
and their underground direction towards the Vad basin.

The hydrometrie station at Calatea, lecated on the lower course
ol the Mriera brock, registered an mean multiannual dischaige of 286 1/sce
in the 1¢67--1674 mterval (Kigure 7), th> mean secasonal flow being
distributed, in terms of percentages, as follows: 31.6 per cent in spiing,
17.7 per cent in sumimer, 16.3 per cent in automn, 34.4 per cenrt in winter.
Runoif at the Calatea hydiomctric station stopped in the droughty periods
of a prolonged autumn. -

The Topa brock collecets the waters in the western part of the Fidurexn
Craiulul Mountains, from an arca extending on 143 sq.knig, as was assessed
2t the Hidigel hydromettic staticn. The processing of the hydremetric
data suplicd by the hydrometrie station at Virciorog, which hydro-
metricaliy contrels the upper basin of the Topa brook, whose area is of
72.5 sq.kms, indicates a high runeff defieit (6.6 1/sec sq.kms for the hydro-
logic year X.1932--1X.1983), owing to the karst capture in the basin
of the Poiana and Surducel tributaries, captures which direct surface waters
to the underground towards the spring at Astileu. Substantial water
infiltrations in the carbonate rocks are also registered in the thalwee of
the Topa valley between the contflvences with the Copil valley and the
Magura valley, a sector that i1s completely dry during dreughty periods.

1he aiffluence surface in the upper basin of the Topa breok, which
18 situated vpstream of the contluence with the Maguiii brock, extends
on 66 vq.kni, an wrea which contributes rcughiy 66 por eent of its available
water 1o the rupply of undergiound wquifcas (478 l/zee in 1he hydrslegie
year X.iv82—1A.1¥83), wii amcunt oty neitially found in «h wischarge
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of the spring at Astilen). Figure 8 cshows the monthly variation of the
specific annual mean runoff of the brook at the hydrometric station at
Virciorog.

Figure 7 — Mean monthly disch-
arge distribution of Mniera brook
in Galatea gauging slation in
1907—-1974 (a) and X.1982-
IN.1863 (b) time intervals.
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Iigure 8 — Mean monthly discharge
distribution of Vida brook in Luncasprie
gauging slation (a) and (b) and of Topa ® =3
brook in Virciorog gauging station (b), ' E_
in X.1982—1X.1983 hydrologic year. o : "
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The Vida brook is 21.5 km long and has a reception basin extending
on 28 sq.kms and a hydrogeologie basin stretching on roughly 55.5 sq. kmx,
to the Luncasprie station, & device located upstream of Vida lake. The
hydrometric data registered by that station do not indicate the presence
of wide-scope hydrologic relationships with neighbouring basins. Figure 8
shows the monthly variation of the mcan specific discharge.

- Permanent water losses through the thalweg are recorded in the
upper section of the Vida brook, situated upstream of Pestera cu Api
cave in the Letea valley. During periods of drought these losses amount
to 10—15 I/sec, downstream of the Apa de sub Stan spring. We belive the
Infiltrated waters are drained towards the Izbindis spring, thus generating
a diffluence surface extending on roughly 2.5 sq. kms.

The Misid brook, in its upper course known as the Luncilor valley,
shows partial flow losses in the section situated upstream of the Filii
gpring and total temporary losses in the section inbetween the Moanei

cave and the confluence with the Bocoi brook. Tracer labellings show
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that the infiltrated waters were caught by the Bratcani spring, a diffluence
surface extending on 12.5 gq.kms thus dlqtmgm&hlng itselt. Downstream
of the confluence with the Sesii brook, the Misid brook boast a temporary
flow regime, as a probable outcome of its drainage by the underground
course 1n the Pestera Vintului cave.

Karstie capture phenomena also cecur in the case of the Boiu brook,
a tributary of the Crisul Repede river. Upper-course infiltration generate
a D s8q. kms diffluence area. The fact 1s noteworthy that the underground
course in the Sincuta cave belonging to the hvdrogeological karst system
of the Pegtera cu Apd de la Bulz cave, runs below the wurface flow of
the Boiu brook.

The Cutilor Valley, a tributary of the Rosia brook, boast a temporary
flow regime on the lower section, in between the spring of (Cioroiul Vilii
and Cloroiul, the massive mfilt rations being directed underground towards
the Toplita de Rogla spring. In this way, a diffluence surface extending
on 4 gq. kms o. s. 18 formed.

In the upstream sector formed of Anisian and Ladinian dolomites
and hmestones, structuraly belonging to the Remeti graben, the Soimusul
Drept features total temporary infiltrations through the alluvia in the
bed. The infilirated water reappear in the Firez spring and in the perma-
nent source below Pestera cu Apa din valea Lesului cave, sources situated
in the Iad Valley basin. The diffluence surface area extends on roughly
1.5 8q. kms.

The value of the infiltrated speecific annual mean discharge is of
2.5 l/s 8q. kms (Table 3) in the Soimusuri brook basin, which lies upstream
of the confluence with the Teplicioara brook, in X.1982—1X.1983 hydro-
logic year. Infiltrations occur both in the previously mentioned diffluence
area and 1n the basin of the Valea Seaci tributary and on the section of
the Soimusuri brook sitvated immediately downstream. Infiltrations are
probably directed towards the lzbuneald sprirg in the Schodol brook
basin.

The water of the Birtin brook, immediately downstream of the
spring area under the Crucea Hill, infiltrate diffusely in the carbonate
underlayer, the distance they manage to cover the epigene route being
directly proportional to the volume of precipitations. The infiltrated waters
probably contribute to the supply of the Vadu Crigului resurgence cave.
The diffluence surface extends on 2.5 sq. kms o. s.

7. AHYDROGEOLOGIC CHARACTERIZATION OF THE PADUREA
CRAIULUI MOUNTAINS

Owing to the great lithclogic variety and the different tectonization
degree of the deposits making up the lithologic structure of the Piadurea
Craiului Mountains, five types of formations, boasting different modes
of supply, circulation, storage and discharge of groundwater, were hydro-
geologically individualized :

7.1. Carbonate mesozoic series (limestones, dolomites) of large
thickness, highly fractured and karstified, exhibiting large infiltration
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capacity and storage groundwater flow. Numerous springs with flow rate
up to H00 1/xec, and elevated variability index. Important resources stored
below the discharge level of the spring.

7.2. Detritic deposits of Volhyvnian-Quaternary age (sands, gravels,
boulders, shaleg), with reduced thickness and extension, hosting important
croundwater pores-flow. They store limited aquifer accumulation, generally
with water table. Local importance.

7.3. Mostly detritie deposits of Permo-Merozole age (randstones,
conglomerates and less frequently shists), with permes blhh of h\mm
and pores with discontinuous distribution and dev elopment. The oround-
water flow is mostly confined to the fissured areas, which mayv supply
springs with flow rate up to b Ijsec. They frequently act as the bed and/or
the essentialy impervicus ecaprock for aguifer accumulations occuring
in the adjoining carbonate deposits.

7.4. Subsequent alpine magmatites (banatites) and metamorphites,
with permeability of figures with discontinous distribution and intensity.
The groundwater flow confmed to the weathered surficial strata and
to the fractured areas, supply springs with reduced flow rate (up to
1 1/sec. )

7.5. Marly and shaly deposits, devoid of groundwater flow and
flysch-like series including rock-complexes of variable permeability (shales,
shistes, marls, sandstones, limestones), hosting occasionnary discontinuous
aquifers accumulations occuring in the more permeable terms.

The attached hydrogeolcgical map shows these five types of forma-
tions, as well as their detailed lithologic structure.

8. THE HYDROGEOLOGY OF KARSTIC TERRAINS

The karstic aquiferous accumulations in the Padurea Craiuluir Moun-
{ains are relatively scattered and of variable expanses, as prompted by
the development of karstic terrains. They make up a gigantic aquiterous
complex, lithologicaly constituted by the three aforesaid carbonate series
("Trassic, Jm‘mﬂc Cretaceous and Crets reeous), separated by two mmper-
meable streaks (IDojurassic quartzitic sandstones an Aptian E(iIEJ& marls).
On a regional scale, due to the intense cracking, consequence of the tectonie
action on the rock-massif, the water-bedies from the above-mentioned
arbonate series are interconnected. Yet on restricted areas these carbo-
nate series may include isolated aquiferes, thus allowing distincetion between
{riassic, jurassic-cretaceous and cretaceous aquifer-complexes.

On its entire expanse, the impermeable bed of the aquiterous comyplex
ix chiefly made up of Permio-Werfenian detritic deposits. They cropout
on the eastern side of the Pidurea Craiului Mountains and slowly sink
to the West, together with the structure as a whole. The sinking 1s broken
by numoroub, prevailingly inverse,vertical faults of relatively low heights,
which are not enocught to bring 1hE‘ impermeable bed above ground.

Aquiferous accumulations are located in the channels and fissures
of the carbonate rocks and they are supplied both by the precipitations
that fall on the cutceropping area ol hmestones and dcolomites, and by






	scan0001.pdf
	scan0002.pdf
	scan0003.pdf
	scan0004.pdf
	scan0005.pdf
	scan0006.pdf
	scan0007.pdf
	scan0008.pdf
	scan0009.pdf
	scan0010.pdf
	scan0011.pdf
	scan0012.pdf
	scan0013.pdf
	scan0014.pdf
	scan0015.pdf
	scan0016.pdf
	scan0017.pdf
	scan0018.pdf

