BATI TOROSLAR'DA TEKTONIK iLE KARSTLASMA
ARASINDAKI ILGIiYE BiR ORNEK;
MANAVGAT-OYMAPINAR BARAJ YERI

Saydun ALTUG
E. I E. Idaresi Genel Direktorliigii, Ankara

GIRIS

Tiirkiye'nin giineyinde, Antalya sehrinin takriben 80 km dogusunda,
Manavgat irmag; tizerindeki Oymapinar baraj yeri ve rezervuarinin tek-
tonik ve karstik problemlerinin ¢6ziimii i¢in, 1963 yilindan beri genis ve
detayli aragtirmalar yapilmistir. Karstik kiregtaslar: tizerinde yapilmasi
disiintilen kemer tipindeki baraj, Manavgat irmaginin hidroelektrik po-
tansiyelini diizenlemek ve Akseki Aliiminyum Endiistrisinin enerji ihti-
yacini karsilamak maksadiyla planlanmustir.

Cok sayida karstik pinarlardan beslenen Manavgat irmaginin Oyma-
pinar koyii 6l¢iim istasyonundaki yiizeysel drenaj alan1 715 km? olup,
bu miktar kapali havzalarla (polyeler) birlikte 929 km? ye ulagmaktadir.
Mevcut 24 yillik kayitlara gore ortalama debi 1563 m®/san. olgiilebilen
maksimum feyezan debisi takriben 110 m®/san. (ocak, 1968) ve mini-
mum debi 26,4 m’/san. dir. Manavgat ilgesindeki 27 senelik kayitlara gore
yillik yagis 1260 mm olup, yaz doneminde (temmuz-eyliil) yagisin ancak
% 2 si diilgmektedir. Agustos ve eyliil aylarinda, irmak, suyunu genis 6l¢ii-
de beslenme alanindaki karst birikiminden (retention) temin etmektedir.
Tamamen yagissiz gecen 1963 yilinin agustos ve ekim aylarinda irmaktan
gecen su 450 X 10° m® e balig olmustur.

BOLGESEL JEOLOJi, HIDROJEOLOJI VE BOYA TECRUBELERI

Bolgedeki en eski birim Paleozoikle alt seviyelerine (Devonien) ait
mermer bant ve merceklerini muhtevi metamorfik sistlerdir. Paleozoikin
tist seviyeleri, Permo-Karbonifer yasli dolomilesmis ve yeniden billtirlas-
muis kirectaslariyle temsil edilmistir.

Mesozoik, Ust Jura yagh kiregtagi, kumtagi ve marn ardalanmasi (rit-

mik seri) ile baslamakta, Kretase yasl kirectaslariyle devam ederek, Kre-
tasenin {ist seviyelerini temsil eden Kkilli kirectasi, kumtasi, radyolarit ve
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kayraklardan (slate) miitesekkil flisimsi bir formasyonla nihayete ermek-
tedir.

Tersiyer kalin bir taban konglomerasi, kiregtas: ve daha ziyade kum-
tast, seyl ardalanmasindan miitesekkil kirintilarla (elastics) temsil edil-
mistir. Kuaternerde akarsu kokenli taragalar, aliivyonlar ve yamag¢ molo-
zu vardir.

Bolgedeki yapisal gidisler, kuvvetli bir Alp tektonigini karakterize et-
mektedir. Dag tesekkiilii Permien sonunda baslamuis, fakat asil orojenik
gelisim Ust Kretaseden sonra olmus (Laramien safhasi) ve bélge genellik-
le ana yapisal taslagini kazanmuistir. Paroksizma Pireneen safthasina teka-
biil etmektedir. Alpin hareketleri Pliosen sonuna kadar devam etmistir.

Kivrimlar daha ziyade NNW-ESE gidislidirler. $iddetli tektonik ha-
reketler neticesi kivrimlarin eksen gidislerine paralel lonjitiidinal bindir-
meler (upthrusts) ve sariyajlar meydana gelmistir.

Hidrojeolojik 6zelliklerine gore, Permien ve Kretase kiregtaslariyle
Miosen taban konglomerasi ve kiregtas: bolgenin su tasiyan formasyon-
laridir. Karst sebekesi bu birimler icinde gelismistir. Diger seriler bolge-
nin gecirimsiz seddelerini teskil etmektedir.

Sinirh bir karstlasma olay1 Permien sonunda dolomili kiregtaslarin-
da baslamus, fakat asil devamli karstlasma Kretase sonunda, bolgenin ya-
pisal taslagini kazanmasini miiteakip gelismis ve siddetli yiikselimlerin
(upliftings) oldugu Pliosende, bilhassa diisey anlamda gelisimini devam
ettirmistir. Bolgedeki karst yollari, daha ziyade kivrim eksenleri, N-S ve
E-W gidisli eklem sistemleri ve fay hatlar1 boyunca goriilmektedir.

En biiyiik debili (25-50 m*/san.) Dumanl kaynag; flisimsi fasiyesinin
kontaktina yakin yerde, antiklinalin giiney kanadindaki Kretase kire¢-
taslarindan ¢ikmaktadir. Flisimsi fasiyes ile Kretase kiregtas: arasinda-
ki kontakt NW-ESE gidisli bir bindirmeye tekabiil etmektedir. Diger bir
grup kaynaklar (M1, 6.12; M4, 5) Paleozoik kiregtas: ve mermerlerinden
fay ve eklem sistemleri boyunca ¢ikmaktadirlar. Giineydeki en biiyiik
karstik kaynak (M15) Miosen kiregtast ile ince kirintilarin kontaktindan
gelmektedir. 4.12.1967 tarihinde debisi 3.039 m?*/san. olarak 6l¢iilmiistiir
(Sek. 1).
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Bolgede biiyiik ¢apta ilk boya tecriibeleri 1967 yilinda yapilmis ve
kantitatif neticeler elde edilmistir. Takriben 25 kg fliioresin, 6 may1s saat
12.30 da M15 no.li kaynagin 3.5 km batisindaki Diidengay1 diidenine
atilmistir. 87 m kotundaki diiden, Miosen kirectas: icinde gelismistir
ve estival tipi bir kaynak olup, alici-verici olarak ¢aligmaktadir. Boya, 7
mayis saat 2.30 da M1, M12 ve M15-M23 no.li kaynaklarda fliiovimetre
altinda goriilmiistiir. Buna gore, karstik yeralt1 suyunun hizi ortalama
0.06 m/san. olarak hesaplanmistir. Diidenin hemen yanindaki sondaj
kuyusunda minimum yeralt1 suyu seviyesi kot olarak 32.89 metredir.

Diidengay1 diideni ile kaynaklar arasindaki karst yolu Miosen kireg-
tasinin gecirimsiz kirintilarla olan kontakt: tabakalarima ve N-S, E-W
gidisli dikdortgen bir 6rnek sunan eklem takimlar1 boyunca gelismistir.
Bu karst sistemi Paleozoik sag sahil kaynaklarini da beslemektedir. Ay-
rica, M13 ve M14 kaynaklari arasinda irmagin altindan gegen bir sifon
sistemi bulunmaktadir.

Ikinci fliioresin boya tecriibesi, baraj yerine, direkt mesafesi takri-
ben 40 km olan Akpinar kaynag1 veya diidenine 75 kg fliioresin atmak
suretiyle yapilmistir. Karstik kiregtaslar1 i¢inde gelisen bu diidene verici
olarak ¢alismadig1 zaman girilmis ve 6-7 m derinde devamli akan bir ye-
ralt1 suyunun varlig1 miisahede edilmistir. 6 temmuz saat 13.30 da, 940
m kotundaki bu diidene atilan boya, Miosen kaynaklarinda (M15-M23)
fliovimetre altinda 9 agustos tarihinde goriilmistiir. Buradan karstik
yeralt1 suyunun hiz1 0.01 m/san. olarak hesaplanmuigtir.

Manavgat irmaginin 30 km batisinda, Kopriigay irmag sol sahi-
linde 160 m kotundaki Oluk kaynaklarinda da boya tespit edilmistir
(25 temmuz). Fakat bu netice oradaki gegirimsiz, Jura yash arjillitlerin
varligindan dolay1 siiphelidir. Dr. S. O. Eroskay'a gore, en makul izah
tarzi, Kirkgecit deresiyle ylizeyden bir akisin mevcudiyetidir. Ayrica,
Dumanli kaynaginin kuzeyindeki antiklinalin ¢ekirdegindeki Jura-rit-
mik serisi, Diidengay1 ile Manavgat irmag1 drenaj havzalari arasinda bir
yeralt1 su bolimii hatt1 teskil etmektedir. En biiyiik debili Dumanli kay-
nag1 da kuzeydogudan beslenmektedir.

OYMAPINAR BARA] YERI; TEKTONIK VE KARSTLASMA

Disiiniilen baraj aks: Permo-Karbonifer yasli dolomili kiregtaslari-
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nin teskil ettigi dar bir bogazin memba kismindadir. Baraj kemer tipte
olup, temelden itibaren yiiksekligi 188 metredir.

Dolomili kiregtaslar1 kuzeyden ve giineyden Devonian yash meta-
morfik sistlerle ihata edilmistir. Daha giineyde, Miosen taban konglo-
merasi ve kirectasi eski temel tizerinde diskordan olarak durmaktadir
(Sek. 2).

Permien kiregtaslari, eksen gidisi NNW - ESE olan dar ve ezik bir
senklinal meydana getirmektedir. Bu senklinalin her iki kanadinda me-
tamorfik sistlerde olan kontaktlar faylidir (F1 ve F3). Alpin primer stre-
sinin istikameti NE olup, SW yonliidiir. Eski kitle kenarinda siddetli bir
geri tepme tektonigi meydana gelmistir.

Baraj yerinde yalniz dolomili kiregtaslarinda toplam 1450 m uzun-
lugunda arastirma galerisi agilmis ve toplam 3176.74 m uzunlugunda
karot sondaji (core borings) yapilmistir.

Miihendislik jeolojisi problemlerine de cevap vermek iizere aras-
tirma galerilerinde yapilan mikrotektonik ¢aligmalar esnasinda, 1890
olcii istasyonu kullanilarak, bes cesit yapisal diizleme ait 16 295 adet
egim dogrultu ve miktar1 6l¢tiilmiistiir. Yapisal sekillerin toplam adete
gore ylizdeleri: tabakalanma % 20, kapali eklem % 61.18, kalsit dolgulu
eklem % 6.1, kil dolgulu eklem % 0.32, breslesmis hatlar % 6.7 ve cilal
gizikler eklemler % 4.7 dir.

Dolomili kiregtaslar1 ince ve orta tabakali olup, siddetli kivrimli, ek-
lemli ve kiriklidir. Senklinal kanatlarinda tabakalar genellikle dik egim-
li ve ondiilelidir.

Eklemlerin istatistik analiz neticelerine gore, dolomili kirectaslarin-
daf senklinal eksenine paralel (boyuna eklemler), eksene dik (enine ek-
lemler) ve birbirleriyle dar a¢1 yapan diyagonal makaslama tipi eklemler
gelismislerdir.

N 6°-45°E, 60°-80°NW duruslu ve nehre paralel olan eklemler, N
20°-75°W, 50°-75°NE duruslu ve nehre dik olan eklemler ve kiriklar
karstlasmanin en belirgin oldugu yapisal diizlemeleri teskil etmekte-
dirler. Ayrica, sol sahilde, bogazin mansap kesitinde agilan galerilerde
goruldigu gibi, dik egimli tabakalanma diizlemleri de karsilasmanin
gelisiminde rol oynamislardir.
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Arastirma galerilerindeki gozlemlere, kuyularda yapilan basingli su
deney neticelerine ve yeralti suyu rasatlarina gore, dolomili kiregtasla-
rinda i tip karstlagma ayirt edilmistir.

A. Ana gidisler boyunca gelisen karstlasma

Biiytik agikliklar, kalsit ve kil dolgulariyle karakterime edilen bu tip
karstlasma nehre paralel veya dik eklemler boyunca gelismistir.

Sag sahilde 37 m kotunda agilan galeride rastlanan N25°-30°E, 50°-
70°NW duruslu (A) ekleminin agikligi 0.50 m ila 3.00 m arasinda degis-
mekte olup, nehir seviyesine kadar inmektedir.

Sol sahilde 85.59 m kotandaki galeride goriilen 1-1.5 m genisligin-
deki karstlasma zonu (B), N25°E, 65°NW ve N25°W, 80°SW duruslu
kesisen iki eklem boyunca gelismistir. Karst zonunun agiklig1 asagiya
dogru daralarak devam etmektedir.

Haritada (C) harfi ile gosterilen magaranin giris kotu 40 m olup,
icindeki kiigiik gollerden yapilan boya tecriibelerine gore, senklinal ek-
seni yakinindaki bu magara M1 ve M3 kaynaklarryla irtibatlidir. Maga-
ranin olusumunda, nehre dik ve paralel eklem takimlarinin mevcudi-
yeti bityiik rol oynamaistir.

Sol sahilde bogazin mansap kisminda 50.02 m ve 121.30 m kot-
larinda agilan tiinellerde rastlanan, kismen kalsit ve kil dolgulu baca
bi¢cimindeki magaralar daha ziyade tabakalanma diizlemleri boyunca
gelismislerdir.

Bu tip karstlasmaya sondaj kuyularinda, yeralt: suyunun en diisitk
oldugu seviyelerde rastlanilmis ve bu zonlarda basingli su tecriibelerin-
de maksimum su kayiplar1 olmustur.

B. Kesisen eklemler boyunca gelisen karstlasma

Bu tip karstlagsma, arastirma tiinel ve sondajlarinda, 1-5 cm kalin-
liginda kalsit damarlar1 ve kiigiik bosluklar seklinde goriilmektedir.
Kalsit damarlarinin devamlilig1 sinirhdir. Kiigiik erime bosluklar: da
genellikle kismen kalsit ve kil dolguludur. Yapilan basingli su tecriibele-
rinde bu tip karst zonkrmda biiyiik su kagaklar: tespit edilmistir, F2 fay:
yakinindaki diisey kuyuda —60.67 m ila —62.67 m kotunda yapilan
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tecriibede 4.8 kg/cm? Ilk bir basing altinda 25 litre/metre dakikalik bir
su kayb1 olmustur. Bu tip eklemler daha ziyade, E-W ve N-S gidisli ana
eklem ve kiriklara paralel olarak gelismislerdir.

C. Irtibatsiz erime bosluklar1 (jeodlar)

Caplar1 1-5 cm arasinda degisen bu bosluklar genellikle kalsit dol-
gulu olup, bilhassa karot sondajlarinda bol miktarda miisahede edil-
mislerdir. Basingl su tecriibelerinde yiiksek basing altinda dahi nazari
itibara alinmayacak kadar diistik su kayiplar: kaydedilmistir.

Dar bogazda dolomili kiregtaslarindan nehir seviyesine yakin yer-
lerden ¢ikan ve toplam debileri 7-8 m®/saniyeye ulasan ¢ok sayidaki
karstik pinarlar genellikle ana yapilarin egim diizlemleri boyunca ge-
lismis karst yollarindan gelmektedir. Bunlardan, M1, M4 F2 ile; M7,
M11, M12, F4 ile; M2, M6, F3 fayi ile ilgilidir. M4 ve M5 primer olarak
doguya dogru uzanan dolomili kiregtaslarindan beslenmektedir.

Gerek rejimleri, gerekse kimyasal bilesimleri bakimindan Paleozo-
ikten ¢ikan kaynaklar, kuzeyde Kretaseden ¢ikan dumanli kaynagindan
(Sek. 1) ve giineyde Miosenden ¢ikan kaynaklardan ve ayrica Manavgat
nehrinden ¢ok farklidir.

Sol sahilden ¢ikan M4 ve M5 kaynaklarinin isilar1 durayli olup,
16.5°C ila 17°C arasinda degismektedir. Buna mukabil, M1 kaynag-
nin 1s1s1 4 mart-20 mayis arasinda 12°C-14.5°C, bilahara 16.5° ve kasim
ayinda tekrar 12°C dir. M15 kaynaginin, 1s1s1 12°C ila 13.5°C, Dumanh
kaynagin 10.5°C ve irmagin 1s1s1 11.5°C ila 12.5°C arasinda degismek-
tedir.

Sondaj kuyularinda yapilan rasatlara gore, dolomili kiregtaginda her
iki sahilde de ¢ok diisiik bir hidrolik egime sahip olan yeralt: suyunun
minimum seviyesi hemen hemen nehir seviyesiyle aynidir. Eyliil-kasim
ay1 en diisiik periyoda, aralik-mart aylar1 ise en yiiksek periyoda tekabiil
etmektedir.

Netice olarak, dolomili kire¢taglarinda karstlasma, biiytik ol¢tide
tabaka, eklem ve fay hatlar1 gibi yapisal zayiflik diizlemleri boyunca ge-
lismistir. En derin karstlagma, senklinal ekseninin gectigi bogazin mer-
kezi kisminda goriilmektedir.



MANAVGAT - OYMAPINAR BARAJ YERI 85
BIBLIYOGRAFYA
ALTUG, S. (1968): Progressive report on the engineering geology of Ma-
navgat-Oymapinar arch damsite, E.LE., Ankara.
OYMAPINAR DAM and reservoir feasibility study (1967), Energopro-
jekt. Engineerings Consulting Co., Beograd, Yugoslavia.

SENOL, S. (1968): The summary of the report covering the dye tests
carried out in Manavgat-Oymapinar damsite and reservoir area.
E.LE., Ankara.



AN EXAMPLE OF THE RELATIONSHIP BETWEEN THE
KARSTIFICATION AND TECTONIC IN THE WESTERN
TAURUS; MANAVGAT-OYMAPINAR DAMSITE

Saydun ALTUG
Electrical Power Resources Survey Department of Ankara, Turkey

INTRODUCTION

Since 1963, extensive and detailed investigations have been made
to solve the karstic and tectonic problems of the Oymapinar reservoir
area and the damsite, which is located on the Manavgat River, about 80
km east of Antalya City, in the southern part of Turkey. The Oymapinar
project includes an arch-type storage dam and power plant for the de-
velopment of the hydroelectric potential of the Manavgat River, and to
meet the energy requirements of the proposed Aluminium Industry near
Akseki.

The catchment area of the Manavgat River is chiefly formed by karsti-
fied limestones of Mesozoic age. The superficial drainage area at Oymapi-
nar gauge-station is 715 km? (with the closed basins «poljes» 929 km?).
According to the present records for 24 years, average flow is 156.3 cu-
mecs, maximum recorded flow 1100 cumecs (January, 1968), and min-
imum flow 26.4 cumecs (13.11.1964). The annual precipitation for 27
previous years (Manavgat Town) amounts to 1260 mm. The summer
period is almost completely rainless (June-September 2 % of annual pre-
cipitation). The Manavgat River is supplied by considerable amounts of
water from the karst retention. In months of August and September 1963,
which were completely rainless, the runoft of the Manavgat amounted to
450 X 10° cubic meters.

REGIONAL GEOLOGICAL SETTING AND DYE TESTS

In the studied area, the oldest rock unit is the metamorphic schists
containing marble lenses of Lower Paleozoic age. Late Paleozoic is repre-
sented by the dolomitized and recrystallized limestones.

Mesozoic starts with the alternating limestones, sandstones and marls
(rhythmic series) of Jurassic agef and this is followed by limestone and
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flysch-like formation which is composed of clayey limestone, sandstone
and radiolarite.

Tertiary is represented by a thick basal cooglomerates limestone and
the elastics which consist mostly of compaction shale inter-bedded with
sandstones. The river alluviums, terraces and locally considerable thick
slope wastes represent the Quaternary.

In the area studied, the structural trends are characterized by a strong
Alpine tectonism. The mouotain-making movements occurred at the end
of the Permian, but the main orogenic development started in the early
Eocene time (Laramian phase) and continued through the Pliocene. Par-
oxism occurred during the Pyrenean phase.

The series of overthriists and the longitudinal upthrusts, which are
parallel to the fold axes trending in a general NNW-ESE direction, were
formed by Alpine tectonism.

According to the hydrogeological characteristics of the rock units,
the Permian, Cretaceous limestones and the Miocene basal conglomer-
ates and limestones are the water-bearing formations in which the inten-
sive karstification was developed, other formations form the impervious
barriers in the studied area.

A limited karstification started at the end of the Permian, but the
development of the permanent karstification took place during the Neo-
gene phases of the Alpine orogeny. The vertical development of the karst
features occurred during the intensive upliftings of the Late Pliocene and
Pleistocene. The karstic channels follow generally the fold axes, the inter-
sected joint sets and the fault lines.

The largest springs Dumanli (25-50 cumecs), emerges from the Creta-
ceous limestone on the faulted south flank of the anticline. This upthrust,
trending NW-ESE, corresponds to the contact between katstic limestone
and impervious flysch-like formation. The springs at the damsite (M1, 6,
12; M4, 5) come out of the fault and joint systems of the Paleozoic lime-
stones and marbles. In the souths the last and largest spring (MI15) emerg-
es from the contact between karstic limestone and fine-grained elastics of
the Miocene age. Its yield was measured as 3.039 cumecs (on December
4, 1967) (see Fig. 1).
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The first dye test has been carried out during May 1967. About 25 kg
of fluorescein has been injected Into the Diidengay: sinkhole, which is lo-
cated at 3.5 km west of the spring M 15. This sinkhole (87 m a.s.l) is an es-
tival-type springy which is both influent and effluent. After 15 hours, the
coloration of the spring waters of M1, M12 has been determined under
fluovlmeter and the coloration of the springs M15-M23 has been visible
to the naked eye. The average velocity of the water is 0.06 m/sec.

This karstic system has been developed along the contact between the
Miocene limestone and the impervious fine-grained elastics; along the
bedding planes (dipping 35°-40° to the south) the joint sets which repre-
sent a rectangular pattern trending N-W and E-W. This system supplies
the water of the Paleozoic springs emerging from the right bank. Besides,
the existence of a syphon system crossing the river, between the springs
M13 and M 14, has been revealed during this dye test.

The second dye test has been carried out during the months of July
and August, About 75 kg of fluorescein has been injected into the Akpinar
spring or sinkhole (940 m a.s.1.), which is located at appr. 40 km north-
west of the damsite. There exists an underground creek in this sinkhole.
The colored water had emerged out of the Miocene springs M15-M23
and the Paleozoic springs M1, 6, about 38 days later than the injection
time. The average velocity of the water is 0.01 m/sec.

Another coloration of the waters of Olukkoprii springs (160 m
a.s.l.) was observed coming out of the conglomerates on the left bank of
Kopriigay River, which is located 30 km west of the Manavgat River. But
this result is doubtful, due to the existence of the impervious argillites of
the Jurassic age. Dr. S. O. Eroskay reported that the most reasonable ex-
planation seems the superficial flow, by means of Kirkgecit Creek. On the
other hand, the rhythmic series of the Jurassic agef cropping out in the
core of the anticline, north of Dumanli Spring, forms an underground
water-divide between the Biidengay1 and the Manavgat River catchment
areas.

OYMAPINAR DAMSITE; TECTONIC AND KARSTIFICATION

The proposed dam axis is located at the upstream part of the gorge
which is formed by the dolomitized limestone of Carbono-Permian age.
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The arch-type dam has a height of 180 m from the foundation.

The dolomitized limestones are flanked, both on north and south,
by the metamorphic schists which belong to the older parts of the Pale-
ozoic. Further south, this basement complex is discordantly overlain
by the basal conglomerates and the limestones of Lower Miocene age
(Fig. 2).

The Permian limestones form a very tight and disturbed syncline
with an axis trending NNW-ESE. On the flanks, both of the contacts
between dolomitized limestones and schists are faulted (F1 and F3).
The direction of the Alpine primary stress is NE-SW. The very strong
tectonic movements occurred along the contacts of the old basement.

In the old dolomitized limestones, the core borings for a total length
of 1450 m and 14 exploratory tunnels and adits for a total length of 3176
m have been completed up to 1968.

During the micro-tectonic investigations, totally 16 295 azimuths
— dip amounts which belong to six kinds of structural planes— were
measured by using 1890 measurement stations. The kinds and percent-
ages of the structural planes are: bedding 20 %, tight joint 61.18%, joint
filled with calcite 6.1 %, joint filled with clay 0.32 %, brecciated lines or
zones 6.7 % and slickensided surfaces 4.7 %.

The thin to medium-bedded dolomitized limestones are strongly
folded, jointed and fractured. The beds on both flanks of the syncline
are steeply dipping and plicated.

According to the results of the statistical joint-analysis, the longi-
tudinal joints (parallel to the syncline axis), the cross joints (perpen-
dicular to the syncline axis) and diagonal shear joints have been distin-
guished in the limestones.

The joints and fractures with the attitudes N6°-45°E, 60°-80°NW
(parallel to the river), N20°-75°W, 50°-75°NE (perpendicular to the
river) are the most distinctive structural planes along which the main
karstification was developed. Besides, the bedding planes, which are
steeply dipping, played an important role in the development of the
karstic features, as seen at the left-bank downstream adits.
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According to the investigations in the exploratory adits and tunnels,
the ground water observations in the drilling hole, and the water-pres-
sure test results, three types of karstification are differentiated in the
dolomitized limestone mass.

A. Karstification developed along the major trends

This type of karstification, which is expressed as large openings and
calcite-clay fillings, occurs along the joints and fractures trending par-
allelly or perpendicularly to the river.

Joint (A) occurring in the right-bank adit (37 m a.s.l.) strikes N25°-
30°E and dips 50°-70°MW. The width of this karstic opening varies from
0.50 to 3.00 m and it extends downward up to the river level.

The karstic zone (B) in the left-baek adit (85.59 m a.s.l.) occurs
along the intersected joint planes with the attitudes N25°E, 65°MW and
N25°W, 80°SW. The width of the openings and the calcite veins varies
between 1 and 1.5 m. It extends downward by narrowing.

The cavern (C) occurring in the left-bank adit (48 m a.s.l.) has de-
veloped along the intersected joint sets striking appr. parallel and per-
pendicular to the river. The interconnection between this cavern near
the syncline axis and the spring M1 and M3 is confirmed by the dye
tests.

The caverns in the form of the chimney f which occur in the left-
bank downstream tunnels (50.02 m and 121.30 m a.s.l.), have developed
along the bedding planes. These caverns are partly filled with calcite and
clay.

This type of karstification is also corresponding to appr, minimum
levels of the ground water. These zooesf which are characterized by the
solution cavities partly filled with calcite and clay, cause maximum loss-
es during the water pressure tests.
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B. Karstification developed along intersected joints

This type of karstification occurs in the exploratory aditsf tunnels and
borings, as calcite veins (1-5 cm thick) and small openings which are mostly
filled with calcite and clay. These karstic features cause considerably impor-
tant water losses (under 4.8 kg/cm?® pressure, 25 liters per meter per minute
between —60.67 and —62.67 m in the drilling hole neat the fault F2). The
karstified joints trend generally parallelly or perpendicularly to the river.

C. Isolated solution cavities (geodes)

They occur in the tunnels and especially in the borings as small solu-
tion cavities (1-5 cm diam.) which are partly filled with calcite. This type of
karstification shows very low water losses, under high pressure (10 kg/cm?)
during the water-pressure tests.

Numerous karstic springs (totally 7-8 cumecs) emerge from the dol-
omitized limestone within the limits of the narrow gorge. These springs
enter the river at about river level. They are coming out of the karstic ways
which developed along the dip planes of the main structural features. M1
and M4 are related to the fault F2; M7, M11, M12 to the fault F4; M2 and
M6 to the fault F3; M4 and M5 are primarily feeding from the dolomitized
limestones extending towards east.

In conformity with the data concerning the regimen, temperatures and
the content of chemical matters, the springs emerging from the Paleozoic
are strictly different from the Dumanli Spring coming out of the Creta-
ceous and the springs emerging from the Miocene (see Fig. 1).

On both sides, the ground-water level has a very low hydraulic gradi-
ent. Its minimum level is nearly the same with the river level. The months
of September and November correspond to the lowest period, December
and March to the highest period.

In conclusion, the karstic features in the dolomitized limestone occur
along the weakness planes as the beddings jointing and faulting. The in-
tensive and deepest karstification was developed in the central part of the
gorge, where the synclinal axis cuts across the river.
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