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Tiirkiye'nin glineyinde” Antalya sehrinin takriben 80 kin dogu*
sunda, Manavgat irmagi uzerindeki Oymapioar baraj yeri ¥e rezer-
vuarinin tektonik ve karstik problemlerinin ¢ozimi icio, 1963 yi-
Imdan beri genis ve detayli arastirmalar yapilmustir* Karstik kirece
taglar1 uzerinde yapilmasi diisiiniilen kemer tipindeki baraja Manav-
gat irmaginin hidroelektrik potansiyelini diizenlemek ve Akseki Alii-
minyum Endustrisinin enerji ihtiyacin1 karsilamak maksadiyla plan-
lanmistir«

Cok sayida karstik pinarlardan beslenen Manavgat irmaginin
Oymapmar koyu oOl¢cim istasyonundaki ylizeysel drenaj alant 715
km® olup, bu miktar kapali havzalarla (polyeler) birlikte 929 km’
ye ulagsmaktadir, Mevcut 24 ywyillik kayitlara gore ortalama debi
1563 m’/san« Olgiilebilen maksimum feyezan debisi takriben 110
ra’/sanu (ocak, 1968) ve minimum debi 26,4 m’/$an* dit* Manavgat
ilcesindeki 27 senelik kayitlara gore yillik yagis 1260 mm olup, yaz
doneminde (temmuz-eyliil) yagisin ancak % 2 si diismektedir« Agus-
tos ve eylul aylarinda” 1rmak, . suyunu genis ol¢iide beslenme ala-
mndaki karst birikiminden (retention) temin etmektedir. Tamamen
yagissiz gecen 1963 yilinin agustos ve ekim aylarinda irmaktan ge-
cen 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,
Paleozolklfi lst seviyeleri® Permo-Karbonifer yashh dolomilesmis ve
yeniden buiurlagsmis kirectaglariyle temsil edilmistir.
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Mesozoik, Ust Jura yash kirectasi, kumtasi ve marn ardalan-
mas1 (ritmik seri) ile baslamakta, Kretase yash kirectaslariyle de-
vam ederek, Kretasenin ust seviyelerini temsil eden Kkilli kiregtasi,
kumtasi, radyolarit ve kayraklardan (slate) miutesekkil flisimsi bir
formasyonla nihayete ermektedir.

Tersiyer kalin bir taban konglomerasi, kire¢tasi ve daha ziyade
kumtasi, seyi ardalanmasmdan mutesekkil kirintilarla (elastics) tem-

sil edilmistir. Kuaternerde akarsu kokenli taracalar, aliivyonlar ve
yama¢ molozu vardir.

Bolgedeki yapisal gidisler, kuvvetli bir Alp tektonigini karak-
terize etmektedir. Dag tesekkulii Permien sonunda baglamis, fakat
asil orojenik gelisim Ust Kretaseden sonra olmus (Laramien saf-
hasi) ve bolge genellikle ana yapisal taslagini kazanmuistir. Paroksiz-

ma Pireneen safhasina tekabiil etmektedir. Alpin hareketleri Pliosen
sonuna kadar devam etmistir.

Kivrimlar daha ziyade NNW-ESE gidislidirler. Siddetli tekto-
nik hareketler neticesi kivrimlarin eksen gidislerine paralel lonji-
tudinal bindirmeler (upthrusts) ve sariyajlar meydana gelmistir.

Hidrojeolojik ozelliklerine gore, Permien ve Kretase kirectas-
lartyle Miosen taban konglomerast ve kiregtasi bolgenin su tasiyan
formasyonlaridir. Karst sebekesi bu birimler icinde gelismistir. Di-
ger seriler bolgenin gecirimsiz seddelerini teskil etmektedir.

Sinirlt bir karstlagsma olayr Permien sonunda dolomili kirec-
taslarinda baslamig, fakat asil devamli karstlasma Kretase sonunda,
bolgenin yapisal taslagim kazanmasini muteakip gelismis ve siddetli
yukselimlerin (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 hat-
lar1 boyunca gorulmektedir.

En biiyiik debili (25-50 m’/san.) Dumanli kaynag: fiisimsi fasi-
yesinin kontaktma yakin yerde, antiklinalin giney kanadindaki
Kretase kirectaslarmdan c¢ikmaktadir. Flisimsi fasiyes ile Kretase
kirectasi arasindaki kontakt NW-ESE gidisli bir bindirmeye tekabiil
etmektedir. Diger bir grup kaynaklar (MI, 6.12; M4, 5) Paleozoik
kirectast ve mermerlerinden fay ve eklem sistemleri boyunca cik-
maktadirlar. Guneydeki en buiyuk karstik kaynak (M15) Miosen
kirectasi ile ince kirintilarin kontaktmdan gelmektedir. 4.12.1967
tarihinde debisi 3.039 m’/san. olarak Olciilmiistiir (Sek. 1).
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Bolgede biiyiik capta ilk boya tecriibeleri 1967 yilinda yapil-
mis ve Kkantitatif neticeler elde edilmistir. Takriben 25 kg fliiore-
sin, 6 mayis saat 12.30 da M15 no.h kaynagin 3.5 km batisindaki
Diidengayr diidenine atilmistir. 87 m Kkotundaki diiden, Mlosen
kirectas1 icinde gelismistir ve estival tipi bir kaynak olup, ahci«
verici olarak caligmaktadir. Boya, 7 mayis saat 2.30 da M1, M12
ve M15-M23 no.li kaynaklarda fluovimetre altinda gorulmustur.
Buna gore, karstik yeralti suyunun hizi ortalama 0.06 m/san, ola-
rak hesaplanmistir. Dudenin hemen yanindaki sondaj kuyusunda
minimum yeralt1 suyu seviyesi kot olarak 32.89 metredir.

Diudencayr dudeni ile kaynaklar arasindaki karst yolu Miosen
kirectasinin gecirimsiz kirintilarla olan kontakt: tabakalarima ve
N-S. E-W gidigli dikdortgen bir ornek sunan eklem takimlart bo-
yunca gelismistir. Bu karst sistemi Paleozoik sag sahil kaynaklarini
da beslemektedir. Ayrica, M13 ve M14 kaynaklar1 arasinda irmagin
altindan gecen bir sifon sistemi bulunmaktadir.

Ikinci fliloresin boya tecriibesi, baraj yerine, direkt mesafesi
takriben 40 km olan Akpinar kaynagi veya dudenine 75 kg fliio-
resin atmak suretiyle yapilmistir. Karstlk kirecgtaslar1 igcinde gelisen
bu diidene verici olarak c¢alismadigi zaman girilmis ve 6-7 m de-
rinde devamli akan bir yeralti1 suyunun varligt musahede edilmistir.
6 temmuz saat 13.30 da, 940 m kotundaki bu diidene atilan boya,
Miosen kaynaklarinda (M15-M23) fluovimetre altinda 9 agustos
tarihinde gorulmustur. Buradan karstik yeralt1 suyunun hizi 0.01
m/san, olarak hesaplanmuistir.

Manavgat rmaginin 30 km batisinda, Koprigay irmagi sol sa-
hilinde 160 m kotundaki Oluk kaynaklarinda da boya tespit edil-
mistir (25 temmuz). Fakat bu netice oradaki gegirimsiz, Jura'yash
arjillitlerin varligindan dolay1 stiphelidir. Dr. S. O. Eroskay'a gore,
en makul izah tarzi, Kirkgecit deresiyle yuzeyden bir akisin mev-
cudiyetidir. Ayrica, Dumanli kaynaginin kuzeyindeki antiklinalin
¢cekirdegindeki Jura-ritmik serisi, Duidengayr ile Manavgat irmagi
drenaj havzalar1 arasinda bir yeralti su bolumu hatti teskil etmek-

tedir. En blyiik debili Dumanli kaynagi da kuzeydogudan beslen-
mektedir.
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OYMAPINAR BARAJ YERI; TEKTONIK VE KARSTLASMA

Dustnulen baraj aksi Permo-Karbonifer yashh dolomili Kkirectas-
larmin teskil ettigi dar bir bogazin memba "kismindadit® Baraj ke-
mer tipte olup” temelden itibaren ytiksekligi 188 metredir.

Dolomili Kkiregtaslann kuzeyden ve gilineyden Devonian yash
metamorfik sistlerle ihata edilmistir* Daha giineyde® Miosen taban
konglomerasi ve kirectasi eski temel uizerinde diskordan olarak dur-
maktadir (Sek* 2).

Petmien kirectaglar, eksen gidisi NNW - ESE olan dar ve
ezik bir senklinal meydana getirmektedir® Bu senklinallo. her iki
kanadinda metamorfik sistlerde olan kontaktlar fayhdir (FI ve F3)#
Alpin primer stresinin istikameti NE olup, SW yonludur, Eski
kitle kenarinda siddetli bir geri tepme tektonigi meydana gelmistir*

Baraj yerlode yalmiz doiomlli Kkirectaslarmda toplam 1450 m
uzunlugunda arastirma galerisi agilmig ve toplam 3176,74 m uzun-
lugunda karot sondaji (core borings) yapilmuistir.

Miihendislik jeolojisi problemlerine de cevap vermek tizere
arastirma galerilerinde yapilan mikrotektonik calismalar esnasinda”
1890 olcu istasyonu ku!laniiatak, bes c¢esit yapisal diuzleme ait
16 295 adet egim dogrultu ve miktar1 Olciilmiistiir. Yapisal sekille-
rin toplam adete gore ylizdeleri: tabakalarrma % 20, kapali eklem
% 61.18, kalsit dolgulu eklem % 6,1, kil dolgulu eklem % 032,
breslesniis hatlar % 6,7 ve cilali cizikler eklemler % 4.7 dir*

Dolomili Kkiregtaslann ince ve orta tabakali olup, siddetli kiv"
nmh, eklemli ve kirkhdir, Senkiinal kanatlarinda tabakalar genel»
likle dik egimli ve ondiilefidir,

Eklemlerin istatistik analiz neticelerine gore” dolomili kirectas-
larinda, senklinal eksenine paralel (boyuna eklemler), eksene dik

(enine eklemler) ve birbirleriyle dar a¢i yapan diyagonal makasla-
ma tipi eklemler gelismislerdir,

N 6M5°E, 60°-80°NW duruslu ve nehre paralel olan eklem»
ler, N 20°°75°W, 50°"75°NE duruslu ve nehre dik olarnn eklemler
ve kiriklar karstlasmamn en belirgin oldugu yapisal duzlemeleri tes-
kil etmektedirler. Ayrica” sol sahilde, bogazin mansap Kkesitinde
acilan galerilerde goruldugu gibi, dik egimli tabakalarima diizlemle-
ri de karsilasmanin gelisiminde roi oynamislardir.
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Arastirma galerilerindeki gozlemlere” kuyularda yapilan basing¢l
su deney neticelerine ve yeralt1 seyu rasatlarina gore” dolomili ki-
rectaglarinda U¢ tip karstlasma ayirt edilmistir,

. A- Ana gidisler boyunca gelisen fearstlagma

Buyuk acikliklar, kalsit ve kil dolgulariyle karakterime edilen bu
tip karstlasma nehre paralel ¥eya dik eklemler boyunca gelismistir.

Sag sahilde 37 m kotunda acilan galeride rastlanan N25°-30°E;j
50°-70°NW duruslu (A) ekleminin ag¢ikligi 0,50 m ila 3,00 m ara-
sinda degigsmekte olup, nehir seviyesine kadar inmektedir*

Sol sahilde 85,59 m kotandaki galeride gorulen 1-1,5 m genis-
ligindeki karstlasma zone (B), N25°E, 65°NW ve N25°W, 80°SW
duruslu kesisen iki eklem boyunca gelismistir, Karst zonunun agik-
Iig1 asagiya dogru daralarak devam etmektedir,

Haritada (C) harfi iie gosterilen magaranin giris kotu 40 m
olup, i¢indeki kiicuk gollerden yapilan boya tecriibelerine gore,
senklidal ekseni yakinindaki bu magara MI ve M3 kaynaklariyla
irtibathidir* Magaranin olusumunda” nehre dik ve paralel eklem ta-
kimlarinin mevcudiyeti buiyiik rol oynamuistir.

Sol sahilde bogazin mansap kisminda 50,02 m ve 12 L30 m
kotlarinda acilan tunellerde rastlanan, kismen kalsit ve kil dolgulu
baca bicimindeki magaralar daha ziyade tabakalanma duzlemleri bo-
yunca gelismislerdir.

Be tip karsilasmaya sondaj kuyularindaj yeralti suyunun en
dusuk oldugu seviyelerde rastlanilmis ve bu zonlarda basin¢h su
tecrubelerinde maksimum su kayiplart olmustur*

IL Kesisen eklemler boynaca gelisen fearstlasma

Bu tip karstlagma” arastirma tiinel ve sondajlarinda, 1-5 cm
kalinliginda kalsit damarlar1 ve kiuigiik bosluklar seklinde gorul-
mektedir. Kalsit damarlarinin devamliligt smirhidir» Kiuguk erime
bosluklar1 da genellikle kismen kalsit ve kil dolguludur. Yapilan
basingh su tecriibelerinde bu tip karst zonkrmda buyuk su kagak-
lar1 tespit edilmistir, F2 fayr yakinindaki diisey kuyuda —-60.67 m
ilA —62,67 m kotunda yapilan tecriibede 4*8 kg/cm’ Ilk bir basing
altinda 25 litre/metre dakikalik bir su kaybi olmustur. Bu tip ek-
lemler daha ziyade, E-W ve N-S gidisil ana eklem ve kiriklara
paralel olarak gelismislerdir.
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C* Irtibatsiz erime bosluklan (jeodlar)

Caplart 1-5 cm arasinda degisen bu bosluklar genellikle kalsit
dolgulu olup, bilhassa karot sondajlarinda boi miktarda miusahede
edilmislerdir. Basin¢li su tecriibelerinde yuksek basing altinda dahi
nazari itibara alinmayacak kadar dusuk su kayiplart kaydedilmistir.

Dar bogazda dolomili kirectaglarindan nehir seviyesine yakin
yerlerden ¢ikan ve toplam debileri 7-8 m’/saniyeye ulasan c¢ok sayi-
daki karstik pinarlar genellikle ana yapilarin egim dilizlemleri bo-
yunca gelismis karst yollarindan gelmektedir. Bunlardan, M1, M4
F2ile; M7, Mil, M12, F4ile; M2, M6, F3 fayi ile ilgilidir. M4 ve
M5 primer olarak doguya dogru uzanan dolomili kirec¢tasiarindan
beslenmektedir.

Gerek rejimleri, gerekse kimyasal bilesimleri bakimindan Paleo-
zoikten c¢ikan kaynaklar, kuzeyde Kretaseden ¢ikan dumanli kay-
nagindan (Sek, 1) ve guneyde Miosenden c¢ikan kaynaklardan ve
ayrica Manavgat nehrinden ¢ok farklidir.

Sol sahilden c¢ikan M4 ve M5 kaynaklarinin isilar1 durayli olup,
16,5°C ila 17°C arasinda degismektedir. Buna mukabil, Mi kayna-
gimin 1sis1 4 mart-20 mayis arasinda 12°C-14.5°C, bilaShara 16.5°
ve kasim ayinda tekrar 12°C dir. M15 kaynaginin, 1sist 12°C la

13.5°C;, Dumanli kaynagin 1G.5°C ve irmagin 1sist 11.5°C ila 12.5°C
arasinda degismektedir.

Sondaj kuyularinda yapilan rasatlara gore, dolomili kire¢tasinda
her iki sahilde de c¢ok diisik bir hidrolik egime sahip olan yeralti
suyunun minimum seviyesi hemen hemen nehir seviyesiyle aynidir,
Eylil-kasim ayr en dusik periyoda, aralik-mart aylar1 ise en yuk-
sek periyoda tekabiill etmektedir.

Netice olarak, dolomili kirectaslarinda karstlasma, buyuk ol-
cude tabaka, eklem ve fay hatlar1 gibi yapisal zayifik duzlemleri
boyunca gelismistir. En derin karstlagsma, senklinal ekseninin gec-
tigi bogazin merkezi kisminda gorilmektedir.
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AN EXAMPLE OF THE RELATIONSHIP BETWEEN THE
KARSTIFICATION AND TECTONIC IN THE
WESTERN TAURUS; MANAVGAT-OYMAPINAR DAMSITE
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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 Oymapmar
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 Oymapmar project includes an arch-type storage dam
and power plant for the development of the hydroelectric poten-
tial 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
karstified limestones of Mesozoic age. The superficial drainage area
at Oymapmar gauge-station is 715 km’ (with the closed basins
«polijes» 929 km’). According to the present records for 24 vyears,
average flow is 156.3 cumecs, maximum recorded flow 1100 cumecs
(January, 1968), and minimum 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 rain-
less (June-September 2 % of annual precipitation). The Manavgat
River is supplied by considerable amounts of water from the Kkarst
retention. In months of August and September 1963, which were

completely rainless, the runoff 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 Pale-

ozoic is represented by the dolomitized and recrystallized lime-
stones.
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Mesozoic starts with the alternating limestones, sandstones and
marls (rhythmic series) of Jurassic age, and this is followed by
limestone and flysch-like formation which is composed of clayey
limestone, sandstone and radiolarite.

Tertiary is represented by a thick basal cooglomerate, 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 oc-
curred at the end of the Permian™ but the main orogenic develop-
ment started in the early Eocene time (Laramian phase) and con-
tinued through the Pliocene* Paroxisni 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 di-
rection, were formed by Alpine tectonism*

According to the hydrogeological characteristics of the rock
units, the Permian® Cretaceous limestones and the Miocene basal
conglomerates and limestones are the water-bearing formations in
which the intensive Kkarstification was developed, other formations
form the impervious barriers in the studied area,

A limited Kkarstification started at the end of the Permian” but
the development of the permanent karstification took place during
the Neogene phases of the Alpine orogeny. The vertical develop-
ment of the Kkarst features occurred during the intensive upliftings
of the Late Pliocene and Pleistocene, The karstic channels follow
generally the fold axes, the intersected joint sets and the fault lines.

The largest springs Dumanli (25-50 cumecs), emerges from the
Cretaceous limestone on the faulted south flank of the anticline.
This upthrust, trending NW-ESE, corresponds to the contact be-
tween katstic limestone and impervious flysch-like formation®* The
springs at the damsite (MI, 6, 12; M4, 5) come out of the fault
and joint systems of the Paleozoic limestones and marbles« le the
souths the last and largest spring (MI15) emerges 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. D)*
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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 Diidengay1 sink»
hole, which is located at 3,5 km west of the spring M15, This
sinkhole (87 m as*L) is an estlval-type springy which is both in-
fluent 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 MI5-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 be-
tween the Miocene limestone and the impervious fine-grained elas-
tics; along the bedding planes (dipping 35° -40° to the south)
the joint sets which represent 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 M14, 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.L), which is locat-
ed at appr. 40 km northwest of the damsite. There exists an un«
derground creek in this sinkhole. The colored water had emerged
out of the Miocene springs MI15-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 Olukképrii springs (160 m
a.s.L) was observed coming out of the conglomerates on the left
bank of Kopriicay River® which is located 30 km west of the Ma-
navgat River» But this result is doubtful, due to the existence of
the impervious argillites of the Jurassic age. Dr, S, CX Eroskay
reported that the most reasonable explanation seems the superficial
flow, by means of Kirkgegit Creek, On the other hand, the rhyth*
mic series of the Jurassic age, cropping out in the core of the a™
ticline, north of Dumanli Spring, forms an underground water-divide
between the Biidencayr and the Manavgat River catchment areas.
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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. 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 Paleozoic. Further south, this basement complex is discor-

dantly 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 con»
tacts between dolomitized limestones and schists are faulted
(FI 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 to-
tal 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 Kkinds
and percentages 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
longitudinal joints (parallel to the syncline axis), the cross joints
(perpendicular to the syncline axis) and diagonal shear joints have
been distinguished in the limestones.

The joints and fractures with the attitudes N6°-45°E, 60°-80°NW
(parallel to the river), N20°-?5°W, 50°-75°NE (perpendicular to
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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 deve-
lopment of the karstic features, as seen at the left-bank downstream
adits.

According to the investigations in the exploratory adits and
tunnels, the ground water observations in the drilling hole, and
the water-pressure 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 trend-
ing parallelly or perpendicularly to the river.

Joint (A) occurring in the right-bank adit (37 m a.sJ.)
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.sJL) oc-
curs along the intersected joint planes'wftfi’ the attitudes N25°E,
65°MW and N25°W, 80°SW. The width of the openings and the
calcite veins varies between [ and 1,5 m. It extends downward by
narrowing.

The cavern (C) occurring in the left-bank adit (48 m a«*L)
has developed along the intersected joint sets striking appr. par-
allel and perpendicular to the river. The interconnection between
this cavern near the syncline axis and the spring Ml and M3 is
confirmed by the dye tests.

The caverns in the form of the chimney , which occur in the
left-bank downstream tunnels (50,02 m and 12130 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, min-
imum levels of the ground water. These zooes, which are char-
acterized by the solution cavities partly filled with calcite and clay,
cause maximum losses during the water pressure tests*
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Fig. 2 - Simplified geologic map of Manavgat-Oymapinar arch damsite.

NB : Mapsimplified from the writer's 1/1000 scale geologic map
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B. Karstificatlon developed along intersected joints

This type of Kkarstification occurs in the exploratory adits,
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 important water losses (under 4.8 kg/cm’
pressure? 25 liters per meter per minute between —60.6/ 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 (géodes)

They occur in the tunnels and especially in the borings as
small solution 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 dolomitized 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. Ml and M4 are related to the fault
F2; M7, Mil, 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, temper-
atures and the content of chemical matters® the springs emerging
from the Paleozoic are strictly different from the Dumanli Spring
coming out of the Cretaceous and the springs emerging from the
Miocene (see Fig. 1).

On both sides” the ground-water level has a very low hydrau-
lic gradient* 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 fault-
ing. The intensive and deepest Karstification was developed in the

central part of the gorge, where the synclinal axis cuts across the
river.
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