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OZET. — Fethiye ovast etiid sahast 450 km’ kadardir. Raslanan formas-
yonlar baslica cesitli kalkerler ve yesil sahrelerle altivyoner formasyonlardan iba-

rettir. Araziye tektonik bakimdan fay stili hdkim bulunmaktadir. Morfolojik yon-
den karstik hadiselerle sel konileri dikkati ¢cekmektedir.

Senelik yagis 1000-1200 mm civarindadir. Buharlasma yilda ortalama 1200
mm kadardir. Ortalama sicakhik 19° dir.

Bolgede mevcut kiicliik caylarin kurak mevsimde yaz aylarindaki asgari de-
bileri Olgiilerek mevcut jeolojik formasyonlarin desarj metodu ile asgari enfiltras-
yon nispetleri tdyin olunmus ve diger memleketlerle mukayese edilmistir. Nihayet

bu asgari emsallerden hareket edilerek Fethiye bolgesindeki yeralt1 su rezervleri
ve kayiplart hesap edilmiye calisilmistir.

A,BOLGENIN COGRAFYASI

a. Vaziyet™ topografya

Burada hidrojeolojik etudu yapilan saha, Mugla vilayetine bagh
Fethiye kazasi civarinda bulunmaktadir, Fethiye ovasi esas itibariyle
sehrin kuzey ve dogusunda uzanir, Etid edilen saha ise bu ova ile
alakali olan hidrografik sebekeyi icine almaktadir. Boylece deniz
kenarindan itibaren daralarak doguya uzanan Fethiye ovasinin
uzunlugu 12 km ve kuzeyden giineye en genis oldugu yerdeki me-
safe ise 5 km civarindadir. Fethiye ovasinin rakimi umumiyetle
sifir ile 200 m arasinda degisir. Fakat en buyuk saha kapliyan
bat1 kismimin rakimi en ¢ok 50 metreye kadar cikar« Bolgede Fet-
hiye ovasindan maada diger bazi ovalar da tetkik edilmistir. Bun-
lar arasinda bilhassa kuzeyde Uziimlii ovasi ile giineyde Kaya ve
Ovacik ovalarin1 zikredebiliriz. Kalkerli arazide ve karstik hadi-
seler neticesi tesekkul etmis olan Cenger, Guney, Guzle, Geyran
ovalar1 ve Mendos alani gibi diizliikler de mevcuttur (Ek I, I1," I1I).

Uziimlii ovast 7 km uzunlugunda ve 2-3 km genisliginde olup,

rakimi 500-550 m arasinda degisir, kuzeye karst mahfuz ve daglar
icinde olduk¢ca muhim bir ovadir.
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Kaya ovasinin rakimi 140-160 m arasinda degisir« Dogudan
batiya 5 km kadar uzanir. Genigligi ise 1 km civarindadir. Ovacik
koyleri ovast ise rakimi 300-350 m arasinda olan, eni ve boyu-2-3
km arasinda degisen bir duzluktiir,,

Diger ovalara gelince, bunlar arasinda Cenger 550 m, Guney
600 m. Gizle 900 m, Geyran ovacigt 1050 m, Mendos alani
1450 m yukseklikte olan duzliklerdir. Bu duzluklerin eni ve boyu
ekseriya 500 metreyi gegmez, iclerinde 1 km uzunlugu haiz olanlar
nadirdir.

Tetkik edilen arazi 450 km’ civarindadir. Arazi bilhassa cok
daghk ve kayalik olup, hemen her taraf sikk orman ve funda-
liklarla kapli bulunmaktadir. Boylece arazinin en buyuk kismini
tashk ve ziraate elverisli olmiyan yerler teskil etmektedir. Yukarda
zikredilen ziraate elverisli topraklari haiz yerler ise, bilhassa sahil
boylarina ve daglar arasinda bazi duzliiklere miunhasir kalmakta
ve tetkik sahasmnin ancak 1/6 sini teskil edebilmektedir. Bu suretle
topragin bu kadar dar oldugu bu bolgede, yukseklerde dahi olsa
en kucuk duzliklerin bile istisnai bir ehemmiyeti olacagi asikardir.

b. Meteorolojik vaziyet

Fethiye ovasinda senelik ortalama yagis 1000-1200 milimetre
civarindadir. Burada tebahhurat istasyonu heniliz mevcut degildir,
en yakin ve Fethiye'ye iklim bakimindan benzerligi olan Antalya'da
serbest su sathindan yilik ortalama tebahhurat 1200 milimetre
civarindadir. Yillik ortalama stihunet ise 19 derecedir.

Iklime ait yukarda kisaca kaydedilen, yagis, sithunet ve tebah-
huratm yeralti sularimin tesekkulunde ne dereceye kadar amil ol-
duklarini anlatmak icin bu faktorlerin diger hususiyetlerini de ay-
rica kaydedelim.

Yagis* — Yillik yagis 1000 milimetre olduguna gore, bunun
mevsimlere nazaran taksimi soyledir: Ilkbahar 150 mm, yaz 15 mm,
sonbahar 200 mm, kis ise 635 mm dir.

Yagis sekilleri: Yagmur, kar, kiragi, cig, dolu vesair sekilleriyle
kaydedilmemis olmakla beraber, senenin 75 giiniinde 0.1 mm den’
fazla yagish glinler bulundugu yilin 31 giintinde 10 mm den fazla
yagis birakan giinler kaydedildigi gorulmustiir. Keza 1939 dan
beri yapilan rasatlara gore giinlik en ¢ok yagismm 12 nci ay ice-
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risinde oldugu ve bunun bir ginde 204 milimetreyi astig1 tesbit
edilmistir.

Senelik ortalama yagisin 445 milimetresi saat 21 ile 7; 260
milimetresi 7-14; 283 milimetresi de 14-21 arasinda dismektedir.

c. Fethiye ovasi etiid sahasmin jeolojik duranin

Fethiye ovasinda tetkik ettigimiz sahay1 jeolojik formasyonlarin

hakim olusuna gore kuzeyden gilineye dogru dort kisma ayirmak
mumkiindur :

1. Kuzeyde kalkerler bolgesi> — Bu kisimda Uziimlii ovasini
bilhassa dogu, kuzey ve kuzeybatidan c¢evreliyen ve bu ova etrafinda
birer duvar gibi yukselen yuksek kalker daglar

kisimdaki kalkerlerin yast Permo-Karbonifer, Trias, Kretaseden
ibarettir. Bu kalker daglar1 arasinda yalniz Uziimlii ovasi aliivyon-
lar1 oldukca genig bir saha kaplamaktadir. Eosen flisi, serpantin,
Neojen ve aliivyon gibi formasyonlar kuzey bolgesinde cuizi bir saha
isgal etmektedir (Ek No. II ve Ek No. III teki 1 ve 2 kesitlerini
goruntiz).

mevcuttur. Bu

2« UziimliirF etkiye arasi serpantinler bolgesi« — Bu saha
bilhassa Fethiye ovasi aluvyonlar sahasi kuzeyinde kalan ve yesil
sahrelerden ibaret olan bolgedir. Kuzeyden Uziimlii ovast ve kal-
kerlerle tahdit edilmistir. Serpantinler sahasi hakikatte Fethiye
ovasinin dogu ve batisinda da yer almaktadir. Guiney hududu
Fethiye ovasi altivyonlan ile simirlanir. Bu bolge hemen miinhasi-
ran yesil sahrelerden miitesekkildir. Otede beride aliivyonlar mev-
cutsa da serpantinler vaziyete hakimdirler (Ek No, II ve III ten
3 ve 4 Kkesitlerini goruntiz),

3« Ortada Fethiye ovasi aliiuyoner sahasi* — Burasi tetkik
edilen bolgenin en cukur kismimi teskil eden bir duzluktur. Bil-
hassa giineyde birdenbire duvar gibi yukselen 1775 m ytiksekligin-
deki Mendos dag1 dibinde hakiki bir hufre manzarasi arzetmek-
tedir (Ek No. II ve III ten 7 ve 8. kesitlerin tetkiki).

4. Giineyde Mendos ve Belen dagi masif kalkerler bolgesi*—
Bu bolgede kalkerler cok daha genis sahalar isgal ederler. Bura-

daki kalker daglan kuzeydekilere nispetle cok daha heybetli bir
durumdadirlar ve adeta deniz kenarinda birden yiikselen nihayet-
siz birer ugurum halindedirler. Buradaki kalkerlerin hemen ekse-
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risi Trias kalkerlerinden ibaret olup, Kretase ve Eosen kalkerleri
nispeten daha kucuk aflormanlar halinde olduk¢a az bir saha is-
gal ederler. Kaya ve Ovacik koyleri aliivyoner sahalar1 bu kalker
daglarinin ortasinda yer almaktadirlar (Ek No, II ve III iizerin«
den kesit 6-7-8 in tetkiki).

<L Tektonik Te morfoloji

Bolgenin tektonik vaziyeti ve morfolojisi hakkinda jeolojik
kisimda biraz maltimat verilmistir. Mevcut jeolojik harita ve ke-
sitlerin de yardimiyle tektonik ve morfoloji bakimindan asagidaki
hususiyetleri belirtmek yerinde olur.

1. Kuzeyde bir antiklinal ve monoklinal teskil eden yiiksek
kalker daglar1 bolgesi Geyran dag ve Haticeana dagi bu bolge-
dedir. Tektonik bakimdan oldugu kadar, morfolojik bakimdan da
fay stili hakim bulunan ve merdivenvari basamaklar teskil eden
kalker blok daglar1 bolgesidir. Bu antiklinaiin niivesi bizce mechul
kalmaktadir. Uziimlii ovast inhidam bolgesi bu mmtakada yer
alir. Ovanin morfolojisine hikim olan yine faylar ve bir dereceye
kadar sel mahdutlardir,

2. Nispeten irtifa1 az serpantinler bolgesi, burada yine faylar
hakim bulunmasina ragmen, serpantinlerin sertlik bakimindan ol-
duk¢a mutecanis bulunmalar1 sebebiyle buradaki topografik man-
zara kalker bloklarina nispetle daha munis sekiller arzetmektedir.
Civardaki daginik kalker emarelerine bakilirsa serpantinler bolge-
sinin eski ve cok fayli bir antiklinaiin ntivesi oldugu anlasilir.

3. Fethiye ovasi inhidam havzasinda sathan sel mahrutlar1 goz
alict bir vaziyet arzeder* Ova kenarinda kuzeyde Eosen flisi, gii-
neyde Kretase kalkerlerinin mevcudiyetine nazaran burasit oldukga
buyuk capta bir graben teskil etmektedir. Glineyde dogudan bati-
ya uzanan bir fay vaziyeti oldukca bariz bir sekilde morfolojik
olarak ve mevcut membalarla kendini hissettirmektedir. Kuzeyde
fay olarak ovayr sinirlandiran kati bir emare gortilememistir«

Fethiye ovasi bir graben teskil ettigine gore, allivyonlar altin-
da Trias ve Kretase kalkerlerinin ve belki de Eosen grelerinin
mevcut olabilmesi ihtimalini ortaya koymaktadir. Flis grelerinin
mevcudiyeti pek zarar vermez. Fakat allivyonlar altinda kalkerle-
rin mevcut olmast hali gayet tehlikeli bir durum dogurabilir : Bu
takdirde aliivyonlar icerisinde su terakumu guglesmis olacaktir.
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Bilhassa Caka civarinda ovaya dogru cikinti yapan Kretase
kalkerleri ile kuzeyde Eldirek civarindaki flisin mevcudiyeti kuzey
guney istikametinde faylarin ovayr kesmis olabilecekleri ihtimalini
ortaya koymaktadir. Boylece Calca'dan kuzeye uzanan bir yeralti
kalker esiginin mevcudiyeti ¢ok daha kuvvetli bir ihtimal dahilin-

dedir. Bu kalker esigi ovanin dogudan beslenmelerine beklenmedik
bir istikamet verebilir.

Gerek bu esik gerekse aluvyonlar altinda kalkerlerin bulunup
bulunmadigi sondajlar esnasinda dikkat edilmesi gereken bir key-
fiyettir : Karaculhalilar tarafinda ovada Caka civarinda 30 met-
reden daha derin kazilan kuyularda suya raslanmamustir.

4, Mendos ve Belen dagi kalkerler bolgesi : Bu bolgenin do-
gudan batiya uzanan kompleks bir antiklinal teskil ettigini evvelce
sOylemistik. Yine vaziyete faylarin hakim bulundugu bu bolgede
piyano tuslart halinde kirilmalar kuzeyden glineye arzani faylarla
oldugu kadar, dogu bat:1 istikametinde de buinyeyi parcalamis ve
kompartimanlara ayirmis bulunmaktadir (Ek No. II ve I11 uzerin-
de 6-7-8 kesitlerinin ve Mendos dagi ile Baba dagmm tetkiki).

Mendos masifi Ovacik dogusunda daha hakim bir vaziyettedir»
Belen dagi kitlesi ise. Kaya bolgesini icine alan ayr1 bir kademe
teskil eder. Arada bu iki Kkitleyi ayiran ve Ovacik lzerinden gegen
buyuk bir fayin mevcudiyeti morfolojik olarak goéze carpmaktadir.
Bu fay dolayisiyle ve erozyon neticesi Ovacik Fethiye arasinda
kalkerlerin altindan serpantinlerin ¢iktigini gormekteyiz. Bu hadise
bolgenin tektonigi kadar hidrojeolojik bakimdan da ¢ok onemlidir;
boylece kalkerlerin altinda Mendos ve Belen dagi antiklinalinin
nuvesinin bir serpantin kitlesi olmasi ihtimali ortaya c¢ikmaktadir.
Daha yakindan takibedilirse, Mendos. dag1 dogusunda ve Boz Goben
koyu civarinda serpantinlerin kalkerler altinda yer aldig1 ve
250-300 rakimina kadar yiikseldigi goruliir, Mendos dagi1 antiklinali
aksi istikametinde ve 300 m rakiminda serpantin butonyerinin
mevcudiyeti, Oyuk tepe ve Kizilada dogrultusunda, yeriistiinde ol-
dugu kadar, yeraltinda da ovaya nispetle 300 m yuksekliginde bir

duvar gibi empermeabl bir kitlenin mevcut oldugunu gostermek-
tedir. Bu vaziyet bilhassa iki bakimdan miithimdir :

I, Fethiye ovasinda altivyonlar igerisinde terakiim eden sularin
giineydeki kalker kitleleri yolu kaybolmasi imkini1 ortadan kalk-
maktadir.



FETHIYE OVASI HIDROJEOIOJIK ETUDU JOI

2. Guneyde bulunan kalkerler sahasi Fethiye ovasi yeralt1 su-
lart i¢in bir beslenme sahasi teskil etmektedir» Bu sahanin hududu
takriben mevcut yeristii hidrografik sebekesinin aynidir (Ek'No.
IV te yeralti esikleri hududunun gorulmesi).

Mendos dag1 bolgesinde Kaya ve Ovacik ovalan birer inhidam
havzalanidir. Biitlin Fethiye bolgesinde kalkerlerin hakim bulun-
mast ve bunlarin maruz kaldig1 inhilaller neticesi arzettikleri kas™
tik manzaralar bolgenin morfolojik bakimdan zikre sayan diger
hususiyetlerindendir.

Fethiye bolgesi tektonik bakimdan Ege-iranidleri’nin bir kolu
olarak ve Onelidler diye isimlendirilmistir, Alp iltiva sisteminde
Rodos, Girit ve Yunanistan tlizerinden Binaridler'in bir temadisi
olarak kabul olunmaktadir.

Bolgede mevcut Eosen flisi ve Neojen formasyonlarinin tetkiki
bu iltivalaiilma ve kirilmalarin en az Eosende baslayip Neojende
de devam ettigini gosterir mahiyettedirler,

B. FETHIYE OVASININ HIDROJEOLOJISI

Buraya kadar incelemis oldugumuz bahislerde yeralti sularinin
tesekkiillinde sirasiyle miuihim rol oyniyan topografik, meteorolojik
ve tektonik durumlari ele almis bulunmaktayiz, Mitaakip bahis-
lerde bu faktorler arasindaki miinasebetleri tesis etmemiz icabet-
inektedir. Ancak bu miinasebetler tesis edildikten sonradir ki yer-
alt1 sularinin mahiyet ve rezervleri hakkinda bir fikir edinmek
mumkiin olabilecektin

Jeolojik formasyonlarin.hidrojeolojik bakimdan tasnifi

Etid ettigimiz Fethiye bolgesinde mevcut jeolojik formasyon-
larin kapladigi saha 450 km® kadardir. Bunun smrastyla 130 km’
si serpantin, 2 km® si Permo-Karbonifer kalkeri, 180. km’ si Trias
kalkeri, 2 km’.si Kretase kalkerleri, 3 km’ si Eosen kalkeri, /km® si
Fosen flisi, 2 km’ si Neojen, 25 km’ si lateritik aliivyon, 45 km’® si
fluvial aliivyon, 30 km’ si aliivyonlardan ibarettir. Bu jeolojik for-
masyonlarin suya karsi haiz olduklar1 vasiflar goz ontine alinarak
dorde irca etmek mumkiindiir :

1. Buyuk capta gecirgen formasyonlar, bilimum kalkerler bu

grupa ithal edilmislerdir» Trias, Kretase ve Eosen kalkerleri sahasi
210 km® kadardir.
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2. Kucuk capta gecirgen formasyonlar, butin toprak ve altv-
yon gibi ince taneli ve mobl malzeme bu grupta yer almaktadir.
Aliivyon, eliivyal ve lateritik aliivyonlar sahast 100 km® kadardir.

3. Yan gecirgen formasyonlar, sisti gre, gre ve marn gibi

formasyonlar buraya toplanmustir : Eosen flisi, Neojen marnlari
sahast 11 km® kadardir.

4. Empermeabl (gecirgen olmiyan) formasyonlar bilimum ye-
sil sahreler, yani etiid esnasinda serpantin diye bir kelime ile ifade
ettigimiz (peridotit, piroksenit, serpantin, gabro, diabaz, spilit, sisti
serpantin ve talk formasyonlari) sahast 130 km’ kadardir.

Bu izahattan anlasilacaglr tlzere yari gegirgen formasyonlari,
pek cuzi bir saha kapladiklarindan, ihmal edebiliriz. Su halde
havzada hidrojeolojik bakimdan ele alinmasi gereken tui¢ formas-
yon kalmaktadir: Serpantinler, kalkerler, altivyon ve eliivyonlar.

Akis, tebahhurat ve enfiltrasyon nispetlerinin tayini

Yagisin hangi nispetlerde topraga niifuz ederek yeralt1 sularimi
besledigini bilmiye cok ihtiyac vardir. Akis, tebahhurat ve enfil-
trasyon nispetleri ancak uzun seneler yapilan olguler neticesi dakik
olarak tesbit edilebilmektedir. Ancak boyle bir etiid mevcut olma-
dig1 takdirde, elde mevcut kisa misahedeler ve olctlerle iktifa
edilerek takribi de olsa bazi neticeler istihsaline calismak bugun
icin bir zarurettir. Bu mevzuda takibedilecek diger bir yolda etud

bolgemize musabih bolgelerde elde edilen neticelerle mukayese ve
kontrol etmek olacaktir.

Asagida gorulecegi lizere bolgede mevcut bazi akarsularin tet-
kiki neticesi, akis hakkinda dogrudan dogruya elde edilen oOlculere
ve hesaplara istinaden endirekt olarak tebahhurat ve enfiltrasyon

hakkinda da baska memleketlerle mukayese edebilir doneler elde
edebilmektedir.

Bolgede mevcut bazi akarsularim ve caylarin tetkiki

1. Degirmendere c¢ayi. — Sahasi 36 km® eliivyon, aliivyon, ser-
pantin ve kalkerlerden miitesekkildir. Akis yazin asgari 4 It/san.
km® (yani 1 km’ saniyede asgari 4 litre akis isabet etmektedir). Bu
miktar senelik yagisin % 13 tini teskil etmektedir. Bu suretle azami
tebahhurat ile enfiltrasyon mecmuunun % 87 olmasi icabeder.
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2. Koca cay veya Karacasu deresi. — Sahasi 56 km’ eliivyon,
alivyon, serpantin ve kalkerlerden miutesekkildir. Akis yazin asgari
I it/san. km® dir. Bu miktar senelik yagisin % 3 i kadardir. Bu
miktar cok azdir; bunun sebebi yerustu havzasi ile yerustunun
intibak halinde olmamasidir. Bu suretle Karacasu deresi havzasina
ait sular yeraltindan Degirmendere c¢ayini beslemektedir. (Ek No,
II ve III uzerinden kesit 3 i ve Tasdi mevkiindeki fayr ve tabaka
durumunu tetkik edin.) Bu sekilde yan yana bulunan bu iki ¢ayin
asgari akis emsalini ortalama % 8 kabul etmek daha dogru olur.

5. Cerci bogazi cayi-— 32 km’ sahasi vardir, bu saha eliivyon,
alivyon ve serpantinlerle kaphidir, kalker yoktur. Asgari akis
yazin 3 It/san. km’ dir. Bu miktar senelik yagisin % 9.6 sini
teskil etmektedir. Tebahhurat ile enfiltrasyon birlikte % 904 eder.

4. Eldirek bogazi ¢ca yi. — Sahast 26 km’ dir, eliivyon, aliiv-
yon ve serpantinlerden maada kalkerlerde mevcuttur. Hatta cuzi
miktarda Neojen ve Eosen formasyonlar da bulunmaktadir, Yazin
asgari akis 1.5 It/san, km® dir; bu ise senelik yagisin % 6 sim
teskil etmektedir. Burada yine tebahhuratla birlikte enfiltrasyonun
dzami kiymeti icin % 94 kalmaktadir. Yukardaki dort cayin akis
neticelerine gore akig nispeti % 3 ile % 13 arasinda degismekte
ve bu kiymet yaz ayinda vuku bulan asgari akisa ait bulunmak-
tadir. Geriye kalan tebahhurat ile birlikte enfiltrasyon yek{inu bir
dzami kiymet olarak % 87-97 arasinda degismektedir.

Enfiltrasyonu bulmak icin, akistan bakiye kalan miktardan
tebahhurat1 c¢ikarmak icabedecektir. Avrupa icin tebahhurat:

E = (0.058 P + 406) mm olarak hesap edilmistir.

Yukarki formulde E tebahhurat milimetre olarak, P yagis
milimetre ve neticede milimetre olarak elde edilmektedir.

Bu formul ile Turkiye'de bir hesaba girismenin dogru' olup
olmiyacagi ayr1 sualdir. Bundan maada nazari bir hesap Fethiye
icin P=1000 milimetre alinarak E =463 milimetre bulunur« Bu ne-
tice tatminkar degildir. Zira akis ciktiktan sonra enfiltrasyonun
% 40 a yakin bir kiymet almasi icabetmektedir ki boyle hususi
bir etud i¢in asla kabul edilemez.

Bu neticelere gore asgari kiymetler tzerinde durarak meseleyi
baska bir yoldan miitalaa etmek icabetmektedir.
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Yukarda dort g¢ay icin hesap edilen akislarin vasatisi % 8 dir.
Bu kiymet beslenme sahasinda kalkerler bulunmiyalt Cerci bogazi
icin hesap edilen % 9.6 ya yakindir. Akisin bu miktarlardan (ya-
ni % 8-10 dan) fazla oldugu havzalarda kalkerler gibi daha gecir-
gen formasyonlar bulunmaktadir. Diger taraftan akism % 8-10
dan az oldugu havzalarda ise (Eldirek bogazi cayr gibi) cayin
yatagini teskil eden aluvyonlar igerisinde kolmatajm iyi olmadigina
ve bu suretle bazi kayiplar vuku bulmasina hamledebiliriz.

Netice olarak sunu soyliyebilirizz Fethiye bolgesinde Cergi
bogaz1 deresi gibi, yukar1 havzasi alivyon ve tahallul etmis ser-
pantinlerden, asag1 kismu ise altivyonlardan ibaret bir ¢ay havza-
sinda asgari akis yazin vuku bulmakta ve bu miktar kilometre
kareye saniyede 34 litre civarinda olup, senelik yagisin % 8-10
unu teskil etmektedir. Bu neticeye sunu da ilave edelim ki arazi
kamilen cam ormanlariyle kaphdir. Ayrica beslenme havzasinda
kalkerlerin mevcudiyetiyle elde edilen bu akis nispetleri artmak
istidadin1 gostermektedir.

Meteorolojik durum gozden gecirilirse, bu asgari akisin tesbit
edildigi yaz aylarinda (Haziran, Temmuz, Agustos) yagis mecmuu
yalmiz 14. milimetre oldugundan, yeralt1 sularin1 beslemekte hemen
hicbir- roli olamayacagindan ihmal edilebilir. Bu demektir ki,
yazin Olgulen asgari akim membalardan, yani yeraltina enfiltre
sulardan geliyor. Su hale gore yazin oOlctilen asgari akimi havzanin
asgari enfiltrasyon emsali olarak alabiliriz. Azami kiymeti asgari-
nin belki 1,52 misli olabilir, fakat biz yalmiz asgariler tlzerinde
calismak istiyoruz. Bununla beraber elde ettigimiz bu neticeyi suf
diiz vadileri kaplhiyan cakilli alivyonlara ve daghik bolgelerdeki
cok catlakli kalkerlere tesmil edemeyiz. Bu suretle cok bosluklu
olan bu sahreler icin asgari elde edilenin 2 mislini almak icabede-
cektir. Bu hesaplara musahede ve tecruibelerimizi de ilave ederek
su neticeyi ¢ikarmaktayiz.

Fethiye ovasinda yeralt1 sularinin beslenmelerini hesap ederken
enfiltrasyon emsalini eliivyon ve lateritik altvyonlar icin asgari
yuvarlak rakam olarak % 10, cakilli ebuli ve fliiviyal aliivyonlar
icin asgari ve yine yuvarlak rakam olarak % 15, Kkalkerler icin
asgari % 20 olarak kabul edebiliriz.

Yukarda Fethiye bolgesi icin istihsal ettigimiz neticeler Fas'ta
elde edilen neticelerle mukayese edilir durumdadir. Cerci Fas,
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Fethiye bolgesine nispetle biraz gilineyde kalmaktadir. Fakat mu-
kayese edilen Orta Atlas daglar,, vasati siihunet, yagis ve jeolojik
bakimdan oldukca miisabehet arzetmektedir. ROBAUX (1952, s. 18)
Fas'in Orta Atlas daglart kalkerli kisminda Mamora bolgesinde
enfiltrasyonun % 22 ve % 30 arasinda degistigini bildirmektedir.
Bu neticeye gore Mamora bolgesinde akis zayif oldugundan, te-
bahhuratm % 70 yahut % 80 olabilecegi anlasilmaktadir. Ayni
muellif (s. 19) allivyonlar gibi cok gecirgen bir arazide senelik
yagls mecmuu zayif dahi olsa, her yagista 20 - 30 milimetreden
asagl dismemek tuizere vuku bulan saganak halindeki yagislarin
% 15 yahut 20 sinin yeraltina mal olabilecegini ilave etmektedir.

Elde edilen akis neticeleri de ROEDERER'in neticeleriyle mukayese
edilebilecek durumdadir (s. 21-31).

Bu mukayese de gosteriyor ki, Fethiye bolgesi icin elde edilen
emsalleri emniyetle kullanabiliriz.

Yeralti sularimin  toplandig: yerler.— Yukarda yeralt1 sula-
rmin Fethiye bolgesinde umumiyetle harekette oldugunu belirttik.
Boylece bolgede fosil su bulunmadigr gibi hakiki bir artezyen
bunyesi de mevcut degildir. Mevcut artezyen ve yari artezyenler
arizi olup, ebuli ve sel mahrutlariyle aluvyoner sahalarin asag ki-
stmlarina inhisar etmektedir, fiskirmalar1 20-30 santimetre olup
bazilan1 yazin artezyen vaziyetini kaybederek adi kuyulara inkilap
ederler. (Ek. VII de Bolge XIII ten culfalarf kismma bakiniz).

Bununla beraber Fethiye bolgesinde yeralti sularinin eglendigi,
yigildig1 veya kismen depo yaptig1 yerler mevcuttur. Bunun sebebi
bizzat Fethiye ovasinda denize yakin kistmlarda meylin degismesi
ve bilhassa ince milli formasyonlarin yeralti sularindan kolayca
stizuliip gecmesine bir mania arzetmesinden ileri gelmektedir.
Uziimlii, Kaya ve Ovacik ovalan ile diger kiiciik diizliiklerde yer-
alti sularinin toplanabilmesi, ebuli sel mahrutu ve lateritik altiv-
yonlarin teskil ettikleri cep halinde bunyelere ovalari dolduran
maddelerin inceligi ve tabakalarin musait ondiildisyon veya inhi-
nalar gostermesine bagli bulunmaktadir. Daha muhimmi bu ovalar-
da mevcut gevsek materyelin temelinin kalker veya serpantin olmasi
bu biinyelerde su toplanip toplanmamasinda birinci derecede rol
oynamaktadir.

Yeralti su rezervlerinin tahmini. — Yeralti sularmin hare-
kette olmakla beraber kismen toplanma imkénlari bulabilecegi
yerler : Fethiye ovasi, Uziimli ovasi, Kaya ovasi ve Ovacik'tir,
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Fethige ovasi* — Sahast 180 km’ kadardir. Buna beslenme
sahasi, Cer¢i bogaz1 ve Eldirek caylar1 bolgeleri de dahildir. Bunun
75 km’ si serpantin ve ellivyoniardan, 45 km’ si fliivyal aliivyon-
lardan,, 60 km® si Trias kalkerlerinden ibaret bulunmaktadir.

Evvelce tesbit etmis oldugumuz enfiltrasyon nispetlerini alarak
Fethiye ovasindan bir senede altivyonlar i¢inden gecen su miktarini
tahmini olarak hesap edebiliriz.

Yagis Enfiltrasyon

Kuzeyden beslenme : Serpantin ellivyon

sahast (75 km” yagis 1000 mm,

enfiltr. % 10) ......1L . . . . . . . 75000 000 m’ 7 500 000 rn’
Giineyden beslenme : Trias kalkerleri

sahast (60 km’, yagig 1000 mm,

enfiltr. % 20). ... . .. . .. . ... 60 000 000 m’ 12 000 000 m’
Orta Fethiye : ovasi lstten beslenme

(45 km’, yags 1000 mm, enfil-

trasyon % 15). = . . . 45 000 000 m’ 8 750 000 m’

................. 180 000 €§O im’ 28 250 @V m®

Bu neticeye gore Fethiye ovasi aluvyonlar icin senede yandan
ve ustten beslenmeler mecmuu olarak, 28 milyon metre kup civa-
rinda yeralt1 suyu cereyan ediyor demektir. Yigilma ve birikme-
ler de olmaktadir™ fakat bu ancak beslenmenin kuvvetli oldugu ilk-
bahar ve kis aylarina tekabul etmektedir

Bu 28 milyon metre kup yeralti suyundan hi¢ kaybi vuku bul-
madig1 veya herhangi bir sekilde tamaminin sondaj ve saire yolu
ile kaptaji yapilmasi imkani bulunabildigi takdirde saniyede 875
litre su elde edilebilecegini gostermektedir. Bunun bir asgari mik-
tar1 temsil ettigini derhal ilave etmemiz icabeder* Hakiki miktarin
saniyede 875 litreden fazla olmasi mumkundur. Fakat asagr olmasi
pek zayif bir ihtimal dahilindedir.

Fethiye ovasi yeralti su kayplar.— Herhalde 875 Iit/san,
debiyi kuyu seviyelerinin dustugu yaz aylarnt ig¢in daha emniyetli
bir miktar olarak kabul edebiliriz. Diger taraftan yazin yerustun-
de akan sularin debisi 340 it /san. dir (bunlar 100 It/san. Cergi
cayl, 40 It/san. Eldirek ¢ayi, Karapinar membar 200 It/san). Bun-
lar yaz aylarinda yerustiinde tezahur etmekle beraber hesap edilen
yeralt1 suyuna dahil bulunmaktadirlar ve yalniz membalardan ge-
lirler. Halen ovada yeraltindan su temini gayet mahdut ve iptidai
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metodlarla yapildigindan, en faal mevsimde bile istihsal 200
It/san. yi gegmemektedir. Bu suretle yeralti su kaybinin asgari sani-
yede 335 it /san. oldugu anlasiimaktadir.

Diger ovalar*— Fethiye'den gayn etid bolgemize dahil ve
ikinci derecede Onemi olan ovalarin rezerv tahminleri ve su ka-
yiplann asagida gozden gecirilmistir.

Uziimlii ovasi* — Ovanin giineyi empermeabl serpantinlere
dayanmakta ise de, kuzeyinde Geyran dagi ve onun NW temadisi
Kasik¢i, Tepelce ve Yilanli daglari masif kalkerlerdir. Kuzeyde
serpantinlerin gorunmeyisi Akcay vadisi gibi derin vadilerin kuzey-
de yer almig olmasi yeralti sularinin kalkerler icinde niuifuz ettikten
sonra ovaya ugramadan yeraltindan Akcay vadisine inecegini
gostermektedir. Bu suretle asgari 30 km’ kalker sahasinin yeralti
suyu bakimindan ova ile aldkasi olmadigim1 kabul etmek icabeder™*
Ovanin havza buyukligi 58 km den lateritik allivyonlardan mii-
tesekkildir. Bakiye sahanin 8 km’ si eliivyon ve aliivyonlarla, 10
km’ kadar1 da Kretase kalkerleri ve Trias kalkerleri tarafindan
kaplanmis bulunmaktadir. Bu maliimatlar ve evvelce Fethiye ova-
st icin kabul olunan yagis ve enfiltrasyon emsalleri almarak,
Uziimlii ovast aliivyonlart icin de bir senede ge¢mesi muhtemel
olan su miktar1 hesaplanabilir.

Yagis Enfiltrasyon
Giineyden beslenme : Serpantin ve
eliivyon (8 km’, yagis 1000 mm
enfiltrasyon % 10). . . . . . . . . . . .. 8 000 000 m’ 800 000 m’

Dogu ve batidan : pek az bir miktar

kuzeyden beslenme : Kalker sa-

hast (10 km’, yagis 1000 mm, en-

filtrasyon % 20). ... ... ... .. .. 10 000 000 m’ 2 000 000 m’
Ustten beslenme ; Uziimli ovasini

kapliyan lat;erilik altivyonlar saha-

st (10 km’, yagis 1000 mm, en-

filtrasyon % 10)____ ..... 10 000 Q0C m’ 1 000 000 m’

YekOGu.. . . ... ... 28 @G5 000 m’ 3 800 000 m’

Topraga nufuz ederek ovadan gecmesi 1lazim gelen bu 4 mil-
yon metre kiibe yakin su miktart bir seneliktir. Bunun kayiplari
olmasa ve tamami kuyu, sondaj vesair yollardan cekilebilseydi,
ovada her saniye 120 litreye yakin su istihsal etmek miimkiin ola-
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cakti« Fakat ovada iki diden mevcuttur. Bu dudenler birisi Bucak
koyii batismdadir (Ek No. I den Uziimlii ovasinin goériilmesi). Bu
dudenler faylarla bolunmus kalkerli arazide iki kalker koridorunun
karsisina gelmektedir. Gol yeri dudeni karsisinda Bucak-Kizilbel
koridoru bulunmaktadir. Bu koridor yeralti sularinin Akcay vadi-
sine dogru akmasimi inta¢ etmesi kuvvetle muhtemeldir. Aladag
dibindeki Cayraz diideninin de Aladag kalker koridoru ile Uziim-
I ovasimin yeralt1 ve yerustu sularrm giineye Karacasu c¢ayr hav-
zasina gonderdigi muhakkaktir (Ek No. II ve III uzerinden kesit
1 ve 2 de Aladag ve Bucak kisimlarmmin tetkiki, aym1 zamanda ek
No. IV ten Uziimlii ovasinin hidrojeolojik haritasinin tetkiki)«

incir koyun 2 km glineydogusunda bulunan gol yeri duideni
insan vucudunun sigabilecegi bir kuyu halindedir. Asartepe denilen
mevkiin dibinde ve kalkerler icinde bulunmaktadir. En buyuk su
kayb1 bu duden yolu ile olmaktadir,

incir koy Fethiye yolu uzerinde bulunan Cayraz dudeni, su-
yun battig1 yerler belli olmakla beraber mille kapanmis bir vazi-
yettedir. Bu sebeple kis, ilkbahar satih sulart birikerek batakliklar
yapmaktadir. Bu suretle diiden sahasina yakin mahallerde ziraat
yapilabilmesi i¢cin Mayis ayinin sonuna kadar beklemek ve bu su-
retle ancak kum dar1 ekmek miimkiin olabilmektedir.

Bu son hal de gosteriyor ki. Uziimlii ovasinda projenin esast bu
dudenleri mumkun mertebe zaptirapt altina almak ve muhteme-
len sel sulariyle suni sekilde yeralti sularini beslemek olmalidir.

Bolgede ucuncu derecede onemi haiz diger kucuk ovalar mev-
cuttur. Bunlarm her biri 1/2-1 km® biiyiikliigiindedirler. Tesekkiil
ve biinye bakimindan Uziimlii, Kaya ve Ovacik ovalarina benzer-
ler. Hepsi de daglar icinde lateritik toprakla dolu birer diizlukten
ibarettirler. Bunlar : Guzle, Cenger, Guney, Geyran ovacigi Men«
dos alani duzlikleri olup, hepsinde de kuyular mevcuttur. Cenger
ovasinda fazla olarak debisi 25 It/san. olan ve kalkerlerden ¢ikan
vokliizyen bir memba (mahalli ismiyle ark) me 'cuttur.

Fethiye etiid sahasi su kaynaklari umumi durumu. — Etiud
sahasinda 13 adet tili hidrografik havza veya bolge ayrilmistir;
bunun 5 inde akar su veya cay mevcuttur. Geriye kalan 8 inde
yalniz bol yagis zamanlart icinde su bulunabilen kuru dereler
bulunmaktadir., 5 adet akarsuyu yaz aylarindaki asgari debileri
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mecmuu 575-790 It/san, dir; kis aylarindaki 4Azami debileri mec-
muu ise 1475-2225 It/san, dir; feyezan debileri mecmuu 13 ton
civarindadir. Bolgede 54 koy ve mahalleleriyle birlikte 74 adet
meskin mahal mevcuttur. 32 adet memba ve 58 adet cesme tesbit
edilmistir. Etiid sahasindaki kuyularin adedi 1367, sarni¢c sayist 32,
duden 12 tanedir.

Not: Bibliyografya Ingilizce makalenin sonundadir.

Nesre verildigi tarih 16 Mart, 1961



HYDROGEOLOGIGAL SURVEY OF THE
FETHIYE PLAIN '

Mehmet TOPKAYA

Mineral Research and Exploration Institute™ o Turkey

ABSTRACT, — The surface under investigation in the Fethiye plain is
about 450 km’. The main geological formations are : various kinds of limestones,
green rocks, such as serpentine, and alluviums. The main tectonic and morpholo-
gic characteristics are the numerous faults, karsts and flood cones. The yearly
rainfall average is 1000 to 1200 mm, the temperature average is 19°, and
the yearly evaporation average is 1200 mm. From the minimum yields of the
small rivers of the area, measured during the dry period, the minimum infil-
‘tration rate of the geological formations has been estimated and compared with
similar results in other countries. From these conclusions we try to evaluate the
underground water reserves and losses of the Fethiye Plain.

" A. GEOGRAPHY OF THE REGION

a« Location,, topography

The area which has been covered by a hydrogeological sur-
vey falls around the «kaza» of Fethiye which is connected to the
Province of Mugla. The Plain of Fethiye extends mainly to the
north and east of the city of Fethiye, The area surveyed covers
the hydrographical network connected with the plain. Thus, the
length of Fethiye Plain,, which extends from the sea to the east,
getting narrower, is 12 kilometers long and its width in the
widest part, from the north to the south, is around 5 kilometers.
The altitude of the Fethiye Plain fluctuates between 0 and 200
meters. The western side which covers the greatest part of the
area does not exceed 50 meters in height. Other plains in addition
to the Plain of Fethiye have been surveyed in this region. Among
them we can especially mention the Plain of Uziimlii in the north,,
and Kaya and Ovacik plains in the south. There are also Cenger,
Giiney, Gizle and Geyran plains and flats like Mendos which are
the results of calcareous and karstic formations (see PL I, 11, I1I).



HYDROGEOLOGICAL SURVEY OF THE FETHIYE PLAIN 111

The Uziimli Plain is 7 kilometers long, its width changes
between 2 and 3 kilometers and its altitude between 500-550 meters.
It is protected against the north winds and surrounded by moun-
tains.

The altitude of the Kaya Plain changes between 140 and 160
meters. It extends from the east to the west and is 5 kilometers long.
Its width is around 1 kilometer. The Ovacik Plain is between
300 and 350 meters high,"and varies both in width and length
between 2 and.3 kilometers.

As to the other plains, Cenger is 550 meters high, Guney
600, Giizle 900 meters, Geyran 1050, and Mendos 1450 meters
high. Both the length and the width of these plains do not exceed
500 meters and 1 kilometer-long ones are very rare.

The area under survey is approximately 450 square kilome-
ters. It is mountainous and rocky and almost the whole area is
covered with forests and thickets. Thus, the majority of the area
is composed of rocks and land not suitable for agricultural pur-
poses. The lands suitable for agriculture are mainly confined to
the coast line and some flat areas in the mountains/ The land
suitable for cultivation composes the one sixth of the area under
study. In this region where the land is so narrow, it is obvious
that even the smallest flats on the mountains have an extraordinary
importance.

b. Meteorological conditions

The annual average rainfall in the Fethiye Plain is approxi-
mately 1000-1200 millimeters. There is no evaporation station
in the Fethiye Plain, but in Antalya — which is the closest place to
the Fethiye Plain and which has a similar climate —- the average
annual evaporation is approximately 1200 millimeters. The average
annual temperature is 19° centigrade-

We shall study the other features of rainfall, temperature
and evaporation in order to determine their influence in the for-
mation of the underground waters:

Rainfall* — If we divide the annual rainfall of 1000 milli-
meters according to the seasons, we get the following results:
150 millimeters for the spring, 15 millimeters for the summer, 200
millimeters for the fall and 635 millimeters for the winter.
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Although the forms of the rainfall such as rain, snow, frogt,
hail etc. have not been specified, 75 days with more than 0.1 mm
rainfall and 31 days with more than 10 mm rainfall in a year
have been recorded. Furthermore, according to the meteorological
observations, the heaviest daily rainfall takes place in the 12th
month and is over 204 mm a day»

The 445 mm of average yearly rainfallj takes place between
9 PM. and 7 AM., the 260 mm of it between 7 A.M. and
2 P.M., and 283 mm of it between 2 P.M. and 9 P.M.

c« Geologicd dtuation of the area under survey in the Fethiye Plain

It is possble to divide the area under survey in the Fethiye
Plain into four parts from north to the south according to the
geological formations :

1. Limestone region in the north. — There are high lime-
stone mountains in this region which surround the Uzimli Plain
in the east, north and northwest. The age of these limestones
belongs to the Permo-Carboniferous, Triassic and Cretaceous« Only
the aluviums of the Uzimllu Plain cover quite a large area in
the midst of these limestone mountains. Formations like the Eo-
cene Flysch, serpentines. Neogene and alluvium cover an insignifi-
cant area in the northern part (sse the profiles No.l and No. 2
on PL Il and I11).

2*  Serpentines in the region between Uzimli and Fet-
hiye» — This region is in the northern part of the alluvia section
of the Fethiye Plain, and it is composed of green rocks. As a
matter of fact, the serpentines extend in the eastern and western
parts of the Fethiye region too. The aluviums of the Fethiye
region extend along the southern boundary of this region. This re-
gion is amost exclusvely composed of green rocks. Although the
dluviums exig here and there, serpentines are dominant (see pro-
files 3 and 4 on PL Il and I11).

3. Alluvial section of the Fethiye Plain in the Middle. —
This flat constitutes the hollowest part of the region under survey,
especidly in the south of the 1775-meter high Mendos Mountain
which rises here abruptly (see profiles No. 7 and 8, on PL Il
and 111).
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4* Calcareous regions of the Mendos and Belen mountains
in the south. — The limestones cover a much larger area in this
region. The limestone mountains in this region have a more im-
pressive appearance in comparison with ones in the north. They
look like an endless cliff rising at the sea shore. The great part
of the limestones here belong to the Triassic and Cretaceous and
Eocene limestones occupy a small area in the form of relatively
small outcrops. The alluvial areas of the Kaya and Ovacik villages
are located in the middle of these limestone mountains (see pro-
files No« 6-7-8 on PL II and III),

cL Tectonics and morphology

Some information was given about the tectonics and morpho-
logy of the region in the «Geology» part. It would be appropriate
to point out the following tectonic and morphological character-
istics of the region with the help of the existent geological maps
and profiles :

I. The region of high limestone mountains which form an
anticlinal and monoclinal in the north : The Geyran and Hatice»
anne mountains are in this region. This is a block limestone
mountainous region which has an appearance of stairs and which is
fault-styled from the point of view of tectonics and morphology.
The nucleous of this anticlinal is unknown to us. The graben of
the Uziimlii Plain is located in this region. The faults here again
dominate the morphology of the region,, together with—to a lesser
degree—flood cones.

2. Relatively low serpentine region : Here again the faults
predominate but the topographical view presents more solid forms
in comparison with the limestone blocks, since the serpentines are
quite uniform as regards their hardness. It can be derived from
the scattered limestone traces that this serpentine region is a nuc-
leous of a very old and very faulted anticlinal.

3. On the surface of the graben of the Fethiye Plain the
flood cones are conspicuous. This place forms quite a large graben
in comparison with the Eocene Flysch in the north and Cre-
taceous limestones in the south borders of the plain. In the south,
the existence of a fault, extending from the east to the west,
makes itself apparent morphologically and with the presence of
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springs. No faults bordering the plain in the north have been ob-
served. Since the Fethiye Plain forms a graben, it brings out the
possibility that there might be Triassic and Cretaceous limestones
and Eocene sandstones underneath the alluviums. The existence of
Flysch sandstones is not very important, but the existence of the
limestones underneath the alluviums can create a very dangerous
situation, because this will make the accumulation of water in the
alluviums difficult. The existence of the Cretaceous limestone
projecting toward the plain around Caka, and the Flysches in the
north around Eldirek, bring out the possibility that the faults cut
through the plain in the direction of north-south. Thus, the existence
of a threshold of underground limestones extending from Caka
to the north is very feasible. This threshold of limestone can
give an unexpected direction to feeding the plain from the east.

Both this threshold and finding out whether there are lime-
stones underneath the alluviums are matters to be taken into con-
sideration during the drilling. No water has been found in the
wells deeper than 30 meters dug by the people of Karaculha
around Caka in the plain.

4. The limestone region in Mendos and Belen mountains : We
have already mentioned that this region forms an anticlinal extend-
ing from the east to the west. Here, the predominant faults
extend from north to south and also from east to west, thus
separating the formation into compartments (see profiles no, 6,
7,8 on PL Hand III).

The Mendos massive is more dominating in the east of Ova-
cik, The massive of Belendag forms a separate step which
includes the Kaya region. The morphological existence of a big
fault going over Ovacik and separating these two blocks is' manifest.
Due to this fault and erosion, we could observe serpentines under
the limestone formation between Ovacik and Fethiye. This occur-
rence is very important from the point of view of tectonics of the
region as well as hydrology. This brings out the possibility that the
nucleous of the anticlinal of the Mendos and Belen mountains is a
serpentine mass under the limestones. If we follow them more
closely, we observe that the serpentines are located under the
limestones in the east of Mendos Mountain and close to the Boz-
goben village and that they rise up to 250 or 300 meters. The
presence of the 300-meter high serpentine boutonnic¢re in the op-
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posite direction of the anticlinal of the Mendos Mountain, indi-
cates the existence of a wall-like, 300-meter high impermeable block.

This is important from two points :

1. It eliminates the possibility of waters accumulated in the
alluviums of the Fethiye Plain being lost through the lime-
stone blocks in the south,

2. The limestone region in the south forms a replenishment,
area for th.e underground waters of the Fethiye Plain (see
boundaries of the hydrogeological basin on the PL II).

The Kaya and Ovacik plains in the region of Mendos Moun-
tain are grabens. The other morphological characteristics of the
region are the prevalence of the limestones and the Kkarstic view
they present on account of disintegrations they were subjected to.

The Fethiye region has been described as a branch of
Aegean-Iranides from the point of view of tectonics and it is
named Onelides» It has been accepted as the continuation of
Dinarides in the Alpine fold system, extending over Rhodes
Island, Crete and Greece»

The examination of the Eocene Flysches and Neogene for-
mations shows that this folding and fracturing started at least with
the Eocene and continued during the Neogene.

B. HYDROGEOLOGY OF THE FETHIYE REGION

We dealt hitherto with the topographical,, meteorological
and tectonic conditions playing an important part in the formation
of underground waters. We shall establish the relations between
these factors in the following chapters. It will be possible to have
an idea about the nature of the ground waters and their reserves
only after we establish these relations.

The liydrologteal classification of the geological formations

The size of the area covered by the geological formations in
the Fethiye region is approximately 450 square kilometers. The
130 km® of this area are composed of serpentines, 2 km’ of Permo-
Carbonif erous limestones, 180 km’ of Triassic limestones, 2 km’ of
Cretaceous limestones, 3 km’ of Eocene limestones, 9 km’ of
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Eocene Flysch, 2 km? of Neogene, 25 km? of lateritic alluvium,
45 km? of fluvial aluvium, and 30 km? of aluviums. We can
divide these geological formations into four categories according
to the penetration of water :

1. Permeable formations on a large scale . All the limestones
are included in this category. The area covered by the Triassic,
Cretaceous, and Eocene limestones is 210 km?,

2; Permeable formations on a small scale : The fine-grained soils
and alluvium and loose material are included in this category,
The area covered by alluvium, eluvium and lateritic alluvium is
100 km?.

3. Semi-impermeable formations like schistous sandstones, sand-
stones and marls are included in this group« The size of the area
covered by the Eocene Flysch and the Neogene marls is 11 km?

4. Impermeable formations : All the green rocks which were
mentioned as the serpentines, are included in this group, (The
peridotites, pyroxenites, serpentines, gabbros, diabases, spilites,
schistous serpentines, and talc formations.) The area, covered by
them is 130 km?.

We may neglect the semi-permeable formations since they
occupy a very small area, Thus, there are three kinds of for-
mations in the basin to be dealt with hydrologically. These are
serpentines, limestones, alluvial and eluvial deposits.

Determination of rates of flow, evaporation and infiltration

It is necessary to know at what rate the rainfalls penetrate into
the ground and feed the underground waters» The rates of flow,
evaporation and infiltration can be established minutely only as a
result of long-period measurings. Nevertheless, it is imperative to
obtain some approximate conclusions by short observations and
measurements in hand, in case there are no previous studies.
Another matter to be observed on this subject is to compare and
check the conclusions obtained at the regions which are similar
to the area under our survey.

Some running waters have been studied in the region and by
basing on the direct measurements and calculation about the flow,
information was obtained indirectly about the evaporation and
infiltration. This information is comparable with other countries«
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The study of some risers and creeks In. the region

I. Degir mender e Creek*— lts area is 36 km’. It is composed
of eluvium, alluvium, serpentines and limestones. The minimum
flow is 4 14 per km’. In other words, 1 sq. km. gets 4 litres
of water per second» This amount is the 13 percent of the
annual rainfall. Thus, the total of the maximum evaporation and
infiltration should be 87 percent.

2« Kocacay (Karacasu) River*— lts area is 56 km’. It is com-
posed of eluvium, alluvium, serpentines and limestones. The
average flow is 1 14 per km’. This amount is the 3 percent of
the annual rainfall, which is very little.

Thus, the waters running in the basin of Karacasu River
feed the Degirmendere Creek under the ground. (See the profile
No. 3 on the PL II and III; and also study the fault and con-
dition of the strata in Tasdi.) Thus, it would be correct to
accept the average flow coefficient of these two rivers next to
each other as 8 °/,

3. The Cerci Bogaz Creek. — Its area is 32 km’. This area
is covered with eluvium, alluvium and serpentines. There is no
limestone. The minimum discharge in summer is 3 14 per km’. This
amount represents the 9.6 percent of the annual rainfall which
amounts to 90.4 percent with the evaporation and infiltration.

4. The Eldirek Bogazi Creek.— 1Irs area is 26 km’. There are
limestones in this area in addition to the eluvium, alluvium and
serpentines. There are even Neogene and Eocene formations in
insignificant quantities,, The average discharge in summer is 1.5
15 per km’. This amount represents the 6 percent of the
annual rainfall. Here again, 94 % represents the maximum value
for evaporation and infiltration combined.

The flow rate of the four rivers fluctuates between 3 and
13 percent and these rates represent the average flow in summer.
The total of evaporation and infiltration fluctuates between 87
and 97 percent (as maximum values).

In order to determine the infiltration we have to deduct the
evaporation from the amount left from the flow. The evaporation
for Europe has been calculated as :

' . E = (0058 P + 406) mm
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(In the above formula, E = evaporation”, P. = rainfall and the
conclusions are all in millimeters.)

It is very doubtful whether this formula can work for Turkey
or not. In addition to that, if we calculate it theoretically (for
the Fethiye region) by taking P = 1000 millimeters, E is 463 milli-
meters. This conclusion is not satisfactory, because after the flow
is deducted the infiltration will have to take approximately a value
of 40 percent, which cannot be accepted for a special study like
this.

According to these conclusions, we have to consider the matter
by a different method by putting emphasis on the minimum
values :

The average of the flow calculated for the above four rivers
is 8 %. This value is close to 9.6 percent figured for Cerci
Bogazi Creek™ where there are no limestones in its alimentation
area. There are more permeable formations like limestones in the
places where the flow is more than 8 or 10 percent. On the
other hand, in the areas where the flow is under-8 or 10 per-
cent (like FEldirek Bogazi1 Creek) we can attribute this fact that
the colmatage is not good in the alluvium composing the river
bed and thus causing loss of water.

Our conclusion on the matter : In the basin of Cerci Bogazi
Creek, which is composed of alluvium and decomposed serpentines
in its upper part, and of alluvium in its lower part, the minimum
flow takes place in summer time. This is approximately 34 litres
per second for 1 km’ and this amount constitutes the 8§ or 10
percent of the annual rainfall. We should also add that this area
is completely covered with pine forests and furthermore these
flow rates — which can be explained by the existence of the
limestones in the alime ntation area — show the tendency of in-
creasing.

If we review the meteorological conditions, we can conclude
that they are insignificant, as far as feeding the underground
waters is concerned. Since total of rainfall for three summer months
(Jane, July, August) was only 14 millimeters when the minimum
flow was measured. This shows that the minimum flow measured
in summer comes from the springs, in other words from the
waters infiltrated under the ground. Thus, we can take the mini-
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mum flow measure in summer time as minimum infiltration modu-
lus. Its maximum value could be 1.5 or two times more than
its minimum value, bu we want to work only with minimums.
Nevertheless we cannot extend this conclusion over to alluviums
mixed with pebbles covering flat valleys or badly fissured lime-
stones in mountainous regions. Thus, we have to take the 2 times
of the minimum obtained for this kind porous rocks.

We drew the following conclusions by adding our observations
and experiences to these calculations: We may accept the minimum
infiltration modulus in round numbers as 10 % for eluvium and
lateritic alluvium, 15 % for talus with pebbles and fluvial allu-
vium, and 20 % for limestones.

The conclusions we drew above for the Fethiye region are
comparable with the conclusions drawn in Morocco, although Mo-
rocco is in a more southerly direction. Nevertheless, the average
temperature, rainfall and geology of the Middle Atlas Mountains
show similarities to the Fethiye region« ROBAUX (1952, p. 18) states
that the infiltration fluctuates between 22 and 30 percent in the
Mamora region, which is in the calcareous part of the Middle
Atlas Mountains of Morocco. It can be derived from this conclusion
that the evaporation is 70 or 80 percent in the Mamora region,
since the flow is poor. The same author adds that in a very per-
meable soil like alluviums, 15 or 20 percent of the rainfall, in
the form of showers not less than 20 or 30 millimeters, is kept by
the underground. The outcome of the flow in the Fethiye region
is comparable with ROEDER's conclusions (pp, 21-31)..

The accumulation places of the underground water. — We
pointed above that the underground waters in the Fethiye region
are generally mobile. Thus, there is no fossil water in the region
and the region does not have an artesian structure. The existent
artesians and semi-artesians are occasional and they are confined
to the talus and flood cones and the lower parts of the alluvial
regions. Their eruptions are 20-30 centimeters high and some of
them turn into ordinary wells during summer (PL VII).

However, there are places in the Fethiye region where the
underground waters are stopped, accumulated or partly deposited.
This is due to the change of incline in the places close to the
sea in the Fethiye region and especially to the fine clayey forma-
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tions forming an obstacle for the underground waters, thus
preventing their infiltration. The accumulation of waters in the
Uziimlii, Kaya, Ovacik plains and in other small flats depends
on the pocket-looking structures composed of flood cones and
lateritic alluviums, the fineness of the substances filling the plains,
and suitable ondulation and bends of the stream.

Another important factor which plays a primary part for the
accumulation of the water in the plains depends on the foun-
dation of the loose material, such as limestones or serpentines.

Estimation of the underground reserves* — Although the
underground waters are mobile, the places suitable for their partial
accumulation are: Fethiye, Uzumli and Kaya plains and Ovacik.

Fethiye Plain. — Its area is 180 km’, which includes the ali-
mentation zone, and the regions of Cer¢i Bogazi and Eldirek
streams. The 75 km’ of the area is composed of serpentines and
alluvium, 45 km® of fluvial alluviums, and 60 km’ of Triassic
limestones.

We can calculate the amount of water going through alluvi-
ums in the Fethiye Plain in one year by taking the infiltration
rates into consideration, which we established previously.

Rainfall Infiltraation

Alimentation from north : Serpentine,

eluvion area (75 km’, rainfall

1000 mm, infiltration 10%) .... 75,000,000 m’ 7,500,000 m’®
Alimentation from south : Area of

Triassic limestones (60 km®, rain-

fall 1000mm, infiltration 20 % ). 60,000,000 m’ 12,000,000 m’
Fethiye Plain in the middle : Alimen-

tation from surface (45 km’,

rainfall 1000 mm, infiltration

15%). .. . . ... 45,000,000 m’ 8,750,000 m’

Total ........... .. ..... . - 180,000,000m* 28,250,000 m’

According to this conclusion with the alimentations from the
surface and sides, 28 million cubic meters of underground water run
through the alluviums in the Fethiye Plain, There are also con-
glomerations and accumulations, but these occur in the spring and
winter months when the alimentation is strong. This amount of
28 million cubic meters of water indicates 875 litres of water per
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second, if there is no loss from the underground water and if
there is a possibility of captage of the entire water through
drilling in some way. We have to add immediately that this sum
represents minimum amount, and it is possible that the actual
amount is more than 875 litres per second. It is very unlikely
that this amount is under 875 litres per second.

The underground water losses in the Fethiye Plain. —We
may accept 875 1A discharge as a safe amount for the summer
months when the well levels fall down. On the other hand, the
discharge of the surface waters is 300 14 in summer time. (These
are Cerc¢i Stream with a discharge of 100 14, Eldirek 40 154, and
Karapinar spring with 200 1/s) These are included in the estimated
underground waters, although they manifest themselves on the
surface in summer months, and they come only from the springs.
At present time the underground water yield is not over 200 1A
even in the most active season, due to the very limited and
primitive methods. Thus, it is clear that the minimum underground
water loss is 335 1/i The first goal for a project should be
elimination of these losses.

Other plains* — The reserve estimations and water losses of
the secondary important plains included in the area under our
survey are given below :

Uziimlii Plain*— Although the southern part of this plain
rests on impermeable serpentines, the Geyran Mountain and its
northwest continuation, the Kasik¢i Mountain, the Tepelce and
Yilanli mountains are massive limestones, in the northern part of
it. The lack of serpentines in the north and the position of the
deep .valleys, like Akcay Valley in the north, indicate that the
underground waters go down to the Akcay Valley under the
ground after they penetrate into the limestones and without going
through the plain. Thus, we have to conclude that at least a
limestone area of 30 km’ has no connection with the plain as far
as ttie underground water is concerned. Since the size of the
plain is 58 square km., this leaves 22 sq, km. The 10 km’ of the
28 km® is composed of lateritic alluviums. The 8 km® of it is
covered with eluviums and alluviums and 10 km® of it by the Cre-
taceous and Triassic limestones. The approximate amount of
water running through the alluviums of the Uziimlii Plain in a
year can be calculated by making use of the rainfall and infil-
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tration modulus for the Fethiye region as well as the composition
of the land :

Rainfall Infiltration

Alimentation from south : Serpentines
and eluviums (8 km’, rainfall 1000
mm, infiltration 10%). . . . . . . . . . . 8,000,000 m’ 800,000 m’

Alimentation from east and west and
some from north limestone regions
(10 km’, rainfall 1000 mm,
infiltration- 20 %). ..... .. .. .. . - 10,000,000 m’ 2,000,0.00 m’

Surface alimentation : Region of later-
itic alluviums covering the Uziim-
li Plain (10 km’, rainfall 1000
mm, infiltration 10 %). . . . . . . . . .. 10,000,000 m’ 1,000,000 m’

Total . . . . 28,000,000 m’ 3,800,000 m’

This 4 million cubic meter water which must penetrate into
the soil and go through the plain is for one year. It would have
been possible to obtain 120 litres of water per second in the plain
if it did not have any losses and if it could have been extracted
entirely by means of wells or drilling. But there are two sink holes
in the plain. One of these sink holes is in the west of Bucak koy
(village) arid its name is Golyeri Pit. The other one is in the south of
Beykoy (village) and on the outskirts of Aladag (Mountain), (see
Uziimlii Plain on PL I). These pits face two limestone corridors
in this calcareous formation, which is cut by folds, The Golyeri
Pit faces the Bucak-Kizilbel corridor. It is very likely that this
corridor caused the underground waters to run toward the Akcay
Valley. It is a certainty that the Cayraz Pit in the outskirts of
the Aladag sends the surface and underground waters of the
limestone corridor of Aladag and Uziimlii Plain to the basin of
Karacasu' (PI, II, III - profiles 1,2).

The Golyeri Pit, which is located 2 kilometers southeast of
Incir village, is a small-size pit. It is located on the outskirts of
Asartepe Hill and in the limestones. The gieat part of the water
loss is due to this pit.

The Cayraz Pit, on the road between Incir kdy and Fethiye, is
covered by silts, although the parts flooded by water can be traced.
The surface waters which accumulate in winter and spring create
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marshes. Thus, it is necessary to wait till the end of May to cul-
tivate the area close to the pit and to sow only millet. This shows
that the main point of a project for the Uziimlii Plain should be
to control these pits as much as possible and to feed the under-
ground waters artificially by flood waters.

There are also some small plains, only '/,-1 km’ large, in this
region. Their formation and structure are similar to the Kaya and
Ovacik plains. AH of them are flats in the mountains filled with
lateritic soils. These are Guzle, Cenger» Guney, Geryan and Men-
dos flats. There are wells in all of them. There is also a vauclu-
sian spring coming out of the limestones with a discharge of
251/s. in the Cenger Plain. Its local name is Ark.

The general state of the water sources in the survey area
of Fethiye» — The area under survey has been divided into 13
sub-liydrographical areas. Only five of these have running water,
the rest have dry rivers. These dry rivers contain water only
during the heavy rainfalls. The total minimum of the dischar-
ges of the running waters is 575-790 145 in summer time. The
total of their maximum discharges in "winter is 1475-2225 1A
The total of their flood discharges is approximately 13 tons.
There are 74 inhabited places in the region, and 32 springs and
58 fountains have been counted. The number of wells is 1367,
cisterns 32, and pits 12.

Manuscript received March 16, 1961
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