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Cavuskoy Aliivyon Akiferinde (Sungurlu-Corum) Yeraltisuyunun Kalitesi ve Sulamada
Kullamilabilirligi

Groundwater Quality and Usability for Irrigation in the Cavuskoy Alluvium Aquifer (Sungurlu-Corum)
Ahmet APAYDIN

DSI V. Bélge Miidiirliigii Eskisehir yolu 8. km 06520 Ankara

(e-posta: aapaydin@dsi.gov.tr)
(074

Calisma alani, Devlet Su Isleri Genel Miidiirliigii (DSI) tarafindan sulama kooperatifi kurularak
yeraltisuyundan sulama projesinin yiriitildiigi Cavus koyli ve civarimi (Corum-Sungurlu)
kapsamaktadir. incelenen akifer, yagis ve akarsudan beslenen serbest akifer dzelligindeki aliivyondur.
Akiferin kalinlig1 proje alaninda 24-35 m, kuyu verimleri 6-20 I/s arasinda degismektedir. Cavuskdy
akiferinde DSI tarafindan agilan kuyulardan alinan yeraltisuyu orneklerinde tuzluluk kismen yiiksek
(elektriksel iletkenlik 2150-2480 pS/cm) c¢ikmustir. Bunun iizerine, sulama i¢in risk tasidigi bilinen
tuzlulugun ve sulamada 6nemli olan sodyum, bor ve artik sodyum karbonatin (R.C.S) miktari, dagilim
ile yeraltisularinin sulamada kullanilabilirligi arastirilmistir. 2003 yilinda ilk kez ve 2004 yilinda
yeniden alinan su oOrneklerinden elde edilen kimyasal analiz sonuglari ve bazi kuyulardan alinan
iletkenlik ve sicaklik loglar1 jeolojik-hidrojeolojik yapi ile birlikte yorumlanarak tuzlulugun olast
kaynaklar, akiferdeki dagilimi ve boyutlar1 ile yeraltisularimin sulamaya uygunlugu literatiirdeki
siniflamalara gore degerlendirilmistir.

Yapilan degerlendirmeler sonucunda, calisma alaninin akisasagi kesimlerinde tuzlulugun
kismen (elektrik iletkenligi 2300-2500 arasi) yiiksek oldugu, ancak sulama i¢in Onemli diger
parametreler olan sodyum, bor ve artik sodyum karbonat oranlarinda sorun bulunmadigi saptanmustir.
Tarimsal ¢aligmalara gore de topraklarda tuzluluk ve drenaj sorunu bulunmamasi ve ayrica bolgede
yetistirilen tiriinlerin tuza dayanimlarinin literatiir bilgilerine gore sahadaki yeraltisularinda tespit edilen
degerlerin iizerinde olmas1 nedeniyle, sulama, tuza dayanikli bitkilerin secilmesi ve tarimin kontrollii bir
sekilde uzmanlarin denetiminde yapilmasi kosuluyla 6nerilmistir.

Anahtar Kelimeler: Cavuskoy akiferi, iletkenlik logu, kimyasal analiz, pompalama deneyi, sicaklik
logu, sulama, yeraltisuyu tuzlulugu
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ABSTRACT

The study area covers the groundwater irrigation project area of the State Hydraulic Works (DSI) in
Cavuskoy village in the Sungurlu district of the Corum province. The aquifer studied is an unconfined
alluvium which is recharged from precipitation and a stream. The aquifer's thickness varies between 24
m and 35 m, and the well yield ranges between 6 l/s and 20 l/s. High salinity values (Electrical
conductivity, EC= 2150-2480 uS/cm) were encountered in groundwaters abstracted from the DSI
irrigation wells in the Cavuskéy aquifer. For this reason, the level and spatial extent of EC, boron and
residual sodium carbonate (R.S.C) and the suitability of the groundwaters for irrigation were
investigated. The risk of salinization and the usability of the groundwaters for irrigation were evaluated
by interpreting results of chemical analyses of water samples collected first in 2003 and then repeated in
2004, and of electrical conductivity logs and temperature logs, in the light of the existing
geological/hydrogeologic structure.

According to the evaluation of all data mentioned above, the salinity of the groundwater in the
lower part of the area is moderately high, while the sodium, boron and residual sodium carbonate
contents, which are generally significant limitations in irrigation, seem not to be problematic. Since no
drainage problem exists in the soils of the irrigation area, and the salinity tolerance of the crops already
preferred by the local farmers is rather high, it is suggested that salt resistant crop types must continue
to be grown and that irrigation must be applied under the supervision of experts in order to minimize the
risk of salinization.

Keywords: CavuskOy aquifer, conductivity log, chemical analysis, pumping test, temperature log,
irrigation, groundwater salinity

GIRIS

Sularin sulamada kullanilabilmesinde en 6nemli Yiizey veya yeraltisularindaki tuzluluk diger
kimyasal parametreler toplam tuzluluk, sodyum biitiin kullanim alanlarinda oldugu gibi sulamada
(Na), bor (B), artik sodyum karbonattir (R.S.C). da ¢ok onemli bir faktordiir. Ozellikle de biiyiik
Yeraltisularinda tuzluluk; akiferi olusturan bir alam1 tuzlu jeolojik birimlerle kapli olan,
jeolojik formasyonun suda kolay ¢o6zlinebilen sulama alanlarinda drenaj sorunlart bulunan,
mineraller icermesi, akifere tuzlu su igeren yan jeotermal kokenli tuzlanma riski olan ve bilingli
formasyonlardan  beslenimin  olmasi, yagis sulama konusunda heniiz yeterli diizeye
sularinin veya akarsularin drenaj havzasi igindeki ulasamamis olan iilkemizde tuzluluk veya
tuzlu toprak veya jeolojik formasyonlarla temasi tuzlanma sorunu ile sulama suyu kalitesi, ¢esitli
sonucunda tuzlanarak akifere girmesi, tatli su platformlarda tartisilmakta; bu konuda kurumsal,
tagiyan akifere termal veya mineralli su girisi bireysel veya iniversite Olceginde
veya giibreleme gibi nedenlerle olugsmaktadir. caligmalar/arastirmalar yiiritilmektedir.
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Ozellikle yeraltisuyu tuzlulugu salt kimyasal bir
olay olmayip, jeolojik, hidrolojik, hidrojeolojik

bakis acisinin birlikte ele alindig1, tuzlulugun

kaynag ile alansal ve diisey yondeki degisiminin
degisik tekniklerle arastirildig1 ve ortaya kondugu
caligmalar1 gerektirmektedir.

Bu c¢alismada, Corum’un Sungurlu
ilgesine baglhi Cavuskdy akiferinde yapilan
jeolojik, jeofizik, hidrojeolojik, hidrojeokimyasal
ve tarimsal caligmalardan elde edilen veriler
1s1ginda  tuzlulugun nedenleri ve boyutlar ile
kuyulardan elde edilen yeraltisularinin kalitesi ve
sulamada kullanilabilirligi tartisilmaktadir. Proje
alaninda  yapilan  hidrojeolojik  calismalar
sonucunda DSI tarafindan agilan kuyulardan
2003 yilinda alinan ve tuzlulugun boyutlan ile
dagilimm arastirmak amaciyla 2004 yilinda
yeniden alinan su Orneklerinden elde edilen

kimyasal analiz  sonuglari, grafikler ve
literatiirdeki siiflamalar yardimi ile
degerlendirilmistir. Ayrica, baz1 kuyulardan

alman iletkenlik ve sicaklik loglar1 jeolojik-
hidrojeolojik yap1 ile birlikte yorumlanarak
tuzlulugun kaynagi, akiferdeki dagilimi ve
boyutlar1 ile sulamaya uygunlugu literatiirdeki
smiflamalara gére yorumlanmustir.

Calisma alani, Devlet Su Isleri Genel Miidiirliigii
(DSI) tarafindan sulama kooperatifi kurularak
yeraltisuyundan sulama projesinin yiuriitildigii
alan1 kapsamaktadir. Proje alaninda isletme
kuyular1 acilmis olup, enerji tesisleri ve pompa
montajlari heniiz yapilmamistir.

CALISMA ALANININ GENEL
OZELLIiKLERI

Cavus koyii; Corum’a bagl Sungurlu ilgesinin 8
km dogusundadir.
proje alaninin giiney smirindan ge¢cmektedir.

Corum-Sungurlu karayolu
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kapsayan c¢aligma alani
havzasinin Budakozii alt
(Sekil 1). Calisilan  akifer,
kuzeyden gilineye dogru akan Cavus cay1

Cavus koylinii  de
Kizilirmak

havzasindadir
boyunca uzanan aliivyondur. Caligma alani,
bliyilk bir bolimii akifer tiizerinde bulunan
sulama alanini ve yakin ¢evresini kapsamaktadir.

Glineyde, Budakozii cayr ile birlesen

1
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Sekil 1. Calisma alaninin konum haritasi
Figure 1. Location map of the study area

Cavus caymin olusturdugu vadi i¢inde bulunan
sulama alaninda topografik egim kuzeyden
glineye dogrudur. Sulama alaninin biiyiik bir
boliimiinde ortalama egim % 2, yamag arazilerde
ise % 5 civarindadir. Cavus ¢ay1, sulama alanini
yaklasik olarak iki esit pargaya ayirmaktadir
(Sekil 2). Sulama alaninin giliney sinir1 itibariyle
drenaj alan1 85 km®dir. 800-1500 m kotlar:
arasinda bulunan drenaj havzasinin ortalama
topografik egimi % 4, ortalama kotu 1000 m
civarmdadir.
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Sekil 2. Havzanin konumu ve drenaj ag1

Figure 2. Location and drainage network map of the
basin

Proje alan1 Ig Anadolu Bélgesinin
kuzeyinde yer almaktadir. Yazlar sicak ve kurak,
kislar soguk ve yagishdir. Gece-gilindiiz ve yaz-
kis sicaklik farklari belirgindir. Alanin 8 km
batisindaki Sungurlu Meteoroloji istasyonuna ait
1929-1995 yillar arasindaki kayitlara gore yillik
ortalama yagis 400 mm, ortalama sicaklik 11.3
°C dir. Cavus cay1, yagish mevsimlerde akisa
gecen kiiciik derelerin birlesmesiyle olusmustur.
Yerel kaynaklardan alinan bilgiye gore, yaz

aylarinda genellikle kurudugu  bilinmektedir.

Ahmet APAYDIN

Cayin 2007 ve 2008 yili yaz aylarinda tamamen
kuru oldugu gozlenmistir.

HIiDROJEOLOJi

Proje alan1 ve yakin ¢evresinde yayilimi bulunan
formasyonlar, Eosen yash flis ve Kuvaterner
yaglt allivyondur. Eosen flisi, Cavus cay1
vadisinin her iki tarafinda yilizeylenmekte olup,
kumtasi-kiltagsi-marn ardalanmasi: seklindedir.
Cankiri-Corum havzasinda Yoncali Formasyonu
olarak adlandirilan (Birgili vd., 1975) formasyon,
ince-orta tabakali, ¢ogunlukla kivrimlidir. Genel
goriiniimii  gri-boz renklidir. Corum-Deringay
havzasinda Apaydin (1996) tarafindan yapilan
caligmalarda ender olarak ¢ok kiigiik debili (< 1
1/s) kaynaklara rastlanmis ve formasyonun genel
olarak gecirimsiz oldugu kabul edilmistir. Cavus
koyiinde DSI tarafindan  acilan  isletme
kuyularinda aliivyonun altindaki flis de bir miktar
delinmis ve aliivyonun altinda genellikle
kiltaglarinin hakim oldugu tespit edilmistir.

Kuzeyde, havzanin membainda bulunan
Demirseyh beldesinden baglayarak giineye dogru
Cavus cay1 vadisi boyunca uzanan aliivyon ise
kil 85 km’
biiyiikliiglindeki havzanin kuzeyinde 50-150 m,

kum ve c¢akillardan ibarettir.

caligma alaninda ortalama 500 m genisliginde
sulama alaninmn giineyinde
genislige
toplam

olan aliivyon,
yayvanlasarak  yaklastk 1 km
ulagsmaktadir. Aliivyonun havzadaki
yayilm alan1 4 km® civarindadir. Kaba taneli
oldugu bolgelerde iyi bir akifer olan aliivyonun
tane boyu dagilimi yatay ve diisey yonde son
derece heterojendir.

kuyulardan elde edilen bilgilere gore kalinligt

Sulama alaninda agilan

24-35 m tespit edilen aliivyonda kuyu verimleri
6-20 I/s arasinda degigsmektedir.
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Sekil 3. Proje alani1 ve ¢evresinin hidrojeoloji haritasi

Figure 3. Hydrogeological map of the study area and
it’s vicinities

Cavugkoy akiferinin beslenimi yagis ve
akarsudan (Cavus C.) gerceklesmektedir.
Akiferde yeraltisuyu akimi topografik egim ve
sinir kosullarinin sonucu olarak kuzeyden giineye
dogrudur. Akiferin bosalimi giineye, Budakozii
allivyonunadir. Hidrolik egim topografik egimle
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uyumlu olarak kuzeyden giineye dogru
azalmaktadir. Proje alaninin giineyinde dogu-bat1
dogrultusunda uzanan Budakézii aliivyonunda
yeraltisuyu akimi topografik egim ve akarsu akim
yonii ile uyumlu olarak dogudan batiya dogrudur
(Sekil 3).

CAVUS KOYU YERALTISUYU SULAMA
PROJESI

Koy arazilerinde 1996 yilinda DSI tarafindan
yapilan 6n hidrojeolojik etiitler sonucunda,
kooperatif kurularak yeraltisuyundan sulama
yapilmasi planlanmistir (Apaydin, 2005). 2001
yilinda Koy Hizmetleri Genel Miidiirligi
tarafindan hazirlanan ve DSI’ye gonderilen sulu
arazi tasnif (SAT) raporunda, proje alaninda
toprak smifi ve kalitesi ile drenaj acisindan bir
sorun  bulunmadigmmin  belirtilmesi  {izerine
(Bagatir, 2001), DSI tarafindan yapilan fizibilite
calismalartyla (DSI, 2001) 220 ha arazinin
yagmurlama sistemi ile sulanmasi Ongoriilmiis
ve 2002 yilinda isletme sondaj kuyular
acilmistir. Agilan kuyularin derinlikleri 40’ar

metre, boru ¢aplar1 10**

ing, verimleri 6-20 1/s
arasinda degismektedir. Kuyularda 24 saat siireli
olarak  yapilan  pompalama  deneylerinin
baslangicinda, ortasinda ve sonunda olmak iizere
iicer adet su ornegi alinarak DSI Su ve Toprak
Laboratuvarinda kimyasal analizleri yapilmistir
(Cizelge 1). Isletme kuyularma heniiz enerji tesisi
ingaatt ve pompa montaji yapilmamis olup,
isletmeye gecilmemistir.
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Cizelge 1. Cavuskdy isletme kuyularindan elde edilen yeraltisularina ait kimyasal analiz sonuglar1 (Ornekleme zamant:

10.9.2003-15.10.2003)

Table 1. Chemical analysis data of the groundwaters of Cavuskdy production wells (sampling date: 10.9.2003-15.10.2003)

KATYONLAR ANYONLAR E= ¥,
. (mek/1) (mek/1) s - 2 0=
Z o =% s s & E E=
g v T X 9 Z Sé 2 g < E é
2 2 T U2 Ca+ SO o 5 e E &
oz 23 Na K Cl SO, e g z S
Mg CO; HCO, = E £
= g &
@ Z.
< 0 7.84 2260 10.86 0.00 19.00 0.00 11.08 1.52 14.84 36.37 3.52 C4S2 0.92 Yok 1,40
w
;‘ 0 7.80 2300 11.52 0.00 19.04 0.00 11.01 1.28 15.88 37.70 3.73 C4S2  1.06 Yok 1,20
w0 792 2300 1238 0.00 1892 000 1127 180 1640 39.57 403 C4S2 105 Yok 140
w O 7.86 2140 9.13 0.02 1843 0.00 11.23 1.50 10.81 33.10 3.01 C3S2 0.77 Yok 1,40
wv
= 0 768 2150 9.3 002 1845 000 1120 153 1185 33.08 3.01 352 080 Yok 120
AR 7.64 2150 847 0.02 1853 0.00 11.48 1.53 11.33 3135 2.78 C3S2  0.73 Yok 1,60
o O 7.96 2120 891 0.02 18.10 0.00 10.91 1.32 1224 3296 296 C3S2 0.84 Yok 1,10
wv
= 0 792 2130 869 002 1849 000 1105 136 1107 31.95 28 €352 088 Yok 110
‘o 7.99 2130 826 0.02 1830 0.00 11.60 1.19 1133 31.08 2.73 C3S2  0.85 Yok 1,30
~ 0 7.85 2360  8.69 0.00 20.77 0.00 11.09 1.47 16.90 29.50 2.70 C4S2 0.89 Yok 1,20
wv
: 0 7.75 2380 9.13 0.02 21.00 0.00 11.46 1.48 16.14 30.28 2.82 C4S2  0.86 Yok 1,20
AR 7.80 2380 891 0.02 21.13 0.00 11.28 1.47 16.40 29.64 2.74 C4S2 0.78 Yok 1,10
o O 8.10 2400 7.17 0.02 20.82 1.02 8.10 1.58 1731 25.60 222 C4S2 0.73 Yok 1,10
wv
: 0 829 2360 7.60 0.02 21.11 1.10 7.71 1.55 1837 2645 234 C4S2 0.62 Yok 1,10
AN 8.20 2430 826 0.02 21.18 1.28 8.51 1.53 18.14 28.04 2.54 C4S2 0.67 Yok 1,10
o O 8.39 2460  8.69 0.02 21.60 0.30 9.79 1.59 18.63 28.67 2.64 (C3S2 0.71 Yok 1,20
wv
: 0 828 2420 7.60 0.02 21.40 0.16 1.49 1.53 16.84 26.19 2.32 C3S2 0.54 Yok 1,00
AR 7.97 2480 847 0.02 21.44 0.00 10.00 1.48 18.27 28.30 2.59 C3S2 0.64 Yok 2,00

Not 1) R.S.C: Artik sodyum karbonat, EC: Elektrik iletkenligi Not 2) Her kuyuda yapilan 24 saat siireli sabit
debili pompalama deneyinin basinda, ortasinda ve sonunda olmak flizere li¢ adet su Ornegi alinarak analiz

edilmistir.

YERALTISUU KALITESINI ARASTIRMAK
AMACIYLA YAPILAN CALISMALAR

Pompalama Testleri ve Yeniden Ornekleme

Proje alaninda agilan isletme kuyularindan ilk
alinan su orneklerinde elektriksel iletkenliklerin
(EC) biraz yiiksek (2120-2480 uS/cm) ¢ikmast
nedeniyle tuzlulugu arastirmak amaciyla ilave
caligmalar yapilmistir. Bu kapsamda yeraltisuyu

akim yolu dikkate alinarak akigyukaridaki 57154
ve akisagagidaki 51159 no.lu kuyular se¢ilmistir.
Daha sonra, sulama alaninin 500 m akisyukarida
bulunan ve Kéy Hizmetleri tarafindan igme suyu
amaciyla agilan kuyudan da yararlanilmistir (bkz.
Sekil 3).
stireli pompalama deneyi yapilmistir (Cizelge 2).
Deneylere baglamadan once yapilan on tecriibe
sirasinda birer, deneyler sirasinda baslangicta,

Secilen kuyularin iiciinde de 72 saat
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ortada ve sonda olmak fizere iicer ve ayrica Koy Laboratuvarinda kimyasal analizleri yapilmistir
Hizmetleri kuyusunun yaninda Cavus c¢ayindan (Cizelge 3).
bir adet su &rnegi alinarak DSI Su ve Toprak

Cizelge 2. Projeye ait isletme kuyularinda ve Cavuskdyii igme suyu kuyusunda yeniden (2004) yapilan pompalama testlerinden
elde edilen sonuglar

Table 2. Data from Cavuskéy irrigation and drinking wells after the new tests in 2004

Kuyu No Baglama Pompaj St. Sev.  Din. Sev. Diisim  Verim Ozgiil Verim
Tarihi Siiresi (m) (m) (m) (1/s) (1/s/m)
57154 1.11.2004 72 saat 11.5 18.58 7.08 11 1.55
51159 23.11.2004 72 saat 0.3 10.96 10.66 19 1.78
Koy Hiz. 1.11.2004 72 saat 9.20 14.93 5.73 14 2.44

Cizelge 3. Tuzluluk sorununu arastirma kapsaminda yapilan pompalama deneyleri sirasinda alinan (28.10.2004-7.7.12.2004) su
orneklerine ait kimyasal analiz sonuglari

Table 3. Chemical analysis data from Cavuskoy irrigation and drinking wells after the new tests in 2004

KATYONLAR ANYONLAR E R
° o (mek/1) (mek/1) = z g 2
Z O = g < g =
s »u E £2 z % £ & < ZE
2 < = 094 S Fd g 5 g2 EF
~ = Na K CatMg o, HCO; Cl SO, E @ = B
= = O
n Z
< 0 755 1972 891 000 1600 0 ILIl 120 1260 3577 3.15 C3S1 094 yg 100
v 0 794 2170 1086 0.00 17.95 0 1236 123 1522 37.70 3.63 C3S1 1.08 vyox 130
—
0 755 2220 1021 0.00 1807 0 1207 120 1501 36.10 340 C3S1 114 vyor 120
o~
v 0 784 1973 869 002 1659 0 13.00 118 11.12 3435 3.02 C3Sl1 075 yox 120
0 753 2410 1043 002 2104 0 995 164 1990 33.12 322 C4S1 070 vyor 1,00
N
v 0 752 2350 978 0.02 2057 0 1049 148 1840 3220 3.05 C4S1 079 yor 1,00
: 0 744 2410 1021 002 2121 0 1018 144 19.82 3247 3.14 C4S1 085 vyor 1,00
v 0 751 2410 1000 0.02 2121 0 1012 145 19.66 32.02 3.07 C4S1 099 vyox 1,00
N 0 771 1780 869 002 1270 0 1047 096 9.98 40.59 345 C3SI 043 vy 090
0 7.65 1765 891 0.02 1400 0 1013 095 11.85 3888 337 C3S1 0.62 yor 1,00
:Z‘ 0 735 1753 869 002 1260 0 998 091 1042 40.78 346 C3SI 043 yo 0,90
M0 737 1760 891 000 13.62 0 979 094 11.80 39.55 341 C3S1 047 vyor 1,00
s .
=0 0 798 1360 282 002 1309 0 853 080 660 1770 110 C3Sl1 0.1 Yok 0,90
UW

Not 1) Her kuyuda yapilan 6n deneyde, 24 saat siireli sabit debili pompalama deneyinin basinda, ortasinda ve
sonunda olmak iizere dort adet su 6rnegi alinarak analiz edilmistir.
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iletkenlik (Kondiiktivite) ve Sicakhk Loglan

Aragtirma  kapsaminda pompalama
yapilan 57154, 57159 ve Koy
kuyusunda derinlige bagli olarak sicaklik ve

deneyi
Hizmetleri

iletkenlik logu almmistir. Sicaklik ve iletkenlik
logu, Robertson Geologging Limited Sirketinin
iirettigi Prologger marka log cihazi ile alinmustir.
Bu log cihaz1i, 2,5
sicaklik/iletkenlik sondast
termistoriin  ve elektriki iletkenlik

m  uzunlugundaki

ile icindeki
sensOruniin
aldig1 sinyallerin mikroislemcilerin kontrolii ile
ana sisteme bagli olan bilgisayarda iglenmesinden
olugsmaktadir. Bilgisayar ekran1 ve klavye ana
sisteme bagli olup, cihaz bir aragla tasiabilecek

durumdadar.

Alman sicaklik-iletkenlik olgiileri ayni
anda cihaz iizerinde nicel olarak okunabildigi
gibi, kayit kagidi lizerindeki egriler {izerinde her
noktada  okunup  degerlendirilebilmektedir.
Cihaz, 50-50000 pS/cm araligindaki iletkenlik
degerlerini okuyabilmekte olup, dogrulugu +/- %
2.5 pS/cm’dir. Sicaklik okuma araligi ise 0-70
°C, dogrulugu +/- 0.5 °C’dir. Iletkenlik-sicaklik
loglarinin incelenmesiyle asagidaki sonuglar elde
edilmistir.

57154 no.u kuyuda sicaklik kuyu
tabanna kadar 12.6 °C olgiilmiistiir. Iletkenlik
26.5 m’ye kadar 2000 pS/cm, 26.5-36 m arasinda
1900 pS/cm, 36 m’nin altinda ise 1800 pS/cm
Olclilmiistiir. 57159 no.lu kuyuda sicaklik kuyu
tabanina kadar 12.6 °C 6lgllmiistiir. Bu kuyuda
iletkenlik 20 m’ye kadar 2100 uS/cm, 20 m’den
tabana kadar 2000 pS/cm Olglilmiistir. Koy
Hizmetleri kuyusunda sicaklik kuyu tabanina
kadar 12-12.5 °C ol¢iilmiistiir. iletkenlik 23.5
m’ye kadar 1450 uS/cm, 23.5-28.5 m arasinda
1400 pS/em’dir. 28.5 m’den sonraki degisim,
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kuyuda dolgu olmasi nedeniyle 6nemsenmemistir
(Sekil 4).

Kuyu No: 57154 Kuyu No: 57159 Koy. Hiz. Kuyusu
Si1cakl1i k (Q
8 16 24 ¥ [ 8 16 28 A2 o

Derinlik (m)

(IR

e 8 8 8 13 8 8 8 B 8 = 8 8 ¢ B
S 83 8§ 3 & g 3 3 8 S 8 8 a

Elektrik iletkenligl (mikrosimens/cm)

—Y— Yeralfisuyu seviyesi

Sicoklik

lletkenik

Cakil Kil, kurmn,  Cakilli kil

cakil

Kurmiu
cakil

Kum Fli

Sekil 4. Litoloji, iletkenlik ve sicaklik loglarinin
birlestirilmis hali

Figure 4. Unified figure of the lithology, conductivity
and temperature logs
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VERILERIN DEGERLENDIRILMESI VE
YORUMLANMASI

Tuzlulugun Miktari, Nedenleri ve Dagilhim

Isletme kuyularindan alinan sularda EC degeri
1973-2480 pS/cm arasindadir. Sularda tuzlulugu
artirtict hakim katyon Ca+Mg, hakim anyon
SO, dur.
havzanin tamaminda tuzlanmaya neden olacak

Sulama alan1 ¢evresinde ve hatta
evaporitik formasyonlar ile minerali veya termal
su vb. tuzluluk kaynaklar1 bulunmamaktadir.
Havzanin tamamu ofiyolitik karmasik, Eosen flis,
Neojen yash gevsek cakiltaglar1 ve vadiler
boyunca  uzanan  aliivyonlarla  kaplhdir.
Demirseyh’den Cavus kdyiine ve oradan da
Budakézii aliivyonuna kadar bir serit halinde
uzanan alivyonun altinda Eosen yaslh kumtagi-
Bu
formasyonun Cankiri-Corum bdlgesinde tuzlu
sular icermedigi bilinmektedir (DSI, 1969;
1996). Ancak Cavuskody akiferinin

beslenme havzasinin orta-iist bolgesinde Neojen

kiltagi-marn ~ birimi  yer  almaktadir.

Apaydin,

yaslt golsel kiltaslar1 iginde ¢ok az, belli belirsiz

tuzlanma emareleri goézlenmistir, ancak jips
kirmtilar1 veya jips tabakalarinin bulunmadigi
alaninda
halinde Cavuskdy

akiferinde yeraltisuyu tuzlulugunun g¢ok daha

gozlenmistir. Beslenme evaporitik

formasyonlarin  bulunmasi

yiiksek degerlerde olmasi gerekirdi. Cankiri-
Corum bolgesinde yapilan degisik caligmalarda,
evaporitik formasyonlardan drenajla beslenen
allivyon akiferlerde EC degerinin 2500-16000
puS/cm arasinda oldugu goézlenmistir (Apaydin,
1996, 2007; Yildirim, 2004; Celik ve Yildirim,
2006). Jipsli evaporitik formasyonlar g¢alisma
alanimnin akis asagisinda, Budakoézii havzasinin
asagl  bolgesinde

yayllim  gostermektedir

(Sungurlu’dan Delice c¢ayma kadar). Ayrica,

ile

Cavus caymm EC’si, havzanin jeolojis
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uyumlu olacak sekilde, yiiksek olmayip 1360
puS/cm elde edilmistir.

iletkenlik
incelendiginde, sicakliklarda derinlikle bariz bir
degisme elektriksel
derinlikle nispeten azaldig1 goriilmektedir. Bu

Kuyulardan alinan loglari

olmamakta, iletkenligin
durum, aliivyona derinden (Eosen biriminden)

tuzlu su girisinin s6z konusu olmadigini
gostermektedir. Aksi halde, akifer tabanina dogru
iletkenkik artismin goriilmesi gerekirdi. Eosen
biriminin genellikle kiltasi-silttagi-marn
litolojisinde olmasi1 ve c¢evrede bu birimden

kaynak bosalimlarinin gézlenmemesi, nedeniyle

de pratikte gecirimsiz olarak
degerlendirilebilecegi  anlagilmaktadir.  Etiit
alaninda sodyumun kaynaklanabilecegi

potansiyel litoloji flisin kiltagi-marn seviyeleridir.
elde
sodyumun diigik degerlerde olmasi1 aliivyon

Kuyulardan edilen  yeraltisularinda

akifere flisten silirpriz bir karnsim olmadigini,

baska  bir ifade ile tuzlulugun @ flis
formasyonundan kaynaklanmadigini
gostermektedir.

2003 yilma ait analizlerin sonuclarina
gore 57154, 57155, 57156 ve 57157 no.lu
kuyularda pompaj siiresi ilerledikce EC degerinin
cok az arttigr ve belli bir degerde sabitlendigi
gorlilmektedir. 57158 ve 57159 no.lu kuyularda
2004
yilinda yapilan deneylerde ise 57154 kuyusunda

ise kiiglik bir dalgalanma sz konusudur.

pompajin ortasinda bir miktar artma ve sonunda
azalma, 57159 kuyusunda pompajin basinda bir
miktar artma, sonrasinda sabitlenme
goriilmektedir. Koy Hizmetleri kuyusunda ise,
zamana bagh bir degisim godzlenmemektedir
(Sekil 5). Sonug¢ olarak,

kuyularin tamaminda pompaj

sulama alanindaki
suresince EC
degisimi  ihmal edilecek kadar  diisiik

degerlerdedir (0-60 puS/cm).
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orneklerinde elektriksel iletkenligin pompalama siiresi
ile degisimi

Figure 5. Changes of conductivity against pumping
durations in 2003 and 2004

Proje alanindan elde edilen jeofizik log
ve kimyasal veriler yorumlandiginda, tuzlulugun
derinlikle ve pompaj siiresiyle artmadigi, hatta
iletkenlik gore
anlasilmaktadir. Tuzlulugun derinlikle azalmasi,

loguna biraz  azaldig1
akiferde tuzlulugun daha ¢ok iist zonlarda oldugu
yorumunu getirmektedir.  Ancak, akisasagiya
dogru, akim yoluna bagl bir tuzluluk artig1 s6z
konusudur (Sekil 6). sodyum

absorbsiyon orani (S.A.R) ve % Na degerlerinde

Buna kars,

akim yolu boyunca diizensizlik ve genel bir
azalma egilimi goriilmektedir (Sekil 7). Baska bir
ifade ile, sulama alaninin akisasagi bolgesinde
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Sekil 6. Yeraltisularinda akim yolu boyunca EC’nin

artist

Figure 6. Increase of conductivity according to flow
path
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Sekil 7. Akim yolu boyunca SAR ve % Na degerlerinin
azalisi

Figure 7. Decrease of the SAR and Na% according to
flow path

tuzlulugun gorece yiiksek oldugu kuyular bor ve
sodyum yoniinden en az sorunlu kuyulardir.

Yagislarin  yetersiz mevsimsel,

buharlagsmanin yiiksek oldugu kurak-yarikurak

veE

bolgelerde, toprak zonundaki yagis suyunun asirt
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bir sekilde Bu
buharlagsma ile 6zellikle taban suyunun ytiksek,

buharlastigi  bilinmektedir.
drenajin yavas oldugu bolgelerde toprakta tuz
cokelmesi olmakta, sonraki yagislarla topragin
yikanmasi ile tuzlu sular derinlere dogru hareket
ederek su tablasina ulagsmaktadir (Moran et. al,
1978a). Bu ¢dkelme-¢oziinme siireci siirekli bir
sekilde devam etmektedir. Bu nedenle bazi
yarikurak bolgelerde formasyondan kaynaklanan
bir tuzlulugun olmamasi halinde bile toprakta ve
yeraltisularinda tuzlanma meydana
gelebilmektedir. Oyle ki, Handry vd. (1986)’ne
gore, yarikurak bolgelerde toprak zonundan
gecen ve yeraltisuyunu besleyen yagis suyunda
SO, konsantrasyonu 5000 mg/I’nin {izerine
¢ikabilmektedir.
bolgesinde topografik ve hidrolik egim azalmakta
tablas1 Bu
kesimlerde tuzlulugun artisi; hem akim yolunun
gegis
siiresinin uzamasi, hem de toprak zonundan

Proje alanmin akisasagi

ve yeraltsiuyu yiikselmektedir.

uzamasi ve drenajim yavaslamasiyla

buharlasma sonucunda ¢okelme-¢oziinme ile
tuzlu girisi

aciklanabilir. Yeraltisularindan alinan 6rneklere

akifere nispeten sularin ile
nitritin bulunmamasi ve organik maddenin diisiik

diizeylerde olmasi, tululugun giibrelemeden

kaynaklanmadigina isaret etmektedir.

Yeraltisularinin Sulamada Kullanilabilirligi

Proje alanindaki yeraltisuyu 6rneklerinin sulama

suyu olarak kullanilabilirligini genel olarak
belirlemek amaciyla ABD Tuzluluk ve Wilcox
diyagramlar1 hazirlanmistir (Sekil 8). Ayrica,
sular farkli aragtirmacilar tarafindan Onerilen
gore de ABD
Tuzluluk Laboratuvari diyagramlarinda, 57954,
57955 ve 57956 kuyu sulan yiiksek tuzlu-diisiik
sodyumlu (C;-S,), 57957, 57958 ve 57959 no.lu

cok yiiksek tuzlu-diigsik sodyumlu

kriterlere siniflandiriimstir.

kuyu sular1
(C4-Sy) smifindadir. Wilcox diyagraminda kuyu
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9% <¢

sulart “iyi-kullanilabilir” “stipheli-uygun degil”
smifina girmektedir. Proje alanindaki sular EC,
toplam tuz, % Na, Cl ve SO, parametrelerine
dayanan Scofield (1935)’in siniflamasina gore
tuzluluk ve siilfat yoniinden “kullanilabilir” ve
“ihtiyatla kullanilmal1”, % Na yoniinden “iyi”, CI

yoniinden “¢ok iyi” siniflarina girmektedir.

Sulama alanindaki yeraltisular1 Doneen
(1954) tuzluluk

yoniinden “Smif 2” (iyi-zararli), bor, % Na ve Cl

smiflamasma gore toplam

yoniinden ise Smif 1 (¢ok iyi-iyi) snifina

(Cizelge 5),
gore ise tuzluluk yoniinden 4. sinifa, % Na, CI ve

Christiansen (1977) smiflamasina

SAR yoéniinden 1. sinifa, bor ydniinden de 2.
smifa girmektedir. Bu simiflamaya gore, herhangi
bir 6zelligi nedeniyle 4. veya 5. smifa diisen bir
suyun sulamada basarili bir sekilde kullanilmasi
toprak oOzelliklerine, drenaj
yetigtirilen ~ kiiltiir  bitkisine
degisecektir (Sener, 1983).

kosullarina ve

baghh  olarak

Sulama sulant ig¢in gelistirilen ABD
tuzluluk ve Wilcox diyagramlan ve yukaridaki
siniflamalar, diinyaca kabul gormiis olan ve
yaygin  bir  sekilde

siniflamalardir. Onemli olan, yerel kosullarin goz

kullanilan ~ genel

Online almarak verilen nitelikteki suyun o
boélgeye uygunlugunun saptanmasidir (Sener,
1983). Toprak, bitki, sulama sekli, yagis durumu
vb. konularda ifade edilen kosullarin uygun
olmasi halinde belirli bir tuzluluk sinirina kadar
kontrollii sulama yapilmasi miimkiin
olabilmektedir. Bu nedenle, gelistirilmis olan
siniflamalar yalniz bir 6n bilgi niteliginde olup,
yerel kosullar g6z Oniine alinarak kullanilmalidir.
Ayrica, Cavus Sulama Kooperatifi alaninda
oldugu gibi, sulama i¢in énemli olan sodyum ve
bor’un

sorun yaratacak diizeyde olmamasi ve

artik sodyum karbonatin (R.S.C) bulunmamasi



Sulama Kooperatifi alaninda

(Cavus
yeraltisularinda sodyum oram1 % 40’dan az, bor
miktar1 1.1 ppm degerinin altinda, R.S.C ise
stfirdir), tuzluluk sorununu hafiflettigi ve ¢ozimii
kolaylastirdig1

Sénmez, 1992).

bilinmektedir (Yurtsever ve

Sulamada tuzluluk sorununda topragin
kimyasal, fiziksel, biyolojik 6zellikleri, arazinin
topografik yapisi, sulama suyunun kimyasal
bilesimi, sulama sekli, yetistirilen iirlinlerin tuza
dayanimi konular1 birlikte ele alinmaktadir
(Ozgiil, 1974). Sulama sularinda tuzluluk bir
miktar yliksek olsa da diger kosullarin uygun

olmasi halinde tuza

Ahmet APAYDIN

dayanikli bitkiler
yapilmasi miimkiin olmaktadir. Cavus Sulama

secilerek kontrollii sulama

Kooperatifi alaninda mevcut halde ekimi yapilan
sekerpancari, aygicegi, sogan, ispanak, marul,
fasulye, domates, kavun-karpuz gibi iirlinlerin
literatlir verilerine goére bu
icerdigi
fazlasiyla iizerindedir (Cizelge 4, 5, 6). Isetme

tuza dayanimi

alandaki yeraltisularinin miktarlarin
kuyularmin verimleri dikkate alindiginda, mevcut
meteorolojik-hidrolojik-hidrojeolojik kosullarda
yagmurlama ve damlama sulama yapildiginda
proje sahasmin tamamiin (220 ha) sulanmasi

miimkiin goriilmektedir.

ABD TUZLULUK LAB. DIYAGRAMI
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Figure 8. USA Salinity and Wilcox diagrams of the water samples
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Cizelge 4. Baz1 sebzelerin tuza nisbi dayanim dereceleri
(Sener, 1983)

Table 4. Salinity resistance of some vegetables (Sener,
1983)
Dayanikli Orta Dayanikli Duyarl
ECX10°=12000 ECX10°=10000  ECX10°=4000
uS/cm uS/cm uS/cm
Domates Fasulye
Ispanak Biber Marul
Patates Sogan
Kabak
ECX10°=10000 ECX10°=4000  ECX10°=3000
uS/cm uS/cm uS/cm

Cizelge 5. Bazi yem bitkilerinin tuza nisbi dayanim
dereceleri (Sener, 1983)

Table 5. Salinity resistance of some food crops (Sener,

1983)

Dayanikli Orta Dayanikli Duyarli

ECcx10°=18000  ECx10°=12000  ECx10°=400

puS/cm uS/cm 0 uS/cm
Yonca Ak ticgtl
Bugday Tilki kuyrugu

Arpa (Saman) Yulaf

Ecx10°=12000  Ecx10°=4000

pS/cm puS/cm

Cizelge 6. Bazi tarla bitkilerinin tuza nisbi dayanim
dereceleri (Sener, 1983)

Table 6. Salinity resistance of some garden crops (Sener,
1983)

Dayanikli Orta Dayanikli  Duyarli
Ecx10°=16000  Ecx10°=10000  Ecx10°=4000
uS/cm puS/cm uS/cm
Cavdar Fasulye
(Dane)
Arpa Bugday (Dane)
(Danesi igin) Yulaf (Dane)
Misir
Seker pancari Aycigegi
6_
Ecx10°-10000  Ecxl10°=6000 ~ Cox10°= 2000
puS/cm

puS/cm puS/cm
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SONUCLAR VE ONERILER

Sulama alaninda ortalama topografik egim % 2,
yamag arazilerde ise % 5 civarindadir. Bu durum,
ylizeysel drenaj i¢in olumlu bir ozelliktir. Koy
Genel
hazirlanan SAT raporunda (Bagatr,

tarafindan

2001),
sulama alanindaki topraklar 1. ve II. sinifa
biiyiik  bir
boliimiinii olusturan aliivyal topraklar I. simifa

Hizmetleri Midiirligi

girmektedir. Sulama  alaninin
girmekte olup, pH bakimindan “hafif kalevi”,
tuzluluk bakimindan ‘tuzsuz’ sinifindadir. Kireg
ve organik madde bakimindan zengin olan bu
topraklarda kiiltiir bitkilerinin gelismesine zarar
verecek tuzluluk ve alkalilik problemi yoktur.
Arazide drenaj sorunu ve her iki sinif toprakta da
sulamay1 bir

engelleyecek sorun

bulunmamaktadir.

Proje alaninda ve yagis havzasinda yogun
bir sekilde tuzluluk yaratacak siilfatli-kloriirlii
(kaya tuzu, jips vb.) jeolojik formasyonlar
Ancak
mansabindaki kuyularda ¢ok yiiksek olmasa da
Kuyulardan 2003 ve 2004
yillarinda alinan su 6rneklerinin tamami dikkate
alindiginda, EC degerinin 1973-2480 uS/cm
arasinda oldugu goriilmektedir. 2003 yilindaki

bulunmamaktadir. sahanin  Ozellikle

tuzluluk  vardir.

orneklemeye goére 57155 ve 57156 kuyunun
Cs;S; smifinda, diger kuyular C4S;
smifindadir.  Ancak 2004 yilinda yapilan
orneklemede 57154 no.lu kuyunun suyu C;S;

sulari

siifina girmektedir. 57159 no.lu kuyu suyunun
kalitesinde az miktarda diizelme olsa da sulama
bir degisiklik olmamistir.
Bilindigi gibi C4; smifi, EC>2250 uS/cm olan
sulari i¢gine almaktadir. Cavus sulama kooperatifi

suyu smifinda

alanindaki igletme kuyularindan 57157, 57158 ve
57159 no.lu kuyularin sular1 her ne kadar bu

smnifa girse de, bu sularin maksimum EC



degerinin en fazla 2480 puS/cm olmasi, yani alt
smira yakin olmasi olumlu bir durumdur. Ayrica
da, kooperatif alanindaki yeraltisularinda sodyum
tehlikesi, bor ve artik sodyum karbonat sorunu
bulunmamaktadir.

Proje alaninda ekimi yapilan
sekerpancari, aygicegi, sogan, ispanak, marul,
fasulye, domates, kavun-karpuz gibi iirlinlerin
tuza dayanimu literatiir verilerine gore kuyulardan
elde edilen yeraltisularinin icerdigi miktarlarin
iizerindedir. Sonu¢ olarak, proje alaninda
tuzlulugun c¢ok yiiksek boyutlarda olmamasi,
zirai raporlara gore topraklarda ciddi bir tuzluluk
ve drenaj sorunu bulunmamasi ve ayrica bolgede
yetistirilen iiriinlerin tuza dayanimlarinin literatiir
bilgilerine goére sahadaki yeraltisularinda tespit

edilen degerlerin iizerinde olmasi nedeniyle,

proje  sahasinda  yeraltisuyundan  sulama
yapilmasi mevcut  kosullarda sakincal1
goriilmemektedir.  Ancak, sulamanin tuza

dayanikli bitkilerin se¢imi ve kontrollii bir
sekilde
yapilmasi onerilmistir.

tarim uzmanlarinin denetiminde

EXTENDED SUMMARY

Cavuskéy is located in the east of the Sunguriu
district of Corum province. High salinity values
(Electrical conductivity, EC= 2150-2480 uS/cm)
were encountered in groundwaters abstracted
from DSI (State Hydraulic Works) irrigation
wells in the Cavuskéy aquifer. For this reason,
the origin, extent, and risk of salinization and the
usability of the groundwaters for irrigation were
investigated. ~ By interpreting the results of
chemical analyses of water samples taken in
2003 and 2004, and of electrical conductivity
logs and temperature logs, the acquifier’s aerial
and vertical dimensions, the risk of salinization
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and the usability of the groundwaters for
irrigation were determined.

The area studied comprises the DSI’s
groundwater irrigation project area. The aquifer
studied is an unconfined alluvium which is
recharged from precipitation and a stream. The
aquifer’s thicknesses range between 24 m and 35
m, and well yields vary between 6 l/s and 20 l/s.
The alluvium extends along the Cavus creek with
an 85 km’ drainage area and consists of clay,
sand and gravels. The aquifer has a surface area
of 4 km’ . It is narrow (50-150 m) upstream while
it widens to 1000 m in the project area. Although
the grain size distribution of the alluvium is quite
heterogenous, both in vertical and horizantal
directions, the alluvium is productive.

The Eocene-aged flysch unit (Yoncall
formation) underlies the aquifer and is made up
of mudstone, marl and sandstone. The formation
crops out on both sides of the N-S running
aquifer. The formation is thin-to-medium bedded,
and locally folded. According to earlier studies
and our observations, the Yoncall formation is an
impermeable to low permeable unit. The DSI
drilling wells proved that the Yoncali formation
beneath the aquifer comprises mudstone layers.
Groundwater levels range from 0.5 m to 11 m
beneath the ground, and the groundwater flow
generally occurs from north to south.

After  the  first of the
hydrogeological investigations in 1996 and the
DSI feasibility analysis in 2000, production wells
were drilled in 2002 to irrigate an area of 220
ha. The wells have a depth of 40 m, a 10°* inches
casing diameter, and a 6-20 /s yield. Water

phase

samples were taken at the beginning, middle and
end of the pumping test, and chemical analyses
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were done by the DSI ‘s Water and Soil

Laboratory.
Because  the electrical conductivity
values of the water samples which were

abstracted from the wells for the first time were
moderately high (EC=2120-2480 microS/cm),
additional samplings were undertaken in order to
investigate the salinity and quality of the
groundwater. In these studies, a new pumping
test (72 hours) and sampling strategy were set up
in two irrigation wells and in the Cavuskéy
drinking well. In addition to these studies,
conductivity and temperature logs were taken at
the same wells.
According to the conductivity and
and all data,
groundwater salinity increases with neither depth
it
decreases in accordance with the conductivity

temperature logs chemical

nor pumping duration, on the contrary,

logs. Besides, there is considerable increase in
the groundwater salinity from upstream to
downstream in the project area. In contrast, there
is either an irregularity or a decrease in SAR and
Na rates in the same direction. Consequently,
groundwaters in the downstream part of the
project area have moderately high salinity, but
there are no boron or alkalinity problems in the

project area.

Usability  for of the
groundwaters in the project area is interpreted

irrigation

according to the classifications given in the
the USA Salinity
Laboratory Classification, the wells numbered
57954, 57955 and 57956 have high salinity and
low sodium values (Cs-S;), and the waters
abstracted from wells 57957, 57958 and 57959
have very high salinity (C,S;). Groundwater

literature. According to
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samples are plotted as ‘“good-usable” or
“suspicious-unusable” areas in the Wilcox
diagram, and as “usable” or “usable with

cautioun” areas according to the Scofield (1935)
classification.

As a result, according to the interpretations of all
the data, the groundwater salinity in the lower
part of the area studied is moderately high, but
sodium, boron and residual sodium carbonate
contents remained acceptable in the whole
project area. In addition to this, no drainage
problem exists in the soil zones of the
investigated area, and the tolerance to the water
salinity of the crop types used is fairly high.
Consequently, it is concluded that groundwater
irrigation can be allowed if salt resistant crops
are selected and if the irrigation is applied under

the control of experts.
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Sedimanter Petrographic Properties of Eocene Sandstones and an Approach to Provenance According
to Plate Tectonics in the Giimiishane Region
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oz
Bu calismada, Glimiishane bolgesinde yer alan biri volkaniklastik digeride silisiklastik karakterli Eosen

yaslt iki kumtagi baskin istifin sedimanter petrografik ozelliklerinin karsilastirilmasi ve mineralojik
bilesimlerinden yola ¢ikarak levha tektonigi yerlesimlerinin tahmini amaglanmistir.

Volkaniklastik 6zellikteki istifin Eski Giimiishane yoresinde 6lgiilen kalinligi 195 m.,
silisiklastik istifin Unliipmar (Kelkit) civarinda dlgiilen kalinligi ise 280 m. dir. Volkanoklastik istif gri
renkli, orta, kalin tabakali kiregtasi; gri, kahve renkli, ince — kalin tabakali kumtasi; gri, yesil, kahve
renkli marn — kiltag1 ve tiif aradalanmasindan ibarettir. Silisiklastik istif ise gri, sarims1 kahve renkli
marn ve daha az olarak agik gri renkli ince, orta tabakali kiregtasi, ¢akiltagi ve tiif ardalanamsindan
olugmaktadir.

Eski Giimiishane kesitinin kumtaslar1 orta taneli, iyi, orta derecede boylanmali ve tanelerin
dagilimi simetrige yakin — ince taneye yamuktur. Unliipinar kesitine ait kumtaslar1 orta, ince taneli, gok
iyl — kotii derecede boylanmali ve taneler, kaba taneye yamuk — ince taneye yamuktur.

Eski Giimiishane kesiti kumtaslarinin bilesenleri kuvars (monokristalin kuvars, polikristalin
kuvars), feldispat (alkali feldispat, plajioklaz), kaya¢ parcast (volkanik kayac pargasi), tali mineral
(olivin, epidot, biyotit, klorit), opak mineral, matriks ve ¢imentodan ibarettir. Bilesenlerin kayag i¢indeki
oranlarma gore: Volkanoklastik istife ait kumtaslari, arkoz ve litik arkoz olarak simiflandirilmistir.
Unliipinar kesitine ait kumtaslarin bilesenleri ise baslica kuvars (monokristalin kuvars, polikristalin
kuvars), feldispat (alkali feldispat, plajioklaz), kayag parcast (volkanik kayag¢ parcgasi, sedimanter kayag
pargasi), opak mineral ve ¢imentodur. Bilesenlerin kayac¢ i¢indeki oranlarina gore: Silisiklastik istifin
kumtaslari, litarenit olarak adlandirilmistir.
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Her iki istife ait kumtaslar1, hem dokusal olarak hem de mineralojik olarak olgunlagsmamastir.

Volkanoklastik ve silisiklastik istifin kumtaslar1 magmatik yay, yeniden islenen orojen bolgesi
ve buna bagli olarak da yay gerisi bindirme kusagindan tiiremistir.

Anahtar kelimeler: Giimiishane, volkanoklastik, silisiklasik, kumtasi petrografisi, provenans

ABSTRACT

This study aims at determining the sedimentological and sedimanter petrographic features of, and the
correlation between, Eocene aged volcanoclastic and siliciclastic characterized sandstones in the
Giimiishane region.

The thickness of the volcanoclastic sequence is 195 m. around Eski Giimiishane and the
thickness of the siliciclastic sequence is 280 m. around Unliipinar (Kelkit). The volcanoclastic sequence
is a composite of grey colored and medium, thick bedded limestone, grey, brown colored and thin,
medium, thick bedded sandstone, green, grey, brown colored and thin, medium bedded marl-claystone
and tuff. The siliciclastic sequence is a composite of grey, yellowish brown colored and thin to thick
bedded sandstone, and green, greenish grey, brown colored and thin, medium bedded marl. There is
frequently observed locally interbedded light grey, thin, medium bedded limestone, conglomarete and

tuff.

Sandstones of the Eski Giimiishane sequence are median grained, well to moderately sorted and
near symmetrical to fine skewed. Sandstones of the Unliipinar sequence are medium to fine grained,
very well sorted to poorly sorted and coarse skewed to fine skewed.

The composite of the Eski Giimiishane sequence’s sandstones comprises Quartzes
(monocrytalline and polycrystalline quartzs), feldspars (alkali feldspars and plagioclases), lithic
fragments (volcanic rock fragments), accessory minerals (olivine, epidote, biotite, chlorite), opaque
minerals, matrices and cements. According to the mineral ratios in the rock, sandstones belonging to the
volcanoclastic sequence are identified as arkose and lithic arkose.

The composite of the Unliipinar sequence’s sandstones mainly comprises Quartzes
(monocrytalline and polycrystalline quartzs), feldspars (alkali feldspars and plagioclases), lithic
fragments, sedimentary rock fragments, (volcanic rock fragments), opaque minerals and cements.
According to the mineral ratios in the rock, sandstones belonging tothe siliciclastic sequence are
identified as litarenite.

Both of the sequences are either compositionally immature or texturally immature.

The main provenances of the volcanoclastic and siliciclastic sandstones are generally magmatic
arc, recycled orogen region and back arc subduction complex.

Key Words: Giimiishane, volcanoclastic, silisiclastic, sandstone petrography, provenance
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GIRIiS

bolgesinde temel kayaclarini
(Ketin,
1951) ve bunu kesen Geg¢ Paleozoik yash
1972)

olusturur. Temel iizerine uyumsuz olarak Liyas

Glimiishane
Paleozoik yashi Pulur Metamorfidi

Giimiighane  Granitoidi  (Yilmaz,
yash volkanik — silisiklastik 6zellikli Senkdy
Formasyonu gelir (Yilmaz ve dig., 2006). Istif
yukartya dogru Malm — Erken Kratese yasli,
kalin tabakal
karbonatlardan olusan Berdiga Formasyonuna
gecer (Pelin, 1977). Geg¢ Kretase yash
Kermutdere Formasyonu (Tokel, 1972) alttan

genellikle ve masif yapil

iiste dogru sar1 renkli kumlu kiregtasi, kirmizi
renkli mikritik kirectasi, tiirbiditik ¢ékel olmak
iizere ii¢ liyeden olusur ve alttaki birimleri
uyumlu olarak oOrter. Eosen yasli Alibaba
Formasyonu bolgede genis alanlarda yayilim
gosterir ve alttaki birimleri uyumsuzluk ile
istler (Tokel, 1972). S6z konusu formasyon
volkanik — silisiklastik kayaclardan meydana

gelmigtir.

Yoredeki Eosen yaslh kayaglar pek ¢ok
arastirmaci tarafindan calisilmistir; Yilmaz
(1972), Cmar ve dig. (1985) volkanoklastik
istifin yasin1 Eosen olarak saptamiglardir. Tokel
(1972), Glimiishane ydresinin H43-al paftasini
iceren bOlimiiniin 1/25.000 olcekli jeolojik
haritasin1 yaparak istifi Alibaba Formasyonu
olarak tanimlamistir. Agar (1977), Kelkit-Kose
yorelerinde istifin nummunit igeren
kumtaglarindan olustuguna deginmistir. Eren
(1983), Glumiishane — Kale yoresinde yaptigi
Alibaba

gence dogru; taban konglomera liyesi, tortul —

calismada Formasyonunu yashdan
volkanik {iye, andezit iiyesi, yastik lav iiyesi
olmak tizere dort iiyeye ayirmistir. Giiner ve
dig. (1985), Eski Glimiishane yoresinde Eosen
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1 a Eski Gumighane kesti

24a Unlupmar kesiti

Sekil 1. Dogu Karadeniz Bolgesinde Eosen yash
volkanik, volkanoklastik ve sislisiklastik kayaglarin
dagilimi (Giiven ve dig., 1993’den sadelestirilerek) ve
olcili stratigrafik kesitlerin konumu

Figure 1. Distirbution of Eocene aged volcanic,
volcanoclastic and siliciclastic rocks in the East
Karadeniz Region (from Giiven et. al., 1993) and
location of measured stratigraphic sections

yash volkaniklastik istifin kalinligin1 yaklagik
200 m, Giiner ve dig. (1986), Kelkit-Siran
yorelerinde Eosen tiirbiditlerinin yaklagik 600
m kalilik sundugunu vurgulamistir. Keskin ve
dig., (1989) yaptigi calismada Eosen yash
kayaclarin Giimiishane ydresinde andezit -
bazalt ve piroklastlarindan olustugunu, Kop ve
Maden (Bayburt) yoresinde ise konglomeralarla
baglayan, yukariya dogru kumtasi ve marn
ardalanmasindan olusan tiirbidit istiften ibaret
oldugunu belirtmistir. Yilmaz (1992) Kelkit
yoresinde yaptigi calismada, Eosen havzasinin
dogu -bat1 uzaniml oluk geometrili bir ¢okelme
ortami oldugunu belirtmistir. Ayrica Saydam
ve Korkmaz (1996) Maden (Bayburt) yoresinde

yaptiklart  calismada  tiirbidit istife  ait
kumtaslarinin  litik vake olduguna dikkat
¢ekmisledir.
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tuf ardalanmaz

Gn renkli, ince tabakah
mar-kumtagp, taf
ardalannma

— [Gr1 reakli, orta tabakal:
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ince-kahn tabalkah mam-kiltap
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— Paralel laminalanma, .- derecelenrne
Not: Modal analizleri yapilan kumtag1 orneklerinin yerleri kesitler iizerinde gosterilimigtir

Sekil 2. Eosen yash volkanoklastik (A- Eski Giimiishane) ve silisiklastik (B- Unliipinar) istiflerin &l¢iilii stratigrafik
kesitleri

Figure 2. Measured stratigraphic sections of Eocene aged volcanoclastic (A- Eski Giimiishane) and siliciclastic (B-
Unliipinar) sequences
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MATERYAL VE YONTEM

Gumiighane civarindaki Eski Giimiighane’den ve
Unkiipmar (Kelkit)’den 2 adet stratigrafik kesit
Ol¢iilmils ve petrografik tayinler igin 68 adet
kumtas1 6rnegi alinmistir. Orneklerin petrografik
ozellikleri tayin edildikten sonra, uygun tane
boyuna sahip Eski Giimiishane kesitinden 8,
Unliipmar kesitinden 14 adet érnegin (toplam 22
adet) yontemi  kullanilarak
(Stunner and Basu, 1985) modal analizleri
Bu yonteme gore,
goriilen biiylik bir kaya¢ pargaciginin igermis
oldugu minerallerin boyutu 0.0625 mm den
biiyiik ise o mineral, tane veya kristal olarak
sayilmaktadir. Ciinkii Wenthworth tane boyutu
smiflamasma  gore,
dagilim1 0.0625 mm — 2 mm arasindadir. Olgiim
sirasinda ortaya ¢ikan sayma hatasini hesaplamak
icin s=VVi(100-Vi)/n (s: sayma hatasi, Vi:
kesitteki herhangi bir bilesenin % sayisi, n: nokta
agindaki  toplam nokta  sayisi)
kullanilmistir  (Erkan, 2001).
n=1000’dir ve sayma hatasinin % 95.4 oraninda
giivenirligi belirlenmistir.
belirlemek i¢in ise okiiler mikrometre ile tanenin
en uzun eckseni dikkate alinarak tane boyu
Olclilmiistiir. Grafik c¢izimlerinde herhangi bir
karigikliga yol agmamak i¢in milimetre cinsinden
tane boyu Krumbein tarafindan Onerilen ¢
olgegine (¢=-Logyd) (Tucker, 1991) cevrilmistir
(d=mm cinsinden tane ¢api1). Her bir drnegin ayr1
ayr kiimiilatif % frekans egrileri ¢izilmistir. Bu
egrilerden faydalanarak oOrneklerin 5., 16., 25,
50., 75., 84. ve 95. yiizdelere karsilik gelen ¢
degerleri belirlenmistir (Cizelge 1). Daha sonra
bu degerler Folk (1974) formiillerine

Gazi-Dickinson

yapilmuistir. ince kesitte

kumtaglarinin tane boyu

formiilii
Bu c¢alismada

Dokusal 06zellikleri

uygulanarak, tane boyu ortalamas1 (Mz), grafik
standart sapma (cl), grafik yamukluk (Sk) gibi
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tane boyu parametreleri hesaplanmistir (Cizelge
1). Bunun diginda her bir 6rnegin ayri ayri tane

boyu ve % frekans degerleri kullanilarak
histogramlar1 ¢izilmis ve medyan ve mod
degerleri  bulunmustur (Sekil 3). Ayrica

kumtaglarini olusturan her bir bilegenin tane boyu
degisimine bagli olarak ylizde oranlarin1 gérmek
icin  Suthern (2004)
diyagram kullanilmistir (Sekil 4).

tarafindan  gelistirilen

LIiTOLOJIK VE SEDIMANTOLOJIK
OZELLIKLER

Eosen yash volkanoklastik istif Eski Glimiishane
tirbidit  ozellikteki Ust Kretase
birimleri iizerine uyumsuz olarak gelmektedir.
Eski Giimiishane Olgiilii Stratigrafik Kesiti Eski
Gilimiishane yoresindeki Venk Yaylasi civarindan
alinmistir  (Pafta, Trabzon H42-b2, kesitin
baslangi¢ noktalar1 X=4479100, Y=535600, bitis
X=4479400, Y=535750). Kiregtasi,
kumtasi, marn, tif ardalanmasindan olusan bu
istifin kalinlig1 195 m. olarak Sl¢tilmiistiir.

yoresinde

noktalari

Arazi gozlemlerinden elde edilen verilere
gore; istif tabanda gri renkli kalin tabakali
kirectas ile baslayip, yukariya dogru ince - kalin
tabakali, koyu gri, kahve renkli kumtasi, ince -
kalin tabakali gri, yesil, sarims1 kahve renkli
marn - kiltasi, kiregtast ve tiif ardalanmasi ile
devam ederek son bulmaktadir.

Unliipinar (Kelkit) yoresinde ise Eosen
yasht kirmtili kayaglar silisiklastik tiirbiditlerden
olusur. Istif bu yorede Geg Kretase yasli, yine
tiirbidit karakterli kayaclar flizerine uyumsuz
olarak gelmektedir. Unliipmar Olgiilii Stratigrafik
kesiti  Kelkit
Unliipinar civarindan alinmistir (Pafta, Trabzon

ilgesinin  kuzeyinde yer alan
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€ . Volkanoklastik ve silisiklastik 1stife ait kumtaglarinin kumulatit % frekans egriler1 ve histogramlari
Sekil 3. Volkanoklastik ilisiklastik istife ait k 1 kiimtilatif % frek grileri ve histograml

Figure 3. Cumulative percent curves and histograms of the volcanoclastic and siliciclastic sequeces’ sandstones
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H42-c2, kesitin baslangi¢ noktalar1 X=4448125,
Y=537350, bitis noktalar1 X=4444775,
Y=538950). Birimin bu ydredeki kalinligr 280 m.
olarak ol¢iilmistiir (Sekil 2).

Arazi gozlemlerine gore; Birim yorede
gri renkli, iri taneli, orta tabakali kumtasi ile
baslamaktadir ve 9. metreye kadar 6zellikler ayn1
sekilde devam etmektedir. 9. metrede yaklasik 2
m. kalinlikta, degisik litolojide ve 1-5 cm
iyi

karbonat

capinda, yuvarlaklasmis ve baglayicist

genellikle olan cakiltasi tabakasi

mevcuttur. S6z konusu kayacin yanal yonde
devamliligt  yoktur ve muhtemelen kanal
dolgusudur. Bunun {izerine ¢ok ince — orta
tabakali kahve

gelmektedir. Yukariya dogru ince -kalin tabakali,

sarimsi renkli  kumtagi
acik gri, kahve renkli kumtasi ve ince, orta
tabakali, yesil, yesilimsi gri, sarims1 kahve renkli
marn ardalanmas1 ile istif son bulmaktadir.
Ardalanmaya yer yer acik gri renkli ince, orta
tabakal kirectas1 ve tiifte eslik etmektedir. Istifte
tortul yap1 olarak yer yer derecelenmeye ve

paralel laminalanmaya rastlanmaistir.

Adi
yonde devamli ve diizgiin olmasi, istifin ince

gecen yoOrede tabakalarin yanal

(marn, kiregtasi) ve daha iri taneli (kumtasi,
cakiltasi) kayaglarin siirekli ardalanmasindan
olusmasi, tortul yap1 ve kanal dolgusu fasiyesinin
tiirbidit tasinip

cokeldigini gostermektedir. Havzada iri taneli

olmasi, bunlarin akintilarla
kumtast ve kanal dolgusunun mevcudiyeti ve
ayn1 zamanda yer yer laminalanmanin olmasi
akint1 yogunlugunun zaman zaman yiiksek zaman
zaman da diisiik oldugunu gostermektedir (Pantin
1979; Lowe 1982). Istifte yer yer volkanik
malzemenin gorlilmesi tortulasma siiresince
donemsel volkanik faaliyetlerin olduguna isaret

etmektedir.
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DOKUSAL OZELLIKLER

Eski Giimiishane Olgiilii Stratigrafik Kesiti
kumtaglarinin  tane boyu ortalamasi (Mz)
degerleri 1 - 1.97¢ arasinda degismektedir.
Wenthworth boyut smiflamasina bu kesite ait
kumtaglar1 genel olarak orta tanelidir (Folk,
1974). Bilesenlerin tiirlerine gore tane boyu
dagilimina bakilacak olursa; Monokristalin
kuvars (QOm), ¢ok kaba kum - kaba silt arasinda
degismektedir. Fakat ¢ogunlugunu (yaklasik %
15) orta kum olusturmaktadir. Polikristalin
kuvars (Qp), kaba kum-orta kum arasinda
degismektedir, ¢ogunlugunu (yaklasik % 30) orta
kum olusturmaktadir. Alkali feldispat (Af), kaba
kum- ince kum arasinda degismekte olup, biiyiik
cogunlugu (yaklasik % 21) orta kumdur.
Plajioklaz (Pj), ¢ok kaba kum-kaba silt arasinda
degismekte olup, cogunlugu (% 17) orta kumdur.
Volkanik kayag¢ par¢ast (Lv), Cok kaba kum-ince
kum arasinda degismektedir, fakat biiylik bir
kismini (% 19) orta kum olusturmaktadir (Sekil
4).

Eski
standart sapma (o) degerleri 0.4 - 0.95¢ arasinda
degisir; yani bu kumtaglari iyi - orta boylanmustir.
Orneklerin kiimiilatif % frekans egrileri ve
histogramlar1 da bunu destekler niteliktedir.
Kumtas1 6rneklerinin grafik yamukluk (sk)
degerleri  —0.01 - 0.18¢ arasinda degisiklik
gostermektedir. Bu degerlerden yola ¢ikarak
tanelerin dagiliminin simetrige yakin - ince
taneye yamuk (Folk, 1974) oldugu belirlenmistir.
Bu, ¢okelme ortaminda kaba taneli malzemenin
bol oldugunu ve havzaya yakin kaynaktan
malzeme tagindigi anlamina gelebilir.

Gumiishane kesiti kumtaslarinin

Unliipmar (Kelkit) Olgiilii Stratigrafik Kesiti
kumtaslarinda tane boyu ortalamasi (Mz)
degerleri 1.33 2.77¢ arasinda degisir.
Wenthword tane boyutu siniflamasina gore

ile
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Sekil 4. Tane Boyunun fonksiyonuna bagli olarak segilen kumtasi drnekleri bilesenlerinin oranlari

Figure 4. Proportions of detrital components as a function of grain size of selected sandstone samples

G-6 Eski Glimiishane kesiti G-2

0.12mm

Sekil 5. Secilen bazi kumtagt 6rneklerinin ince kesit goriiniimleri (Qm: Monokristalin kuvars, Qp: Polikristalin kuvars, Af:
alkali feldispat, Lv: Volkanik kaya¢ parcasi, Ls: Sedimanter kayag pargasi, M: Matriks, Cm: Cimento, C6: Cort, Ket: Kiregtasi
parcasi, Op:Opak mineral)

Figure 5. Microscopic view of selected same samples of sandstones (Om: Monocrystalline quartz, Qp: Polycrystalline quartz,
Af: Alkali feldspar, Lv: Volcanic rock fragment, Ls: Sedimantery rock fragment, M: Matrix, Cm: Cement, Co: Chert,
Kct:Limestone fragment, Op: Opac mineral)
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Cizelge 1. Incelenen kumtasi drneklerinin tane boyu istatistiksel parametreleri

Table 1. Grain size statistical parameters of studied sandstones

Olciilii kesit ad1  Ornek o1 o5 ¢16 925 ¢S50 ¢75 ¢84 ¢95 Mz o1 Sk
No
G-2 ~-1.75 -05 025 075 12 198 2.1 215 1.18 0.86 -0.01
G-6 075 0.95 14 1.9 24 25 15 079 0.11

Eski Giimiishane G-12 -0.7 0.1 0.4 1.05 1.2 198 25 1 0.95 -0.005
G-13 08 098 105 14 19 235 28 1.57 0.64 0.18
G-14 0.15 08 098 1 1.3 1.7 18 21 136 04 0.1
G-15 -0.05 -0.1 1.15 1.2 2 23 275 31 197 09 -0.03
Pe-1 085 1 1.15 14 2 22 265 3 1.93 0.67 -0.07
Pe-2 045 075 1 125 175 21 25 298 175 07 0
Pe-3 -0.01 12 1.8 1.85 225 26 28 3.1 228 0.56 0.053
Pe-4 -03 -025 1.1 1.2 1.75 2 25 28 178 0.8 0.04
Pe-5 -0.02 125 14 145 1.8 22 225 28 182 0.44 0.03

. Pe-6 1 1.15 140 160 22 25 255 31 2 0.58 -0.2
Unliipmar Pe-7 -05 0 1.1 1.25 195 2.1 235 31 18 0.78 -0.19

Pe-8 0.7 075 1.15 125 16 22 25 3 1.75 0.68 0.16
Pe9 125 18 22 2.5 2.85 3.1 325 33 277 049 -0.13
Pe-10 -0.1 14 165 170 185 22 24 28 197 04 0.21
Pe-11 05 075 1 1.5 1.7 195 21 255 16 054 -0.14
Pe-13 0.75 08 1 1.05 125 2 225 305 15 0.65 027
Pe-14 13 185 2 245 29 308 3.15 12 268 027 -0.03
Pe-15 -0.15 -0.10 -0.01 0.1 085 1.75 24 3 1.08 1.07 0.14
Pe-16 -0.25 -0.1 0.5 095 14 19 21 25 133 0.79 -0.06

Mz: Tane boyu ortalamasi, o1: Grafik standart sapma, Sk: Grafik yamukluk

kumtaslar1 orta - ince tanelidir (Folk, 1974). Ote
yandan her bir bilesen kategorisinin tane boyu
onemli Olglide degisir; Monokristalin  kuvars
(Om), cok kaba kum - c¢ok ince kum arasinda
degismektedir ve biiyiikk ¢ogunlugunu (yaklasik
% 10) ¢ok kum  olusturmaktadir.
Polikristalin kuvars (Op), ¢ok kaba kum - ¢ok
ince kum arasinda degismekte olup, ¢ogunlugu
(yaklasik % 25) orta kumdur. Alkali feldispat
(4Af), cok kaba kum- cok ince kum arasinda
degismekte olup, biiyiik ¢ogunlugunu (yaklasik
% 18) ince kum olusturmaktadir. Plajioklaz (Pj),
ince kum - ¢ok ince kum arasinda dar bir yayilim
gostermektedir. Volkanik kayag parcast (Lv), Cok

ince
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kaba kum - ¢ok ince kum arasinda degisiklik
gostererek, cogunlulugu (% 26) ince kumdan
ibarettir. Sedimanter kaya¢ pargast (Ls), kaba
cok dagilim
gostermektedir, biiyiikk bir kismi (% 35) ince

kum ince kum arasinda

kumdur.

Unliipinar kesiti kumtaslarinin standart
sapma (o) degerleri 0.27-1.07¢
degisiklik sunmaktadir. Bu degerlere gore bu
kumtaglarinin  boylanmasit ¢ok iyi ile koti
arasinda degisir. Cizelge 1 ve Sekil 3’e
bakildiginda; 4 6rnegin (Pe5, Pe9, Pel0, Pel4) o,
degerleri 0.27 ile 0.49¢ arasinda degismektedir
(<0.35¢ ¢ok iyi ve 0.35-0.50¢ iyi boylanmali,

arasinda



Cigdem SAYDAM EKER

[eIQUIA Uty JuIory i1 ‘molig 4A1g “opidy :prdqg ‘ojudwir) swr) ‘sytney ey ‘isedred
SeAey 1ojuewipag s ‘isedred deley yiuey[oA AT ‘zepjoileld :[J yedsipra) eV JV ‘SieAny ureistjijod :dQ) ‘SIeAny| ui[eisSLROUoA :w)

S0 0 0 0 0 [I'tFpeEl 0 S0F81 T+6'8C IF1I°€ 6°1F1°11 61579711 8TFT6T 91-d
0 0 0 0 0 I'TF8¢l 0 9°0 £FC'8¢ €0 6'1F€01 6'1F€°11 L'TFI¥C Si-d
80 0 0 0 0 STFELOT 0 TIF £F1°6€ 0 8'IF¢6 1+6°C 9'TFITT ri-d
(5 0 0 0 0 PVTFELL] 0 80 EFLSE 0 GIFII  6'1FFL L'TFY'ST £l-d
0 0 0 0 0 I'TFIel 0 60 €FL'OY 0 284 1'T+6'9 9'T¥9°TC 1-d
€0 0 0 0 0 €°CF91 0 SOFL1 6'TFEE <0 s adl F8L LT ST 01-d
<0 0 0 0 0 8 IFL6 0 SO0FL'L 6'TFCE €0 1Tl TFLTI 6'TFE0E 8-d
90 0 0 0 0 TTFSI 0 S IF€9 £F68¢ 0 TFRTL 6'1FT1I Fs1 L-d
80 0 0 0 0 TTHFPSI 0 6'1F801 ['€F7°0F 0 FTTI 1+8°¢ £TF991 9-d
0 0 0 0 0 TTEESI 0 6'0F1°C UEFLLY 80 SIFT6 6’186 TFLYPI S-d sewdnqun
| 0 0 0 0 6'1F701 0 9'0FI1'1 ['¢Fv'6y 0 LIF6'L 61556 STF0T v-d =ty
90 0 0 0 0 8TFR9T 0 9'0F1 6'CTFITE 0 &IFL6  8'1F€8 STFPOT t-d
| 0 0 0 0 LTFTST 0 6'0FCT £Fv'6t 90 91F89 tPIFLS v'F6l d
0 0 0 0 0 STFES6l 0 1FL°C £¥8°1Y 0 LIFSL C€IFIS 9'TFCTTC 1-d
e TL 0 T 0 9TFTIT TFL'TI 0 SIF€9 PIF9°C  ¥IF6'S 0 6'TFSTE 91D
1Tl 0 ¢'e 0 L0F9°1 £F1I'SH 0 91Fv'L PIF9°S  6°0%ST 0 6'TFI'IE  SI-D
Lo Ty 0 $T 0 6TFFOL 6’1586 0 L'1FI'8 SIF€9 L1798 €0 L'TFR'ST  #1-D :u.—»“E._U
€ 96 €0 '8 0 8'TFYST P IF9°¢ 0 TIFYY  $TF9LI 6°0F8°T 0 9 TFIC £1-D _an._ N
9 0 0 €€ 0 STE88I CIFLY 0 £F89¢ PIF9SC  9IF9L 60F6C Feel (A5}
€€ 91T 0 <l 0 vTF9I'Ll 6'1F91°11 0 CTFSSI TFSTl  €IFST  80FST 6'TF80¢€ 8-
vy 0 0 S¥l 0 TFLEL YTFSLI 0 S1F99 9TFI'TT 80F1T 0 PTFLLL 9-D
4 & ¥ % 60 eIFSY L'TFIYT 90 STHFT0T  9TFLTT +'0 L0 9TFI'IT g
%UIW DI Alg cpudyg UIALI) Y% Yo A AT “Id IV dO wo) ON 1pe Ji1say]
yedo 9, [EJUIAl 1B wny Je 9, 1sedaed dedey] o/, yedsippa,g 9/, SIBANY] youiQ nndQ

SAUOISPUDS PAIVS1SIAUL[O 21150dUOD JO SUOISNIIUOD SISADIDUD [DPOIN *7 2]qD]

LIR[ONUOS ZI[RUR [RPOW ULID[U$D[Iq J18 RULIR[SRIWNMY UDUD[IU] ‘7 9071

140



Giimiishane Bolgesindeki Eosen Kumtaslarinin Sedimanter Petrografisi ve Levha Tektonigi Olgekli Provenansina Bir Yaklasim

Folk, 1974); kiimiilatif % frekans egrileri de
diizgiin “S” ye yaklasarak kumtaslarinin iyi
boylanmali oldugunu gosterir. Diger 6rneklerin
o) degerleri 0.54 ile 1.07¢ arasinda degiserek ve

kiimiilatif % frekans egrileri de “S” den
uzaklasarak kumtaglarinin  kotii  boylanmali
oldugunu  desteklemektedir. Bu  kesitteki

kumtaglarinin grafik yamukluk (sk) degerleri —
0.2-0.16¢ arasinda degisiklik gostermektedir. S6z
konusu degerlere gore kum taneleri kaba taneye
(Folk, 1974).
Dolayisiyla havza hem uzak kaynaktan hem de

yamuk-ince taneye yamuktur

yakin kaynaktan beslenmistir.

Her iki kesitin kumtaslarinin tane boyu
parametreleri karsilastirildiginda bazi farkliliklar
Eski
kumtaslar1 orta tanelidir; Unliipmar kesitinin

gozlenmektedir. Gilimiishane  kesitinin

kumtaglar1 orta — ince arasinda degigmekle
Bu, Eski

tanelerinin,

birlikte ¢ogunlukla ince tanelidir.

Giimiighane  kesiti  kumtaglar
Unliipmar kesti kumtaslar1 tanelerine gére daha
az mesafeden tasindiginin kanitt olabilir. Eski
Giimiishane kesiti ve Unliipmar kesiti kumtaslari,

strastyla iyi — orta boylanmali ve ¢ok iyi — kotii

boylanmalidir. Buna gore; Eski Gilimiishane
kesiti kumtaglar1 dar bir aralikta boylanma
gostererek  havzanin  tek  bir  kaynaktan

beslendigine isaret etmektedir. Oysaki Unliipmar
kesiti kumtaslar1 ¢ok genis aralikta boylanma
gostererek havzanin biri yakin digeri ona gore
daha uzak mesafede olan iki ayr1 kaynaktan
belirtmektedir. Eski
kesiti kumtaglari, simetrige yakin — ince taneye

beslendigini Glimiighane
yamuk; Unliipinar kesiti kumtaslari, kaba taneye
yamuk — ince taneye yamuktur. Buna gore, Eski
Giimiishane kesiti kumtaslar;, Unliipinar kesiti
kumtaglarina gore daha iri tanelidir, tek ve daha
yakin kaynaktan beslenmistir.
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SEDIMANTER PETROGRAFI

Olgiilii ait

orneklerinin petrografik modal analizi yapilarak

stratigrafik  kesitlere kumtasi

bilesenlerin bagil bolluklar

(Cizelge 2).
(monokristalin  kuvars,

tespit edilmistir

Kumtaglar1  baglica, kuvars
polikristalin  kuvars),
feldispat (alkali feldispat, plajioklaz), kayac
pargasi

kayag parcas1), opak mineral, tali mineral (epidot,

(volkanik kaya¢ pargasi, sedimanter
klorit, olivin ve biyotit), matriks ve ¢imento
icermektedir (Sekil 5). Izleyen alt boliimlerde iki
ol¢iili stratigrafik kesit i¢in ayri ayri olmak {izere
bu bilesenlerin 6zellikleri ve bagil bolluklar ile
ilgili veriler sunulacaktir.

Eski Giimiishane Olgiilii Stratigrafik Kesiti

Kuvars: Monokristalin -~ Kuvars (QOm): Bu
yoredeki kumtaglar1 igersinde % 13.5+2 -
32.5£2.9 arasinda  degigsmektedir. Taneler

cogunlukla koseli-yan koselidirler (Sekil 5, G-2)
ve Genellikle diiz sénmeli olmakla beraber
dalgali sonmeli olanlar da vardir. Polikristalin
kuvars (QOp): Kayag¢ igersinde % 0-2.9 £0.9
arasinda degisiklik gostermektedir. Cogunlukla
yar1 yuvarlak-yar1 koselidirler ve kristal sinirlar

stiturlidiir (Sekil 5, G-6).

Feldispat: Alkali Feldispat (Af): Kumtaglari
icerisinde % 0.4-8.6x1.7 arasinda degismektedir.
Taneler yar1 koseli-koselidir. Biiylik ¢ogunlugu
mikropertitik siitriiktiirde olup, plutonik kaynagi
etmektedir.  Plajioklaz  (Plj):
%  5.6%1.4-22.712.6

bulunmaktadir. Biiyiikk cogunlugu polisentetik
bir yapi1
gostermektedir. Bazi tanelerde kalsitlesme ve

isaret Birim

icerisinde arasinda

ikizlenme, kismi  ise zonlu

kloritlesme s6z konusudur.



Kayac Parcacigi: Volkanik kaya¢ parcasi (Lv):
% 4.4%1.2
sunmaktadir.

Kumtag1 6rnekleri igerisinde

20.2£2.5 degisiklik
Taneler, yar1 yuvarlak-yar1 koselidirler (Sekil 5,
G-6). Cogunlugu bazik kayag parcacigi olmakla

beraber asidik kayac¢ parcalar1 da mevcuttur.

arasinda

Sedimanter Kayag¢ Pargast (Ls): Kayag icerisinde
sedimanter kayac¢ parcasi yok denecek kadar
azdir. Sadece bir ornekte (G-2) % 0.6 oraninda
mevcuttur (Sekil 5).

Tali Mineral: Kumtaslar tali mineral olarak % 0
- 18.3 oraninda epidot, klorit, olivin ve biyotit
icermektedir.

Opak Mineral: Kayag igerisinde % 0.7 - 6.4

oraninda bulunmaktadir.

Baglayici: Matriks: Kumtaslart % 4.7£1.3 —
45.143 degisen tiif,
monokristalin kuvars, plajioklaz ve feldispat

arasinda oranlarda
parcalarindan ibaret olan bir matriks igcermektedir
(Sekil 5, G-6). Cimento: Kayag icerisinde %
1.6£0.7 -
mevcuttur.

25.842.8 oraninda kalsit ¢imento

Unliipmar Olgiilii Stratigrafik Kesiti

Kuvars: Monokristalin Kuvars (Om): Kumtasi
ornekleri icersinde % 14.74+2 —30.3+2.9 arasinda
degisen  oranlarda  monokristalin  kuvars
bulunmaktadir. Taneler, yar1 yuvarlak — yari
koselidirler (Sekil 5, P-13, P-11) ve ¢ogunlukla
diiz sonme, ender olarak da dalgali sonme
gostermektedirler. Diiz sonmeli olanlar volkanik
kor kaya¢ kaynagimi (Tucker, 1991), dalgal
sonmeli olanlar ise hem diisiik metamorfik
kaynagi, hem de plutonik kaynag1 géstermektedir
(Lewis ve McConchie, 1994). Polikristalin
Kuvars (QOp): Kayag igerisinde 2.9t£1- 12.7£2
arasinda

degisiklik gostermektedir. Taneler
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yuvarlak-yar1 yuvarlaktir ve kristal sinirlar1 diiz
ve siitlirlidiir.

Feldispat: Alkali Feldispat (Af): Istifte % 6.8+1.7
14.8+2
bulunmaktadir

oranlarda

arasinda  degisen
(Sekil 5, P-13).
yuvarlak-yar1 yuvarlaktirlar ve genellikle mikro

Taneler,

pertitik  siitriikktiirde olup plutonik kaynagi
gostermektedirler.  Plajioklaz  (Plj): Kayag
icerisinde 0-3.1+1 arasinda degisiklik

gostermektedir ve polisentetik ikizlenme s6z
konusudur.

Kayag¢ Pargasi: Volkanik kaya¢ par¢asi (Lv):
Istifte bollugu % 28.9+2 —49.4+3.1 arasinda
degisiklik gostermektedir. Taneler, ¢ogunlukla
yuvarlak ve yar1 yuvarlaktir (Sekil 5, P-11), hem
bazik hem de asidik kaya¢ parcalar1 vardir.
(Ls): Kumtaslari
+1.9
yarl

Sedimanter Kaya¢ Pargasi
%  0.6-10.8
degismektedir. Taneler

icerisinde arasinda
yuvarlak-
yuvarlaktirlar. Biiyiik cogunlugu kiregtas1 parcasi
(Sekil 5, P-11) olmakla beraber ender olarak ¢ort

pargaciklar1 (Sekil 5, P-13) da mevcuttur.

Tali Mineral: Bu yoreye ait kumtaslari igerisinde
tali minerale rastlanmamustir.

Opak Mineral: Kumtasi igerisinde % 0.2-1.1
arasinda degisen oranlarda bulunmaktadir (Sekil
5, P-11).

Baglayici: Matriks: Bu yoredeki kumtagslar1 yok
denecek kadar (% 0-0.4) az oranda matriks
icermektedir. % 9.7+1.8-
26.8£2.8 arasinda degisen oranlarda kalsit
¢imento igermektedir (Sekil 5, P-11).

Cimento: Kayac

Her iki kesitin mineral bilesenleri (tali
mineral ve matriks hari¢) birbirine benzerlik
gostermektedir. Clinkii hem Eski Giimiigshane
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yoresinin hem de Unliipmar (Kelkit) ydresinin
stratigrafisi neredeyse aynidir. Dolayisiyla her iki
litolojiye
kaynaklardan beslenmislerdir. Eski Gilimiishane

yorenin  kumtaglar1  ayni sahip
kesiti kumtaslar1 Unliipinar kesiti kumtaslarindan
farkli olarak tali mineral (epidot, klorit, olivin ve
biyotit) ve matriks icermektedir. Bu da Eski
Giimiishane havzasinm, Unliipinar havzasina
kiyasla kaynak alanina muhtemelen daha yakin
olmas1 ile agiklanabilir. Bilindigi gibi epidot,
klorit, olivin ve biyotit duraysiz minerallerdir;
taginma mesafesi ve siiresi arttik¢ca bu mineraller
silt, kil boyutuna kadar kiiglilmektedirler. Ayni1
sekilde tasinma mesafesi arttikga matriks (0.03
mm) boyutundaki malzemeler ayrigir ve ¢okelme

alanina kadar ulagamazlar (Folk, 1974).
KUMTASLARININ SINIFLAMASI

Secilen kumtas1 6rneklerinin Folk ve dig. (1970),
McBride (1963) ve Dott (1964)’un tiiggen
diyagramlar1 yardimiyla siniflamalar1 yapilmistir
(Sekil 6).

|- Kuvars arent
ZS sbarkes \
3.Sublitarenit

0% 100
i \ - o
4 S Liik arkes

z
3 i 13
S Ak i
\ A-Fnhh spaak litarsnis ( \ 6 Ltk arkon
\ T-Litwenit /{ Lfeidpanicliten
% \\‘0 50~ / \ 30 a
:/ /
{Folkcve &, 1970)

B Vi 13

t
m\ 0 25 50 7310

; * Bl Glsighans kenti
FELDISPAT @ Urdtpunar kasits

{Dow, 1964)

KAYAC o«
PARCACIKLARI

Sekil 6. Giimiishane yoresi Eosen yasli kumtaglarinin
farklr aragtirmacilara gore siniflandirilmast

Figure 6. Classification of Eosen aged sandstones in
Giimiighnane according to different researchers
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Buna gore; Folk ve dig.
McBride  (1963)  {iggen
Unliipiar kesiti kumtaslarmin neredeyse tamami
Eski
kumtas1 6rnekleri ise arkoz ile feldispatik litarenit
arasinda degisiklik gostermektedir. Dott (1964)
diyagraminda

(1970) ve
diyagramlarinda

litarenit bdlgesinde, Glimiishane kesiti

licgen matriks g6z Oniinde
bulundurulmadan hesap yapildiginda Unliipmar
kesiti kumtaglar1 litik arenit, Eski Gilimiishane
kesiti kumtaslar1 ise arkozik arenit - subarkoz
bolgelerine diismektedir. Ancak matriks goz
onilinde bulundurularak hesap yapildiginda Eski
Gumiigshane kesiti kumtaglarina ait 6 Ornekte
matriks orani % 15°den fazla oldugu igin sz
konusu Ornekler, feldispatik grovak bolgesinde
yer almaktadir. Bu veriler 1518inda Eosen yash
kumtaslar1, Unliipmar kesitinde litarenit, Eski
Gilimushane kesitinde ise arkoz-litik arkoz oldugu

sOylenebilmektedir.

MINERALOJIK VE DOKUSAL
OLGUNLUK

Eski Giimiishane kesiti kumtaslarinda kuvars
orant % 16.4 - 32.5, feldispat orant % 8.1-23.1,
kaya¢ parcacigi orani % 1.7 - 20.8 arasinda
degismektedir. Unliipmar kesitinde ise kuvars
orani % 20.4 - 43, feldispat oran1 % 7.1 - 14.8,
kaya¢ pargacigt oram1 % 30.7 -50.5 arasinda
degisiklik gostermektedir. Bu degerlere gore her
iki yorede de kumtaslar1 mineralojik agidan olgun
1984). Ayrica
orneklerin hicbirinde olgunlugun en Onemli

degildir (Vollani ve Mezzadri,

gostergelerinden olan agir minerallere (turmalin,
zirkon, rutil) rastlanmamistir. Bunlarin yanisira
olgun omneklerin QFL diyagraminda kraton ici
alana diismesi beklenirken (Cox ve Lowe, 1996),
bu calismada ornekler magmatik yay ve yeniden
islenen orojen bdlgelerine diismiiglerdir; bu ise
Glimiishane bolgesi Eosen yasghi kumtaglarinin



bilesimsel olarak olgun olmadigini
ispatlamaktadir.

Eski Glimiishane yoresinde, tanelerin
genellikle koseli - yar1 koseli olmasi ve

boylanmanin orta - iyi olmasi ve Unliipmar
yoresinde ise tanelerin genellikle yuvarlak -yari
yuvarlak olmasi ve boylanmanin iyi - koti
(Cizelge 1)
kumtaglarinin dokusal olarak olgun olmadigini da
isaret etmektedir (Tucker, 1991).

arasinda  degismesi bolge

KUMTASLARININ PLAKA TEKTONIGIi
ACISINDAN YORUMU

QFL, QmFLt, QpLvLs,
kullanilarak kumtaglarimin  kaynak bdlgesinin

iicgen diyagramlari

Levha Tektonigi acisindan yorumu yapilmistir
(Dickinson ve Suczek, 1979; Dickinson, 1982,
Dickinson ve dig., 1983).

Uggen diyagramlarda ug deger olarak
kullanilan bilesenlerin ylizde oranlar1 c¢izelge
2’de verilmistir.

QFL iicgen diyagramina gore her iki
kesite ait kumtaglari, yeniden islenmis orojen
bolgesi yay
tiiremislerdir.

ve  magmatik bolgesinden

QmFLt iicgen diyagramina gore Eski
Glimiishane kesiti kumtaslari ise temel yiikselimi,
karisik bolge ve ayrilmis yay bolgelerini isaret
etmektedir. Unliipinar kesiti kumtasi drnekleri,
yeniden olusan gecigli bolge, gecisli yay ve
karisik bolgelerde yer almaktadir. QpLvLs liggen
Eski
kumtaslar1 ise yay kokenli bdlgeyi, Unliipmar

diyagraminda ise Giimiigshane  kesiti

kesiti kumtasi Orneklerinin yarisi bindirme

kokenli, diger yarisi ise yay kokenli bdlgeyi
gostermektedir (Sekil 7).
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Bu  bilgiler 1s1ginda  kumtaslarinin
tamamen yay gerisi bindirme kusagindan tiiredigi
sOylenebilmektedir (Dickinson, 1985), fakat

bilesenler zamanla bir provenanstan digerine
hareket etmistir (Marsaglia ve Ingersoll, 1992).

TARTISMA VE SONUCLAR

Giimiigshane yoresinde FEosen yash kirintili
kayaclar, giiney-bat1 kesiminde volkanoklastik
ozellikte, giiney-dogu kesiminde ise silisiklastik
ozellikte olmak Ttzere iki farkli karakterde
Volkano-klastik  serinin  Eski

Gilimiishane yoresinde Olgiilen kalinligi 195 m.

¢cOkelmistir.

dir. Istif, baslica kumtasi, marn-kiltas1, kirectasi
ve tiif ardalanmasindan olugmaktadir.
Silisiklastik istifin kalinligi, Unliipinar (Kelkit)
civarinda 280 m olarak Ol¢iilmiistiir. Oysaki,
Giiner ve dig. (1986), Kelkit-Siran yorelerinde
Eosen yash silisiklastiklerin yaklasik 600 m
kalinlik sundugunu vurgulamistir. Kalinliktaki bu
farkliligin nedeni, havzanin asimetrik
konumundan kaynaklanmis olabilir. Silisiklastik
istif genel olarak kumtasi, marn ardalanmasi
seklindedir. Bu ardalanmaya yer yer cakiltasi,
kiregtagi ve tif eslik etmektedir. S6z konusu
istifte tortul yap1 olarak, yer yer derecelenme ve

paralel laminalanma g6zlenmektedir.

Volkanoklastik
genellikle orta taneli,

istife  ait
silisiklastik
kumtaglari ise cogunlukla ince tanelidir.

kumtaglari
istife ait

Volkanoklastk ve silisiklastik istiflere ait
kumtaglarinin bilesenleri; kuvars, feldispat, kayag
pargasi, opak mineral, tali mineral, matriks ve
kayag
parcaciklarmin oranlarina gore; Silisiklastik istife

cimentodur. Kuvars, feldispat ve
ait kumtaslar1 litarenit, volkanoklastik istife ait
feldispatik

arasinda degisiklik gostermektedir.

kumtaglar1 ise arkoz - litarenit
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Kitasal blok
3 Yesiden 1jlenen oroen
EDMagmaik yay

! L

QFL 6ggen diyagramu QuFLt 65 ges diyagrasm
1 Knaton 1
2 Kara geqijt 1 Kraton igi
3 Aynilrasy yay 2 Kawa gogui
AT Yoksalirai 3 Ternel Y ikceeling

4 Yenzden olugan ofjenik provenans
S Yerzden clugan gegash bige

6 Yeniden oluyan liik pasgalar

7 Aynlmaraig yay

8Cegigli yay

9 Aynlrmg yay
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S Yeniden cluyurs (Bindime,
Garpajraa, Jara yokselirm)

6 Bulejims Oranmun Artrsast
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%

QL s bg pen diyagramy
1 Bindirroe kokenli
2Yay kokeali
3 Qarpiyrua kbkenli

Ls

% Esla Ouraighane kesits
A Unlipna kests

Sekil 7. incelenen Kumtas1 6rneklerinin levha 6lgekli
provenanslarini  gosteren {licgen diyagramlardaki
dagilimlar1 (Dickinson, 1985)

Figure 7. Provisional composition of the derivation of
the studied sandstones from different types of
provenance (from Dickinson, 1985)

Her iki istife ait hem

mineralojik olarak hem de

kumtaslari,
dokusal olarak

olgunlagmamustir.

Dogu Karadeniz’in jeotektonik evriminin
farkh
yorumlar yapmislardir. Adamia ve dig., (1977) ve

aciklanmasinda  birgok  arastirmaci
Tokel (1983)’e gore Karadeniz magmatik yay1
Paleozoik’ten Eosen sonlarina kadar devam eden
kuzeye dogru bir yitimle gelismistir. Sengdr ve
dig., (1980) Karadeniz magmatik yay1
Dogger’e dek giineye; Ust Kretase’den Eosen
sonuna kadar ise kuzeye dogru farkli donemlerde
¢ift yitimin oldugunu ileri siirmiislerdir. Dewey
ve dig., (1973), Bektas, (1981, 1982, 1986),

Bektas ve dig., (1984) ise Karadeniz yayinin esas

igin

yapisinin giineye dogru siirekli yitimle gelistigi
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gOrligiinii benimsemiglerdir. Ayrica Gedik ve
dig., (1996) da yaptiklar ¢alisma ile, Karadeniz
Magmatik yaymnin merkezinin yaklasik olarak
Zigana — Soganli daglarinin doruk hattina denk
geldigini belirtmislerdir. Bu hattin kuzeyinde lav
ve piroklastlarin egemen oldugu bir yay Onii
havza; giineyinde ise sedimanter kayaclarin
baskin oldugu, ¢cok az magmatik etkinlikli bir yay
gerisi havzanin gelistigine dikkat ¢ekmislerdir.
Karadeniz okyanusal litosferinin giineye dogru
yitiminin, Miyo-Pliyosen’e kadar devam ettigini
vurgulamiglardir. Bu ¢alismada, Eski Giimiishane
ve Unliipmar kesitleri kumtaslarinin  plaka
tektonigine gore yay gerisi bindirme kusagindan
tiiredigi tespit edilmistir. Bu da Glimiigshane ve
civarlarmin yay gerisi havza oldugunu destekler
niteliktedir. Bu
yoresindeki Eosen yash
silisiklastik kayaglarin yay gerisi havzalarda

cokeldigi soylenebilir (Sekil 8).

baglamda, Gilimiishane

volkanoklastik ve

Yay tui

Olgeleziz

[7] Gog Keatase yagh trbidicsstf [7=7] Boenyagh wolkoak va volkanoldastk kayaglas

Gog Keetase yagl volkarak: ve volkanddastik kayagls =] Eosen yagh ilsidastlc kay gl
1a Eto Quutglhane kest 24 Criitpunar kasit

Sekil 8. Giimiighane ydresindeki Eosen yasli volkanokl:
silisiklastik kayaclarin ¢okelme ortamini gosterir semat
(Saydam ve Korkmaz, 2006’dan degistirilerek)

Figure 8. Deposition environments of FEocene
volcanoclastic and siliciclastic rocks around Giin
(modified from Saydam and Korkmaz, 2006)
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EXTENDED SUMMARY

This
sedimentological,

the
petrographic

study — aims at  determining
sedimanter
features and the correlation between Eocene

aged volcanoclastic and siliciclastic

characterized sandstones in the Giimiishane

region.

Eocene aged clastic rocks
two  different
Grimiighane. These deposits are characterized by
Northwest
Giuimiishane and by a siliciclastic sequence
The thickness of the

volcanoclastic sequence is 195 m. around Eski

were

developed into facies in

a volcanoclastic ~ sequence in

Southeast of Giimiishane.

Giimiishane and the thickness of the siliciclastic
sequence is 280 m. around Unliipinar (Kelkit).
The volcanoclastic sequence is a composite of
grey thick bedded

limestone, grey, brown colored and thin, medium,

colored and medium,

thick bedded siliciclastic sandstone, green, grey,
brown colored and thin, medium bedded marl-
claystone and tuff. The siliciclastic sequence is
composite of grey, yellowish brown colored and
thin, medium, thick bedded sandstone, green,
greenish grey, brown colored and thin, medium
bedded marl. There is frequently observed locally
thin,
bedded limestone, conglomerate and tuff. The

interbedding with light grey, medium

sedimentary structures are graded bedded and
parallel lamination.
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The composite of Eosen aged sandstones

and
(alkali
lithic  fragments

comprises quartz (monocrytalline

polycrystalline  quartezs), feldspars
feldspars and plagioclases),
(sedimentary rock fragments and volcanic rock
fragments), opaque mineral, accessory mineral ,
matrices and cements. In the Eski Giimiishane
section, monocrytalline quartzes range from very
coarse sand to coarse silt. These grains are
angular and subangular. They are either of
uniform extinction or undulose extinction. The
polycrystalline quartzes range from coarse sand
to coarse silt mostly, and the crystal boundaries
are either straight or sutured. The alkali
feldspars vary between coarse sand and fine
sand. The grains are generally subangular to
angular. The plagioclases range from very
They exhibit
polysynthetic twinning. Volcanic rock fragments

coarse sand to coarse silt.

range from very coarse sand to coarse silt. These
grains are subrounded and subangular, and they
In the

quartzes

have mostly basic rock fragments.
Unlupinar  section, monocrytalline
range from very coarse sand to very fine sand.
Their grains are subrounded and subangular,
and in general they are of uniform extinction
but, rarely, there are of undulose extinction too.
Polycrystalline quartzes vary  between very
coarse sand and very fine sand. Grains range
from rounded to subrounded. The crystal
boundaries are either straight or sutured. Alkali
feldspars range from very coarse sand to very
fine sand and their grains are rounded to
subrounded. The plagioclases range from fine
sand to very fine sand and they exhibit
polysynthetic  twinning. The volcanic rock
fragments range from very coarse sand to very
fine sand and their grains are rounded to
subrounded. They have either basic or acidic

rock fragments. Sedimentary rock fragments vary
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between coarse sand and very fine sand. The
grains range from subrounded to rounded. They
are composed of limestone and a few chert
fragments. According to the mineral ratios in the
the the
volcanoclastic sequence are identified as arkos

rock, sandstones  belonging  to

and lithic arkos,e andthe sandstones of the

siliciclastic sequence are named litharenite.

Both of the
compositionally

sequences are either

immature  or  texturally

immature. The main provenances of the two
sequences are generally magmatic arc, recycled
orogen region and back arc subduction complex.
Volcanoclastic and siliciclastic sequences are
deposited in a back arc basin.
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Zamanti Irmag1 Uzerinde Yer Alan Karstic Travertenlerde Yari-Giincel Ostrakod Toplulugu ve
Ortamsal Ozellikleri, Giiney Tiirkiye
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ABSTRACT

Subrecent Ostracoda associations have been identified in karstic travertine deposits of the Zamanti
River. In this study, seven species and three taxa left in open nomenclature (mainly of freshwater origin)
were investigated: Limnocythere inopinata, Eucyprinotus rostratus, Psychodromus olivaceus, Scottia
pseudobrowniana, Potomocypris fallax, Candona neglecta, Heterocypris barbara, Psychodromus sp.,
Trajancypris sp. and Cypridopsis sp. Recent climatic and hydrochemical conditions were also
determined in detail in order to provide a picture of the environmental conditions dominating over the
fauna  (Ostracoda) and flora (Bacillariophyceae/diatomeae, = Chlorophyceae/green  algae,
Cyanophyceae/blue-green algae). The results suggest that spring waters with a high carbon-dioxide
content support the algale population growth.

Key words: Karstic travertine bridges, Ostracoda, subrecent, Turkey.

oz

Zamanti Irmag iizeride yer alan karstik traverten ¢ékellerinde yart giincel ostrakod toplulugu tespit
edilmigtir ve 7 bilinen tiir ve isimlendirmeye acik 3 taxon (baslica tatlisu kokenli) tanimimlanmustir.
Limnocythere  inopinata,  Eucyprinotus  rostratus,  Psychodromus olivaceous, Scottia
pseudobrowniana, Potomocypris fallax, Candona neglecta, Heterocypris barbara, Psychodromus sp.,
Trajancypris sp. ve Cypridopsis sp. Ayrintili giincel iklimsel ve hidrokimyasal kosullar ortaya
konuldugunda ortamsal sartlarin ifade buldugu kosullar icinde Ostrakod faunast ile diatom
(Bacillariophyceae), yesil alg (Chlorophyceae) ve mavi-yesil alg (Cyanophyceae) flora toplulugu baskin
durumdadr. Sonuglar, yiiksek karbondioksit icerigine sahip kaynak sularimin alg toplulugunun
gelisimini destekledigini gostermektedir.

Anahtar Sozciikler: Karstik traverten kopriisii, Ostrakod, yari-giincel, Tiirkiye.
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INTRODUCTION

Travertines are terrestrial freshwater carbonate
formations and their faunal-floral associations
have recently started to attract interest (Diebel and
Pietrzeniuk, 1975, 1978, Pietrzeniuk, 1977,
Chafetz and Folk, 1984; Emeis et al., 1987,
Delorme, 1989, 1990; Pentecost, 1990; Viles and
Goudie, 1990; Griffiths and Evans, 1991;
Griffiths et al., 1993; Griffiths et al., 1995; Horne
and Martens, 1999; Horne et al., 2002), as they
are usually good indicators of environmental
conditions. The morphology and geology of the
detailed
hydrochemistry, geochemistry, algal biology and

three travertine bridges, and a
formation hypothesis have been given by Bayar1

(2002).

Study of fauna and flora associations,
with
and the correlation of Holocene

together climatic and hydrochemical
conditions,
ostracode associations with fossils are believed to
be helpful in reconstructing paleoenvironmental
conditions elsewhere. Since the life forms depend
strongly on the hydrochemical characteristics and
climatic conditions dominating in a travertine site,
a comparison of recent/subrecent species with
those of the fossil record may provide information

on past changes in environmental conditions.

Previous studies (Diebel & Pietrzeniuk,
1975, 1978, Meisch, 2000) that
travertines can develop chiefly via two distinct

indicate

types of groundwater discharges, namely thermal
and cool-karstic. Travertine formations associated
with thermal springs usually include limited
faunal and floral remains, probably because of
harsh environmental conditions including high
temperatures and the trace element content of the
water. Compared to the cool-karstic travertines,
most of the present day travertine-forming
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thermal springs exhibit a limited plant and animal
diversity unless they have not been polluted by
chemical species which may provoke life. Due to
the limited number of life forms contained in
them, the thermal spring associated carbonate
deposits are called ‘abiogenic travertines’, while
those formed by cold-karstic waters, containing a
wide variety of faunal and floral species, are
classified as ‘biogenic’(Weijermars et al., 1986).

The distribution of ostracode and algale
species, as well as the climatic and hydrochemical
conditions in three closely located travertine
formations that developed in the Eastern Taurides,
Turkey are described in some detail (Figure 1).

MATERIAL AND METHODS

Ostracode samples were collected mainly from an
unlithified or semi-lithified location along the
Yerkoprii I, I and III creeks running over the
travertine (Figure 2A, B and C). Approximately
10 cm’

These samples were treated with 5% hydrogen

of material was used to extract fossils.

peroxide for 5 hours; then sieved and washed with
distilled water. After drying, the digested residues
were sieved through a set of 1 mm, 0.5 mm and
0.25 mm sieves. Ostracode valves and carapaces
were hand-picked from the residues under

binocular microscope and transferred onto
micropaleontological single slides, where each
individual valve or carapace collected was
attached in a different position (e.g. internal,
external, dorsal, ventral etc.) on the multi-slides.
After taxonomical classification, the valves and
carapaces wereheated over an alcohol flame to
remove impurities so that both the external and
the internal parts could be seen in detail. The

features of the valves and carapaces were studied
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with a Leitz binocular microscope having a 25x or
50x magnification, and some other details (e.g.,
muscle scars, marginal pore canals, hinge area
etc.) were observed with a 150x or higher
magnification. All of the photographs were taken
with a Scanning Electron Microscpe (JEOL, JSM-
5410 Type), having 70 and 140 magnifications
(Plate 1-2).

The hydrochemical data used in this study
were collected via field measurements and
laboratory analysis The
travertine sites were visited both in dry and wet

of water samples.
periods to discover any physical and chemical
variations that may occur in the travertine
depositing waters. Measurements of physical and
chemical variables were carried out at different
locations along the travertine depositing creeks
(Bayar1 et al.,, 1995; Bayar1 2002). The pH
measurements were taken by means of a
calibrated digital pH meter (Table 1). Parallel
measurements of dissolved oxygen, temperature
and electrical conductivity were also made in situ.
The alkalinity of the
determined

water samples was

on-site by means of Gran’s
potentiometric titration method (Appelo and
1992). Water samples collected for

laboratory analysis were filtered through 0.45 pm

Postma,

cellulose-acetate filter when cation samples were
preserved by adding laboratory grade HNOj until
the sample pH lowered to pH< 2. The water
the laboratory
according to the standard methods.

samples were analyzed in
Atomic
absorbtion spectrometric techniques were used in
the analysis of cations, while the chloride and
sulfate were analyzed according to Argentometric
and Barium Chloride spectrometric methods,
respectively. All analyses were checked for
electro-neutrality and found to be within the 5%

error limit (Bayar1 et al., 1995; Bayari, 2002).
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DESCRIPTION OF TRAVERTINE SITES

The The travertines subject to this study are
located along the lower part of the Zamant1 River
Basin in the Eastern Taurides, Turkey (Figure 1).
Interestingly, these travertine deposits form
natural bridges over the stream bed, with an
average height of 15 m. To the authors’
knowledge, the only other travertine formations of
a similar size are in Mandalay, Burma (La
1906; 1986).

Travertines which are currently being formed

Touche, Weijermars et al.,
have been built up as a result of calcite
precipitation from karstic springs discharging
from the facing steep limestone walls of the
stream bed. It is obvious that the travertine
depositions have developed mostly in a horizontal
direction, and since the karstic springs are located
at the facing sides of gorge, the deposits that
developed at each side have joined each other at
some time in the past. Possibly, timbers which
were squeezed in this part of the stream bed
provided a basement for the first evolution of
these bridge-like travertine formations.

Travertine forming springs discharge
groundwater from the regional flow system,
where it had been in contact with the aquifer for a
long period of time and become super-saturated
with the
groundwater with high carbon-dioxide content
(log Pco, = 1077

contact with atmosphere (log Pco, = 1073 atm), in

calcite. Therefore, as soon as

atm) emerges and comes in

which the carbon-dioxide content is substantially
lower, the hydrochemical system equilibrates with
the atmosphere which causes travertine to
precipitate, mostly in the form of calcite and/or
1995;

Because the travertines form

low magnesian calcite (Bayari et al.,
Bayari, 2002).
natural bridges, they have been named Yerkdprii
(Turkish: earthen bridge), and numbered I, II and,



III starting from the one located most upstream.
Yerkoprii I, Yerkoprii II and Yerkopri III
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travertine sites are located at elevations of 750 m,

700 m and 450 m  respectively.
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Figure 1. Location map of the study area.

Sekil 1. Calisma alaninin yer bulduru haritasi.

CLIMATE

The climate in the study area is Mediterranean,
characterized by hot and dry summers and mild
and rainy winters. The climate is mainly affected
by air masses originating from the Mediterranean
Sea and moving inland. The Zamanti River,
which joins the Mediterranean Sea through the
Goksu and Seyhan Rivers about 50 km to the
south, provides an excellent air corridor through
breeze over the
type of

which warm coastal winds
The
precipitation is rainfall, with a long-term average

travertine = sites. dominant
of 800 mm/year. Snow, amounting to several
centimeters, is rare and usually melts within one
day. The mean annual temperature is about 18°C,

whereas typical summer and winter temperatures
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are around 10°C and 25°C, respectively. The
length of daily insolation in summer time is about
14 hours, reducing to 10 hours in winter.
Humidity does not show a substantial variation
during the year and averages 85% during hot
summer days, but humidities may reach 95%;
intensive spring and autumn rainfalls occur
frequently, and these cause overland flows which
bring slope-wash material over the travertine
sites. During the snow melt season, intensive
rainfall over the mountainous part causes huge
flood flows to occur. The Yerkoprii I travertine
site is covered with flood flows for several tens of
hours every 26 to 30 years (Bayar et al., 1995;
Bayari, 2002).
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Table 1. Physical and chemical data from travertine-forming springs (after Bayari, 2002).

Cizelge 1. Traverten olugturan kaynaklara ait fiziksel ve kimyasal veriler (Bayari, 2002 den).

pHF(°C)| ECIDO| Ca| Mg| Na K| Cl] SO4 ALK| TDS| SICc| SIDo|SIGy
Travertine Site

Yerkopri-1  |7.549] 13.8(320.0| 8.5{2.078[0.511{0.749(0.257|1.000]0.369]4.800]479.1|+0.29( -0.05]-1.93
Yerkoprii-2  [7.594] 13.6(335.0] 8.0|2.133|0.527(0.570]0.247(0.740{0.337|4.959|481.3|+0.35|+0.08|-1.96
Yerkoprii-3  [7.670| 15.0(455.0] 7.4]2.838(0.416{1.109]0.060{1.320{0.489|5.370(573.1|+0.58|+0.33|-1.73

Note: Concentrations are in mmol/l unit. DO and TDS are in mg/l. EC is in [JS/cm. DO: Dissolved oxygen; SI:
Saturation index = log (ion activity product / solubility product); Cc: Calcite, Do: Dolomite, Gy: Gypsum

HYDROCHEMISTRY OF TRAVERTINE
FORMING SPRINGS AND CREEKS

The physical and chemical properties (Table 1)

of Kkarstic springs and the streams originating

from them have also been determined (Bayar

and Denizman, 1993; Bayar et al., 1995; Bayari,

2002).

SYSTEMATICS OF OSTRACODA
COMMUNITIES AND PALEO-
ENVIRONMENTAL EVALUATION

Besides
ostracode species also occur in the flowing

many other aquatic environments,

waters from which, usually, the tufas and
travertines are formed as a result of biogenic
and/or inorganic processes (Pedley, 1987, 1990;
and Lord, 1988).
and tufas provide an excellent

Pentecost Furthermore,
travertines
medium in which fossils are well preserved. As
travertine forming waters are supersaturated with

respect to calcite, the hydrochemical conditions
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favor the preservation by preventing secondary
dissolution of valves by acidic waters.

Ten species of Ostracoda belonging to
nine genera have been identified from the
Yerkoprii 11 and Yerkoprii III travertine sites.
Samples from Yerkdprii I were found to be
sterile (Figure 2). All identified Ostracoda are
habitats. The
classifications according to Harthmann and Puri
(1974) and Meisch (2000) are given below:

characteristic of freshwater

Subphylum Crustacea Pennant, 1777
Class Ostracoda Latreille, 1806
Subclass Podocopa Mueller, 1894
Order Podocopida Sars, 1866
Suborder Podocopina, Sars, 1866
Superfamily Cypridoidea s. str. Baird, 1845
Family Candonidae Kaufmann, 1900
Subfamily Candoninae Kaufmann, 1900
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PLATE 1

Figure 1, 2. Limnocythere inopinata (Baird, 1843)
1. Left valve, external view. x120
2. Left valve, internal view. x95

Figure 3-7. Eucyprinotus rostratus (Sywula, 1965)
Left valve, external view. x80

Right valve, external view. x80

Left valve, internal view. x80

Right valve, internal view. x80

Left valve, dorsal view. x80

NoUnhkWw

Figure 8-12. Psychrodromus olivaceus (Brady & Norman, 1889)
8. Left valve, external view. x70
9. Right valve, external view. x75
10. Left valve, internal view. x70
11. Left valve, dorsal view. x80
12. Right valve, internal view. x75
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PLATE 2

Figure 1-4. Psychrodromus sp. 1
1. Left valve, internal view. x120
2. Left valve, external view. x120
3. Right valve, internal view. x120
4. Right valve, external view. x70

Figure 5, 6. Scottia pseudobrowniana Kempf, 1971
5. Right valve, external view. x130
6. Left valve, external view. x120

Figure 7-11. Potamocypris fallax Fox, 1967
7. Right valve, external view. x85
8. Left valve, external view. x85
9. Left valve, dorsal view. x85
10. Left valve, internal view. x120
11. Right valve, internal view. x110

Figure 12. Trajancypris sp. 1
Left valve, external view. x95

Figure 13. Candona neglecta Sars, 1887
Right valve, external view. x95

Figure 14. Heterocypris barbara (Gauthier & Brehm, 1928)
Left valve, external view. x140

Figure 15. Cypridopsis sp. 1
Left valve, external view. x80
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1: Spring, 2: Tree, 3: Slope strike and dip, 4: Travertine blocks in the river bed, 5: Terrace
6: Elevation (according to an arbitrary datum), 7: Streamflow direction, 8: Marsh, 9: Cross-section boundary, 10: Sample location
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6: Elevation (according to an arbitrary datum), 7: Streamflow direction, 8: Marsh, 9: Cross-section boundary, 10: Sample location

Figure 2. Geological and morphological maps of the travertine sites and sample locations. A.
Yerkoprii I travertine sites, B. Yerkoprii II travertine sites

Sekil 2. Traverten alanlarimin jeolojik ve morfolojik haritast ve érnekleme noktalari. A. Yerkoprii 1
traverten alant B. Yerkdprii Il traverten alani

160



Subrecent Ostracoda Associations and the Environmental Conditions of Karstic Travertine Bridges on the Zamanti River, Southern Turkey

pre=
Travertine wall

+10m é =
<
~
A e
@ 8 —n— I ur—)'"‘q
20 9 X = Travertine wall L S0\ P
+30m 3.,-\ 5
1 & 10 —> &
i 1 see mﬁ"n
s T~
28 12 \\\
6 @ 13 @
7 }d); u 4 NOT TO SCAL
an
C 1. Mill, 2: Fossli spring, 3: Active spring, 4: Tree, 5: Siope strike and dip, 8: Travertine blocks in the river bed, 7: Terrace
8. Elevation (according to an arbitrary datum), 9: Sample location, 10: Streamflow direction, 11: Marsh, 12: Fault,

13: Limestone biocks on travertine, 14: Cross-section boundary

Figure 2. (Continued) C. Yerkoprii I travertine sites.

Sekil 2. (Devami) C. Yerkoprii Ill traverten alan

Genus Limnocythere Brady, 1868
Limnocythere inopinata (Baird, 1843)
PLL.1 Figs. 1,2

1843 Limnocythere inopinata Baird, Zoologist
1: 195.

1995 Limnocythere inopinata Baird, Griffiths,
p. 15-17.

2000 Limnocythere inopinata Baird, Meisch, p.
427-432, figs. 175, 176.

2005 Limnocythere inopinata Baird, Scharf et
al., pl. 2, figs. 29, 30.

paleogeographic
Croatia, the Czech
Republic, Denmark, France, Germany, Hungary,
Ireland, Italy, Netherland, Poland, the Slovak

Geographic and

distribution: Austria,
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Republic, Former
Yugoslavia (Serbia) and the United Kingdom
(cf. Meisch, 2000), Belarus (Nagorskaya &
Keyser, 2005), Turkey (Kiilkdylioglu, 2005;
Kiilkoylioglu and Diigel, 2004; Yilmaz and
Kiilkoyliiogu, 2006).

Sweden, Switzerland,

General stratigraphic level: Pleistocene-

Holocene (cf. Meisch, 2000)

Locality and stratigraphic level in this study:
Yerkoprii II, sample number: 28, 25; Yerkoprii
111, sample number: 39, Holocene-Recent.
Family Cyprididae Baird, 1845
Subfamily Eucypridinae Bronshtein, 1947
Genus Trajancypris Martens, 1989
Trajancypris sp. 1

PL2 Fig. 12



Definition: Carapace subclavate in lateral view,
dorsal margin concave, ventral margin convex,
anterior margin well rounded and slightly
dropped to the ventral margin. Posterior margin
narrow, well rounded and slightly dropped to the
ventral margin. Valve surface smooth, muscle
scars, hinge and marginal zone of genus
character. Anterior end slightly beak-shaped in
dorsal view.

Material: 2 valves

Dimensions: Length: 1.3 mm
Width: 0.7 mm

Height:
0.7 mm

Remarks: This species is similar to
Trajancypris clavata (Baird, 1838), but the
posterior margin of the 7. clavata has not

dropped to the ventral margin.

Locality and stratigraphic level in this study:
Yerkoprii II travertine site, sample number: 28,
Holocene.

Genus Eucyprinotus Sywula, 1972
Eucyprinotus rostratus (Sywula, 1965)
Pl.1 Figs. 3-7

1965 Eucyprinotus rostratus Sywula, 647-649,
figs. 1-5.

1992 Eucyprinotus rostratus Sywula, Martens,
Ortal & Meisch, p. 102, fig. 5 A-1

Geographic and paleogeographic
distribution: E. rostratus is known in Poland

and Israel (Martens et al., 1992).

General stratigraphic level:
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Locality and stratigraphic level in this study:
Yerkoprii II (sample number: 32) and Yerkoprii
III (sample number: 40) travertine sites,

Holocene-Recent.
Subfamily Scottiinae Bronshtein, 1947
Genus  Scottia Brady & Norman, 1889
Scottia pseudobrowniana Kempf, 1971

PL.2 Figs. 5,6

1971 Scottia pesudobrowniana Kempf, Eisz.
Gegenw. 22: 45, figs. 1: D-H; 2:A-H.

1975 Scottia pesudobrowniana Kempf, Diebel
& Pietrzeniuk, p. 36, Taf. III, figs.
10,11.

1983 Scottia
Wouters, p. 7, pl. 1, fig. 6.

pesudobrowniana  Kempf,

2000 Scottia pesudobrowniana Kempf, Meisch,
p. 366-369, fig. 153.

Geographic and paleogeographic
distribution: S. pseudobrowniana is known
from Belgium, Croatia, the Czech Republic,
Germany, Hungary, Ireland, Poland, the Slovak
Republic, Sweden and the United Kingdom

recently (Griffiths, 1995; cf. Meisch, 2000).

General stratigraphic level: Pleistocene-

Holocene (cf. Meisch, 2000).

Locality and stratigraphic level in this study:
Yerkoprii II (sample number: 25, 32) and
Yerkoprii I (sample number: 39, 40) travertine
sites, Holocene-Recent.
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Subfamily Herpetocypridinae, Kaufmann,
1900

Genus Psychrodromus Danielopol & Mc
Kenzie, 1977

Psychrodromus olivaceus (Brady & Norman,
1889)

PL.1 Figs. 8-12

1889 Erpetocypris olivacea, Brady & Norman,
Sc. Trans. Roy. Dublin Soc. Ser. 2, 4
(2): 89; pl. 8: 3, 4.

1983 Psychrodromus olivaceus, Brady &
Norman, Wouters, p. 5, pl. 1, fig. 3.

1995 Psychrodromus olivaceus, Brady &
Norman, Griffiths, p. 76.

2000 Psychrodromus olivaceus, Brady &
Norman, Meisch, p. 336-338, fig. 141.

Geographic and paleogeographic
distribution: Belgium, the Czech Republic,
France, Germany, Hungary, Ireland, Italy,
Poland, Spain and the United Kingdom (cf.
Meisch, 2000), (Nagorskaya and
Keyser, 2005). P. olivaceous is also reported
from Slovenia (Griffiths and Brancelj, 1996),
and Turkey (Sari-Karakas and Kiilkoylioglu,
2007).

Belarus

General stratigraphic level: Middle

Pleistocene-Holocene (cf. Meisch, 2000)

Locality and stratigraphic level in this study:
Yerkoprii II (sample number: 28) and Yerkoprii
III (sample number: 40, 41) travertine sites,
Holocene-Recent.
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Psychrodromus sp. 1
PL. 2 Figs. 1-4

Definition: Valves kidney or bean shaped in
lateral view, dorsal margin straight or slightly
concave, ventral margin convex at the center,
anterior margin well rounded and dropped
towards ventral margin, posterior margin well
rounded, marginal zone very thick, hinge,
muscle scars and marginal zone are genus
character, valve surface smooth

Material: 10 valves

Dimensions: Length: 1.0 mm
Width: 0.5 mm

Height:
0.5 mm

Remarks: Psychrodromas sp. 1 differs from
Psychrodromus olivaceous (Brady & Norman,
1889) and Psychrodromus fontinalis (Wolf,
1920) by having a very wide and broad anterior
and posterior margin.

Locality and stratigraphic level in this study:
Yerkoprii II (sample number: 25, 28) and
Yerkoprii 1T (sample number: Z 41) travertine
sites, Holocene-Recent.

Genus Heterocypris Claus, 1893
Heterocypris barbara (Gauthier & Brehm 1928)
PL.2 Fig. 14

1928 Heterocypris barbara Gauthier & Brehm,
Bull. Soc. Hist. Nat. Afr. Nord 19, 114,
pl. 12-13.

1961 Heterocypris barbara Gauthier & Brehm,
Beldescu, Com. Acad. Republ. Pop,
Romine, 11, 8, 939, figs.1-3.



2000 Heterocypris barbara Gauthier & Brehm,
Meisch, Freshwater Ostracoda, s. 352-
353, Fig. 147.

Geographic and paleogeographic
distribution: Widely distributed in the circum
Mediterranean area. Recorded from Hungary,
Germany, Algeria, Tunisia, Morocco, Poland,

Spain, the Czech Republic (cf. Meisch, 2000).

General stratigraphic level: Recent (Meisch,
2000).

Locality and stratigraphic level in this study:
Yerkoprii II (sample number: 28) and Yerkoprii
III (sample number: 41) travertine sites,

Holocene-Recent.

Subfamily Cypridopsinae Kaufmann, 1900
Genus Potamocypris Brady, 1870
Potamocypris fallax (Fox, 1967)

PL.2 Figs. 7-11

1967 Potamocypris fallax Fox, J. Nat. Hist. 4:
555, fig. 5b-d, g.

1984 Potamocypris fallax Fox, Meisch, p. 39-
42, figs. 12,13

1995 Potamocypris fallax Fox, Griffiths, p. 72,
73.

2000 Potamocypris fallax Fox, Meisch, s. 406,
407, fig. 167.

Geographic and paleogeographic
distribution: P. fallax is known from the United
Kingdom, Scotland, Poland, Russia, Germany,
Slovenia and Turkey (Meisch, 1984; cf. Meisch,
2000). Also this species is reported from Spain,
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the Czech Republic, Ireland and Bulgaria
(Griffiths, 1995). The species mosty inhabits
springs and waters flowing from springs.
Besides, fossil specimens of P. fallax have been
recorded from Quaternary (Late and Post
glacial) sediments in Russia and Germany
(Meisch, 1984).

General stratigraphic level: Middle

Pleistocene-Holocene (Meisch, 2000)

Locality and stratigraphic level in this study:
Yerkoprii II (sample number:25, 28) and
Yerkoprii I (sample number: 40, 41) travertine
sites, Holocene-Recent.

ENVIRONMENTAL INTERPRETATION

All ostracode species identified from travertine
samples are benthic, bottom-dwellers. Three of
them (i.e.  Eucyprinotus,  Potamocypris,
Psychrodromus) are mobile and crawl over
substratum. It seems that the ostracode species
in the Yerkoprii travertines lived mostly in the
low-energy parts of the streams where the
thalweg slope is relatively gentle and the flow

velocity is slow compared to the cascading parts.

It can be argued that the existence of similar
species in FEuropean countries (cf. Meisch,
2000), Israel (Martens et al., 1992) and in
Turkey is due to the indirect transportation of
ostracode species by birds migrating between
Europe and Africa (Figure 3, Erdem, 1994,
1995). The region where the studied travertines
are located is at the junction of different bird
migration routes (Figure 3). The migration
routes from Europe, Southern Russia, the Black
Sea and Caucasus cross over at a distance of 40
km to the north of the study area and turn into a
single route which goes to Africa via Egypt
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(Erdem, 1994, 1995). The Sultansazlig1 shallow 1995). Therefore, the travertine sites are
lake which is located 40 km to the northwest of assumed to have been visited by these birds
the travertine sites, is among the major stop-over during migration periods, although no such
sites for the migrating birds (Erdem, 1994, event has been observed during field studies

OTHER MICROFAUNAL AND FLORAL COMMUNITY

" BLACK SEA

IMPORTANT BIRD MIGRATION ROUTES
IN WEST PALEARTIC REGION

N Major concentration
points during migration

Figure 3. Bird Migration routes over Turkey (Evdem, 1994,1995. Autumn migration,).
Sekil 3. Tiirkiye gogmen kuslar: gé¢ yollart (Evdem, 1994,1995. Sonbahar gé¢ii).

165



Algae live mostly and are abundant in all
carbon-dioxide rich terrestrial waters. Many
karstic springs having high carbon-dioxide
contents (over logPcoy = 107 atm) are rich in
algal flora. Most of the algae identified belong to
the classes Cyanophyceae (blue-green algae),
Chlorophyceae (green algae) and
Bacillariophyceae (diatoms). One species, from
the FEuglenophyceae and Xantophyceae classes,
were also identified. Due to the problems which
arose in sample preservation, only four genera
could be identified to species level (Lyngbya
incrustatum, Nostoc verrucosum, Cocceneis
placentula and Meridon circulare). Among the
algae identified in travertine sites, blue-green
algae Oscillatoria sp., N. verrucosum, green
algae Cocceneis

Cladophora sp., diatoms

placentula, Cymbella sp. Diatoma sp.,
Gomphonema sp., Mastoglia sp., M. circulare,
Navicula sp., Xanthophyceae sp., and Vaucheria
sp. (determined by Dr. Haluk Soran) were found
to be very abundant. Most of the algal species
identified in travertine sites are of a filamentous

and siphonaceous morphology.

GENERAL GEOGRAPHICAL
DISTRIBUTION OF OSTRACODE IN THIS
STUDY

The study of three travertine sites located in the
Eastern Taurides, Southern Turkey has revealed
that these sites are inhabited by Ostracoda and
algal species which are also observed in similar
sites elsewhere in the world where similar
environmental conditions prevail. Ten Ostracoda
species of nine genera that have been identified
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from the travertine sites have also been reported
in some European countries and Israel (cf.

Meisch, 2000). Possibly this implies that
these species might have been transported by
migrating birds (Erdem, 1994) which stop over
in aquatic sites distributed along the migration
route.

The climate dominating over the
travertine sites is of a Mediterranean type, and
this mild climate provokes both faunal and floral
life. Due to intensive rainfalls and groundwater

flow, the travertine sites are always kept wet.

Water is mainly supplied to the
springs  which
discharge unpolluted natural water with a

travertine sites via karstic
substantial carbon-dioxide content. Together
with the mild climate, the high carbon-dioxide
content of travertine-forming creeks seems to be
one of the major factors that provoke algal life.
E. rostratus has been previously
reported to exist in Mammila Pool, Israel
(Martens et al., 1992). Potomocypris and related
species are known to inhabit streams and ponds
with alkaline waters having a pH ranging
1990).  The
Potomocypris species are known to inhabit

between  7-9  (Dolermo,
similar environmental conditions in England,
Belgium, Poland, Hungary and France (Griffiths
et al., 1993). Roca and Balton’s (1993) studies of
springs in the Spanish Pyrenees indicated that P.
olivaceous and a species are characterictic of
cool, solute-rich waters. These environments
have also been reported to have no substantial
annual climatic variations. Griffith et al. (1993)
states that P. olivaceous seems to dominate in
the lowlands of South Wales. P. olivaceous is
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also the dominant species in the travertines
investigated. P. olivaceous, Potamocypris fallax
and L. inopinata has been observed by Ozulug
(2005) in some dams in the Istranca Region of
Thrace (NW of Turkey).

It can be argued that the existence of
similar species in European countries and in
Turkey is due to the migration of birds. The area
where the studied travertines are located is at the
junction of different bird migration routes. The
migration routes from Europe, Southern Russia,
the Black Sea and Caucases crosses over the
study area and turn into a single route which
going to Africa via Egypt.
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GENISLETILMIS OZET

Zamanti Irmagi iizerinde yer alan karstik

traverten ¢okellerinde yari giincel ostrakod
toplulugunun  varligi  tespit edilmigtir. 3
familyaya ait 8 cins ile ilgili, 7 bilinen tiir ve
isimlendirmeye agik 3 tatlisu ostrakod taksonu
toplam 10 ayr  takson

olmak  iizere

tammlanmigtir, Saptanan ostrakodlar:
Limnocythere inopinata, Eucyprinotus rostratus,
Scottia
fallax,

Psychodromus  sp.,

Psychodromus olivaceous,

pseudobrowniana, Potomocypris

Candona neglecta,
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Trajancypris sp. Heterocypris barbara ve
Cypridopsis sp. dir). Zamanti Irmag iizerinde
birbirine yakin 3 ayri traverten olusum
noktalarindan derlenen traverten orneklerinden
elde edilen ostrakod faunas: sistematik olarak
tammlanmig ve travertenleri olusturan kaynak
sularin kimyasal ve fiziksel ozellikleri ve diger
flora birlikte

degerlendirilerek ortamsal yoruma gidilmistir.

fauna  ve toplulugu  ile

Ayrmtili  giincel iklimsel ve hidrokimyasal
kosullar ortaya konuldugunda ortamsal sartlarin
ifade buldugu kosullar i¢inde Ostrakoda faunasi
ile diatome (Bacillariophyceae), yesil alg
(Chlorophyceae) ve mavi-yesil alg
flora baskin

durumdadwr. Kaynaktaki yiiksek karbondioksit

(Cyanophyceae) toplulugu
icerigi de ortamda alg toplulugunun gelisimini
desteklemektedir.  Soz alandaki
ostrakodlarin varligi, gerek Avrupa ve gerekse

konusu

Ortadogudaki dagilimi ve yayilhimi goz oniine

alimdiginda, Zamanti Irmagimin  bulundugu

bolgenin Tiirkiye iizerinden gergeklesen ana kus

go¢  yolu
ostrakodlarin bu bolgeye kuslar araciligi ile

tizerinde bulunmast nedeni ile

tasindig diigiincesini getirmektedir.
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