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Resadiye, Golkoy ve Koyulhisar Arasindaki Tersiyer - Kuvaterner
Yash Volkanitlerin Genel Stratigrafik Ozellikleri

STRATIGRAPHIC CHARACTERISTICS OF THE VOLCANIC ROCKS OF TERTIARY - QUATERNARY
AGE IN THE RESADIYE, GOLKOY AND KOYULHISAR REGIONS

Nuri TERZIOGLU, Cumhuriyet Universitesi, Jeoloji Miihendisligi Béliimii, SIVAS.

¢z Resadiyve (Tokat) - Koyulhisar (Sivas) - Aybast - Gilkoy - Mesudiye (Ordu) arasinda yer alan
sahada Tersiyer-Kuvaterner yagh birimler Bayirkéy Volkanitleri, Hasanseyh Formasyonu, Hasandede
Andeziti, Kuyucak Bazalty, Erdembaba, Canik, Ciile ve Yoliistli Volkanitleri olarak awirtlanmastir. Ye-
silce Grubu'na ait Bayirkty Volkanitleri disinda, difier biitiin volkanitler Danisment Grubu iginde ta-
mmlanmis ve boylece yirede, Orta-Ust Liitesiven vashi Baywrkoy Volkanitleri, Ust Liitesiyen-Priyaboniyen
yash Hasanseyh Formasyomu, Orta Miyosen yash Hasandede Andeziti, Ust Miyosen yash Kuyucak Ba-
zalti, Plivosen yasli Erdembaba ve Canik Volkanitleri ile Kuvaterner yash Ciile ve Yoliistii Volkanitleri
ile temsil edilen sekiz volkanik etkinlik saptanmustir. Bunlardan  Bakwrkily  Volkanitlerinin, adayaw
{Pontid)-Kata (Anatolid) c¢arpismasy sonrast mevdana gelen volkanizma iiriinii oldugu, difer volkanik
birimlerin ise Ust Paleosen'den sonra adayayr zelliinl kaybederek kitasal bir kabuga diniisen Pon-
tid'lerde gelisen plaka igi volkanik etkinlikler oldugu kabul edilmistir.

ABSTRACT : The units of Tertiary-Quaternary age, cropping out in the region of Resadive (To-
kat), Koyulhisal (Sivas) and Aybasti, Golkdy and Mesudiye (Ordu), are distinguished as Bavirkiy
Volcanics, Hasansevh Formation, Hasandede Andesite, Kuyucak Basalt, Erdembaba, Canik, Ciile, Yoliis-
tii Volcanics. All the other volcanics, except Bawvirkiy Volcanics of Yesilee Group, are clarified and
named within the Danisment Group. In the studied area, eight volcanics activities have been found out
as Bavirkdy Volcanics (MiddleUpper Lutetian), Hasanseyh Formation (Uupper Lutetian-Priaboniyen),
Hasandede Andesite (Middle Miocene), Kuyucak Basalt (Upper Miocene), Erdembaba and Canik Vol-
camics (Pliocene), Ciile and Yoliistii Volcanics (Ouaternary). Bayirkdy Volcanics from  those are only
the product of volecanism created after the collision of island arc (Pontides) and  continental plate
(Anotolides). The other units of volcanic activity are accepted as withinplate voleanism in Pontides
which ceased to be an island arc and were transformed into continental crust after Upper Paleocene,

GIRiS

fnceleme alam, Dogu Pontidlerin orta kesiminde Calsma alam ve yakin cevresinde ilk jeolojik
ver alwr, Ortailst Liitesiven'de baslayarak wyakmn calismalar Tchihatcheff (1869) ve Blumenthal (1945,
jeolojik gecmise kadar devam eden volkanik etkinlik- 19500 tarafindan baslatilmistir, Daha sonralarn, Al
ler sonucu tiiremis Tersiver-Kuvaterner volkanitler tinhh (1946), Erlntoz (1950), Goksu (19600, Schultze-
ri, inceleme alaminda geniz yayilim -gosterir (Se Westrum (1960, 1962), Atak (19600, Wedding (1963),

kil 1). Afraly (1967}, Kronberg (19%69), Gedikoglu (1970),
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Geological map which shows settling of
the Tertiary - Quaternary volcanites in
the investigated area (Modified from Sey-

men, 1975; Terlemez and Yilmaz, 1980).

Figure 1.
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tlerinin ~ yayilum haritasi {Kismen
Seymen, 1975; Terlemez ve Yilmaz, 1980"
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Pejatovig 1971), Evler (1973), Kalyoncu ve digerleri
(1975), Seymen (1975), Bag (1979), Terlemez ve Yil-
maz (1980) ve Terzioglu (1983) cesitli dlgekte jeolo-
jik harita alim, cevher yataklar
stratigrafi ve petrokimya cabismalan  yapmuslardir,
Bolgenin, ozellikle Tersiyer wash volkanitlerl vazar
tarafindan incelenmistir,

prospelksivonu,

Bu arastirmada volkanik kayaglardan, amacim-
za uygun sistematik Ornekler almmis ve bunfann
birlikte gozlendiffi tip kesit yeri bulunmadifindan
genellestirilmis dikme kesiti verilmistir. Ayrica yazar
tarafindan &nceki cabhsmalarda kullamlan adlama-
lar stratigrafi simflama ve adlama kurallarina (Nor-
man ve digerleri, 1986) uygun olarak veniden diizen-
lenmigtir.

Saha gizlemleri sirasinda, volkanitlerin jeolojik
vapilarla olan iliskileri saptanarak haritaya islenmis-
tir, Harita vapiminda we revizvonunda Gedikogln
(19700, Seymen (1975), Terlemez ve Yilmaz (19280) ta-
rafindan verilmis olan 1/25000 Slgekli jeolodi harita-
larindan genis &lglide faydalamlmmistir, Petrografik
ve jeokimyasal agidan incelenen volkanik kavaclar
gruplandirilarak 1/25000 Glgekli harita fizerine islen-
mistir, Arazi cabsmalarinda herbir volkanik birimi
karakterize eden kayaclar belirlenerek saghklh pet-
rografik ve jeokimyasal incelemelerde lkullamlmak
lizere toplam 600 adet taze Smek derlenmistir,

Inceleml alamnda genis yayilim gosteren Tersi-
yver-Kuvaterner volkanitleri, olusum zamanlan, jeo-
lojik ve petrografik karakterleri giziniinde bulun-
durularak sekiz grupta toplanmistir. Bu gruplar, jeo-
lojik ve petrografik karakterlerindeki farkliliklar-
mmn yamsira jeokimyasal dzelliklerl bakimindan da
farkhliklara sahiptir (Terziofilu, 1984: 1985 a, b, e
1986 a, b).

Inceleme alaninda haritalama, kava-stratigrafi
kurallarina dayandirilomstir, Birimlerin - adlandinl-
masitda daha onceki arastincilarin Gzellikle Terle-
mez ve Yilmaz (1980)'mn verdifi adlar, dnceki aras-
tirmalara giire daha genis alanlarda cahsilarak ve
rilmis ve daha iyl tip kesit verlerinden formasyon
adlamalar1 yapilmig oldufundan bu galismada be
nimsenmis ve bu birimlerin bélgenin volkanolojik
gelisimi ile ilgili olarak uyumlu ve/veya uyumlu ol-
mamas1 durumlarn ele almmastir,. Yapilan stratigra-
fik adlamanin, Seymen (1975) ve Terlemez ve Yil-
maz (1980)'mn farkh adlamalanyla karsilastinilma-
sinda da yarar girillmiistir (Sekil 2).

Arastirma konusu olan volkanitlerin jeclojik ko-
numu ve stratigrafisi bu makalenin kommsnn olustur-

maktadir, Volkanitlerin mineralojik-petrografik  ve
jeokimyasal ozellikleri ise differ makalelerin konu-
sumi  olusturmaktadir,

Inceleme alaminda calisma, Tersiver-Kuvarterner
volkanitlerl iizerine yogunlagtuildifindan daha yash
birimler kisaca tamtilacaktir,

JURA-KRETASE KAYALARI

Calisma alamindaki Tersiver'den daha wyash ka-
yalar, penellikle eski arastirmacilara (Seymen, 1975;
Terlemez ve Yilmaz, 19600 bagh kalinarak haritaya
iglenmis olup bu cabismanm konusunu olusturma-
maktadir, Ozetle, altta yver alan Zinav Kirectas: Ter-
Imez ve Yilmaz (1980) tarafindan adlanmus olup bu
cahgmacilara gire Orta - Ust Jura - Alt Kretase yas
hdir, Seymen (1975)'e gire ise bu birim Ust Jura -
Ust Kretase aralifnnda ctkelmistir, Inceleme alammn-
da Zinav bofazm yamaclarinda, Bereketli giineyinde
ve Biigliriim glineybatisinda  viizevlenmektedir (Se-
kil 1). Bu kiregtaslarn iizerine gelen Mesudive For-
masyonunun adlamas) da Terlemez ve Yilmaz (19300
tarafindan yapilmis olup, bu formasyon aglomera,
bazalt aluntilar, kiregtas:, tiif, tiifit ve grovalk'dan
olugmaktadir, Aymi arastinicilar birimi  Senomani-
yven - Kampaniyen yasmda ve alttaki Zinav Kirectas-
lar ile de wyumsuz oldufuny vurgulamakiadir, Sey-
men 1975)'e gire ise bu sumr vanal ve dilsey gecis-
lidir. Inceleme alanmmda birim en iyi Mesudiye dola-
ymda, Resadive kuzeyinde, Zinav gilii dolayinda ve
Kelkit wvadisi kuzey wyamaclarnda gizlenmis olup
aynl araghineilar tarafindan Tolluk Tif - Kuwmtas:
ve Nebigeyh Kirectas: iiyelerine ayribmistir, Bazi yer-
lerde ise bu iiyeleri ayirtlama olanafh olmadifindan
Mesudiye Formasyonuna «ayirtlanamamiss terimi
eklenmistir. Bu formasyon Seymen (1975)'in Calte-
peleri Grubu igindeki Gikgebel ve Kuzmltepe For
masyonlarina karsihk gelmektedir. Alttaki Mesudi-
ye Formasyonu ile uyumlu fakat Zinav Kirectas: ile
uyumsuz olarak gizlenen ve Maastribtiven wash
olan difer bir birimde Resadive Formasyonu'dur.
Yine Terlemez ve Yilmaz (1980) tarafindan adlanan
bu birim, Bereketli Uyesi ve 1gdir Kirectasi olarak
iki iiyeye aymlmis olup inceleme alaninda Resadiye-
Bereketli arasinda ve Kelkit vadisi kuzey wvamacin-
da genis yayilum gistermektedir, Resadiye Formas-
yonu Seymen (1973)in Caltepeleri  Grubu icindeki
Kapakh ve Kirandaf Formasyonlarma karsibk gel-
mektedir, Calisilan sahada eski arastineilar tarafin-
dan Kampaniven sonras1 - Paleosen fncesi (Terle-
mez ve Yilmaz, 1980) ve Ipresiven ve/veya Ipresiven
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Sekil 2. Kayabirimlerinin karsilastirma  tablosu,

Figure 2. Correlation chart of rock units.
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oncesi (Gedikoglu, 1970) olarak yas verilen diger bir
birim ise siyenitlerdir. Siyenitler, inceleme alamnda
genis yayilmli olarak Topcam cevresinde (Sekil 1)
ve Giillkéy'iin kuzeydofusunda yiizeyler. Bu nedenle
bu birime Topgam siyeniti adi verilmistir. Bu siye-
nitler, Pontid kusafinda dofubatt uzammh olarak
bulunan plutonitlerin batiya dogiru olan uzantilarm
olusturur,

TERSIYER KAYALARI

Gilkiéy Formasyonu

Birim Terlemez ve Yilmaz (1980) tarafindan ad-
lanmus olup, kirectasy, killi tiifli kirectas:, tifit ve
kumtas ardalanmal olup yer ver kimiir arakatkila-
i igerir., Birim altta, Mesudiye ve Resadiyve For-
masyonlarl ile uyumlu olup (Sekil 3) Topcam batr
smda Topgam siyenitleri ile bir uyumsuzluk gbsterir.
Ustte ise Hosen Yash Yesilce Grubunun Selecik Kireg-
tasi Formasyom ve Hatipli Volkanodetritikleri ile,
Tersiyer (Neojen)-Kuvaterner yash Danisment Grubu-
nun Canik Volkanitleri ile de Golkéy giineydogusu
ve giineybatisinda bir wyumsuzluk gistermektedir,
Birim yiizeyledii werlerde 60-100 m'ler arasmnda
degisen bir kalinhga sahiptir, Birimin en yvayvem ol-
dugu yer Gilkiéy dolayi olup, ayrica Topgam bati-
sinda ve Golkdy - Avbasti yolu boyunca yer yer ufak
mostralar halinde yiizeylenmektedir (Sekil 1). Biri-
min yasi, Terlemez ve Yilmaz (1980) tarafindan Pa-
leosen olarak belirlenmistir. Bu formasvon Seymen
(1975)'in Diidenyaylasu Formasyonu ile aym vyasta
olup, olasilikla onun yanal eslenigi olabilir.

Yesgilce Grubu

Selecik Formasvonu, Adlamasi Terlemez ve Yil-
maz (1980) tarafindan Yesilee Formasyonu icinde
Selecik Kiregtasi Uyesi olarak yapilan bu birim, ti-
pik olarak detritik kiregtaglar: ile temsil edilmekte
olup Yesilee Grubu icerisinde Selecik Formasyomu
olarak adlanmigtir. Genelde tek diize bir fasiyes ha-
linde gizlenmekte ise de Gilkéy . Avbasti volunda
ve Bereketll giinyeinde iist diizé}rlerindc kumtas1 ve
tiif arakatlalan igermektedir, Birim, altta Mesudiye,
Resadive ve Gilkéy Formasyonlarn ile bir uwyumsuz
luk gistermektedir, Ustte ise Yesilce Formasyonu-
nun Hatipli Volkanodetritikleri ile uyumludur, Birim
defisken kalinhklara sahip olup Yesilce dolayinda
145 m, Gidlkiy - Aybasti arasinda ise 40-50 m olarak
gizlenir. Bu kirectaslarmin en tipik wiizevlenmeleri-
ne Selecik mahallesi dolayinda, en yaygin olarak da
Yesilee dolayr, Ucyol koyii kuzeyl ve Golkioy - Aybas-

t1 yolu boyunca dik yarlar halinde rastlamlmakta-
dir. Ayrica bu kiregtaglarinmin, batida dzellikle Bere-
ketli glineyinde ufak yiizeylemeler halinde korundu-
gunu gormek  olanakhdwr, Birimin yas:, Seymen
(1975), Terlemez ve Yilmaz (1980) tarafindan Alt
Liitesiven olarak belirlenmistir. Selecik Formasyo-
nunda taban konglomeras: ghzlenmemesine rafmen
bu iive Seymen (1975)in Calyaylasi Formasyomi ve
Pelin (1977)in Otlukbeli Tepesi Formasyonu (Aluc-
ra) ile denestirilebilir.

Hatipli Volkanodetritikleri, Bu birim ince taba-
kali camurtaglar, grovak, volkanik bres, aglomera,
tiifit, yesil renkli orta tabakall andezitik ve dasitik
lav arakatkilan ile temsil edilen bir istif seklinde-
dir, Bu ¢alismada, bu iiyenin egemen kaya tiiriiniin
volkanik bres ile aglomera oldugu  belirlenmistir.
Bresler vulkaniyen tiirdedirler (Fisher, 1960). Cakil
lari lapillerden blok boyuna kadar defisen andezit
ve tiif olup, ¢imentosu stk ve yer yer de gevsek olan,
genellikle gri ve bazan siyaha vakin mor renkli tiil-
lerdir. Bu volkanik bres ve aglomeralar, az belirgin
tabakalanmalidir, Kimi yerde merceksi, kimi yerde
de Orti bigiminde vanal yavilm gistermektedir. Bu
volkanik breglerin icerisinde yer yer gri renkli, ince-
orta tabakali, taneleri kiiciik ve wvolkanik olan kum-
taslar ile, bordoya calan renkli, ince tabakah wve
kumlu kirectas: arakatkilarm izlenmektedir, Birim,
genelde volkanik bres, aglomera ve grovak halinde
tek diize gizlenmekte ise de, Resadiyve - Kecikoy vo-
lu arasinda kumtas:, camurtast ardalanmal; daha
kuzeyde ise Bozcalh ve Isiklar kiwleri arasinda ve
dzellikle Bawirkdy, Mahmudiyve ve Siileymaniye kiy-
leri ybresinde andezitik ve dasitik karakterli lav ara-
katkilamn (Bayirkty Volkanitleri) bakwmindan zen-
gin oldufu gizlenmektedir, Birim, fist diizevlerinde
dzellikle Asarcik ve Karabayir kiyleri dolaylarinda
Hasanseyh platobazaltina ait lav arakatkilan icer
mektedir, Birim altta, Mesudiye kuzeyvinde Mesudi-
ye Formasyonu ile uyumsuz, Yegilee Grubunun Sele-
cik Formasyonu ile Yesilce kurzeyinde ve Golkdy -
Aybasti yolunun giineyinde uyumlu, Topcam sivenit-
leri ile uyumsuzluk gistermektedir, Ust simrinda ise,
Ecsen yash Yesilce Grubunun Hasansevh Formas-
yvonu ile uyumlu, Miyosen®den Kuvaterner's kadar
devam eden karasal karakterdeki volkanik etkinlik-
lerin iiriinii olan Danisment Grubu icindeki Kuyucak
Bazalti, Erdembaba Volkanitleri ve Canik Volkanit-
leri ile uyumsuzdur. Birimin kalmh# yanal olarak
cok defiismekte olup Srnefin Yesilee Kuzeyinde
185 m, Hatipli kuzeyinde 160 m, Asarck ve Karaba-
yir yiresinde 400 m, Gilkdy - Aybast: ¢izgisinin gii-




neyinde ise biiyiikk kalinliklara erismekte olup, 700 -
800 m dolaylanndadir. Birimin en tipik yiizleklerine
Hatipli mahallesinde rastlamlmakta eolup, calisma
alamnin kuzeyinde, ozellikle Yesilce - Gilkiy - Ay-
basti ve Bereketli arasmda kalan kisminda  genis
bir yayilim gdstermektedir. Birimin wasi, Seymen
(1975), Terlemez ve Yilmaz (1980) tarafindan  Alg,
Orta - Ust Liitesiven olarak saptanmistir. Birim,
Seymen (1975)in Kabaklk Formasyonu ve Pelin
(1977yin Findiklibel Formasyom ile denestirilebilir,

Bayirkiy Volkanitlerf, Bu birim, kalhn andezitik
ve dasitik karakterli lavlar ile andezitik karakterli
piroklastik gereclerden olusmustur (Terzioflu, 1984).
Kitlesel goriiniimlii olan andezit ve dasitler porfirik
olup boylan bazan bir santimetreyi gecen feldspat
fenokristalleri ile arazide kolayvca tamnabilirler, Ge-
nellikle yvesiimsi gri, gri renklidifler. Piroklastik kat-
kilar ender olup ancak bazm yerlerde kiiresel ayris-
malar seklinde bozunma gisteren iri plajivoklaz fe-
nokristallerini iceren tiifler halindedir. Birim, Hatip-
li Volkanodetritikleri icinde ver almakta (Sekil 3) ve
Hatipli Volkanodetritikleri ile ardalanma giistermek-
tedir, Genis ylizevlemeler ghsteren bu iive 150 m ik
bir kalinha sahiptir. Inceleme alammm dzellikle
kuzey kKisminda yer alan birim, Golkdy giineybatis:
ile Avbasti'min glineydofusu arasinda ve batida Boz-
gali giineyinde az yayihmli olarak viizeylemektedir.
Birim, icinde ardalama gisterdifi Hatipli Volkano-
detritiklerine gtre Orta - Ust Liitesiven vasmdadir.
Bayirkty Volkanitleri, Pontid kusafinda genis wvayi-
Iim gisteren difer Liitesiyen vagh andezitler ile de-
nestirilebilir {Gedikoglu, 1970; Peccerillo ve Tayvlor,
1976; Pelin, 1977; Tokel, 1977).

Hasangeyh Formasyvomu, Adlamasi Seyvmen (1973)
tarafindan yapilan bu birimin egemen kayatiirii ba-
zalt olup yersel olarakia aglomera ve tiif aratabaka-
lan igermektedir. Bazaltlar, kalip tabakal iri kris-
talli ve siyahimsi vesil renkli platobazaltlarn halin-
dedir (Terzioghu, 1985 a), Inceleme alaminda bol mik-
tarda dayklar halinde de gizlenmektedir. Genel ola-
rak porfirik dokulu olan bu bazaltlar iginde ofjit,
olivin ve plajivoklaz kritalleri bz ile ayirt edilebil-
mektedir. Pircklastik kavaclar olarak gri, bevaz ve
hirmizn renkli tiif ve aglomeralara az vavilimli ola-
rak rastlamlmaktadir. Birim altta, Zinav Kiregiass,
Mesudiye ve Resadiye Formasyonlan ile uyumsue-
dur. Paleosen yash Gilkty Formasyonu ile dogru-
dan bir iliskisi yoktur. Buna karsin Yesilce Grubu-
nun Hatipli Volkanodetritikleri ile wyumluluk giiste-
rir (Sekil 3). Ustte ise, Tersiver (Neojen) - Kuvater-
ner yash Danisment Grubunun Hasandede Andeziti,

TERZIOGLL

Kuyucak Bazalti, Erdembaba ve Canik Volkanitleri
tarafindan uyumsuz olarak Grtiiliir. Yaklassk 600 m
kalinhk gbsteren Hasanseyh Formasyonu, Resadiye
nin kuzeydofusundaki Hasangsevh koyii ile Bereketli
batisinda ve kuzeyvinde, Bozcal: ve Isiklar koyleri
dolayinda genis yayihmh olarak, Yesilce giineyban-
sindaki Karabayir kiyii dolayinda ise arakatkilar
geklinde goelenir. Birimin yasi, aym tipten lavlara,
Orta - Ust Liitesiven yash Hatipli Volkanodetritikle-
rinin &Gzellikle iist diizeyleri icinde arakatkilar sek-
linde rastlanmasi ve yer ver bu birimin iizerinde ver
almasmdan $tiirli, Ust Liitesiyen - Priyaboniven (?)
olarak kabul edilmistir. Birim, Pelin (1977)'in Aluc-
ra bolgesindeki Koltuk Tepe Bazalti ile denestirile.
bilir. Ayrica, Yesilce Grubu'na ait oldufiu ve egemen
kayatiirll olarak aglomera, tiif ve bazalt lav arakatki-
larindan olustuu belirtilen Asarcik Uyesi (Terlemez
ve Yilmaz, 1980), Hasanseyh Formasyonu’nun pirok-
lastik gereclerce zengin olan kismina karsihk geldi-
finden bu cahsmada Hasansevh Formasyonu iginde
ele almmstir,

Danisment Gruba

Grup admi, Grubu clugturan alti formasyondan
ikisinin birlikte gozlenebildigi Resadiye kuzeydogu-
sundaki Danisment kiviinden almaktadir, Birim es-
ki calismalarimizda Erdembaba Formasvonu (Terzi-
oflu, 1933, 1984, 1985 ab.c) olarak adlanmis olup,
ancak daha sonra Erdembaba adlamasi formasyonu
olusturan Erdembaba Volkanitleri icin kullamlmis
oldufundan ve ayrica stratigrafi adlama kurallarina
(Norman ve digerleri, 1986) uygun olmadifindan Er-
dembaba Formasyonu adi, Danisment Grubu olarak
bu yayinda degfistirilmistir. Cesitli tiirde volkanik
kayaglardan olusan formasyon Resadiye kuzeydogu-
su ile Bereketli arasinda Bagdath, Biisiirikm ve Yol-
iisti kbiyleri dolaymmda; Resadiye'nin kurzevdogusun-
dan Koyulhisar'a kadar Kelkit vadisi kuzey yama-
cinda; Mesudive kuzeydofusu, giinevbatisi ve giine-
vinde yer alan Erik, Kuyucak, Konak, Esath, Car-
dakll, Burnaz kdyleri dolay: ile Golkdy - Aybasti vo-
lu giineyinde kalan kesimlerde genis yayilim giiste-
rir, Grubun kalmhif yer ver 300 m ile 1000 m arasin-
da degigir. Grubun fist simnnda, ¢ahsilan saha icin-
de herhangi bir birim gizlenememistir. Altta ise, yer
ver defiisik formasyonlar iistiine uyumsuziukla gel-
difi saptanmms olup, &rnefin Mesudive Formasyonu
lizerinde Alanyurt giineyi, Kizilcatren, Mesudiye gii-
nevi, Esath dofusu ve Yoliistii kuzeyinde, Nebisevh
kiyll dolayinda Afulu tepede; Resadiye Formasvonu
iizerinde, Hasandede tepe, Muratkaya kuzeyi, Car-
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dakl koyii, Sorkun mahallesi kuzeyl ve Bereketli ile
Tashea kil dolaylarinda Cubuk tepe ve Taslepe™-
de; Golkoy Formasvonu iizerinde Golkiy glineyinde;
Yesilee Grubu'nup Selecik  Formasyonu iizerinde,
Alanyurt giineyinde; Hatipli Volkanodetritikleri {ize-
rinde Karahasan batis;, Kuyucak, Derebasi ve Kara-
bayir batisinda ve aym grubun Hasanseyh Formas-
vonu izerinde, Yaprak tepe, Afilvan mahallesi, Ko
nak giineyi ve Isitklar kuzeydofusunda wvumsuz ola-
rak ver alir Saha gozlemlerine gire bu grubuy Or-
ta Mivesen™den Kuvaterner'e kadar devam eden ka-
rasal bir volkanik etkinligin tirinig oldugu séyviensbi-
lir, Grubun formasyonlarmin birlikte géelendigi tip
kesit weri bulunmadifindan bu formasyvonlarn Gzel-
likleri, volkanizmalann karakteri, bolgedeki volka
nik faaliyetin bolgesel tektonik gelisim ile iliskisi ve
bu formasyonlarmn grup igindeki dizilimleri dikka-
te almarak dikme kesiti elde edilmistir (Sekil 3).
Bu grup bam ayrintilar ve defisiklikler disinda Sey-
men (1975)"in Yoliistii Formasyonu, Terlemez ve Yil-
maz (198001 Canik Formasyonu, Erdembaba Ba-
zaltlarmm ve Yoliistii Bazalt: ile denestirilebilir.

Hasandede Andeziti, Yazar larafindan adlamas:
vapilan bu birim gri, siyahims1 gri renkli ve kitlesel
olup tek diize bir giriiniime sahiptir  (Terzioglu,
1985 b) ve kilgiik domlar halinde gizlenir. Hasande-
de Andeziti, altta Resadiye Formasvonu ile Gilkiy
Formasyonu iizerinde wyumsuzdur, Birim avrica, alt-
Ust Liitesiyen - Privaboni-
yen (7} vash Hasansevh Formasyonu ile de uyum-
suzlule gBstermektedir. Ustte ise, Tersiver (Neojen) -
Kuvaterner yash Danisment Grubuna ait Kuvater-
ner vash Yoliistii Volkanitleri tarafindan uwyumsuz
olarak Srtiilir. Yaklasik 100 m bir kalimhia sahip
olan birim Resadive kuzeyi ve kuzeydofusu ile Be-
reketli arasinda kalan sahada kiigitklii bityiiklii bir
birinden bafimsiz pliskiirme merkezleri halinde giz-
lenmektedir. Difer birimlerle olan iliskisine gire bi-
rimin vas1 tarafmmzdan Orta Mivosen olabilecefi dii-
stinfilmiistiir,

ta Yesilce Grubu'nun

Kuyvucak Bazalti Yazar tarafindan adlamas va-
pulan bu birim, kahn tabakal, gizenekli bademsi
vapih siyah, sivahimsi gri, yer ver de pembemsi
renkli barzaltlardan olusmustur (Terzioglu, 1985 c)
Baz1 yerlerde siitunsal eklemlesmeler de gistermek-
tedir, Birim, altta st Kretase vash Mesudive ve Re-
sadive Formasyonu ile Eosen wvash Yesilee Grubu™
mup Orta . Ust Liitesiven wasli Hatipli Volkanodetri-
tikleri ve st Liitesiven . Privaboniyen (?) yash Ha-
sanseyh Formasyonu iizerinde  wyumsuzdur, Ustie
ise, Tersiyer (Neojen) - Kuvaterner wvash Danisment

TERZIOGLU

Grubu'nun Pliyosen vashi Erdembaba  Volkanitleri
tarafindan uyumsuz olarak &rtiiliic (Sekil 4). Daha
kuzeyde bulunap Plivosen yash Canik Volkanitleri-
nin ise Kuyucak Bazalh ile dofrudan bir iliskisi
yoktur, Yaklagtk 200 m lik bir kalinlifa sahip olan
Kuyucak Bazalt:, Mesudive kuzeybatisindaki Erik,
Kuyucak, Konak, Yafsivan kiyleri ile Mesudive ba-
tisindaki Esath ve Cardakh kévleri civarinda yiizey-
lemektedir. Difer birlmlerle olan iliskisine gire bi-
rimin vasit Ust Mivosen olarak belirlenmistir, Birim,
Terlemez ve Yilmaz (1980) tarafindan belirtilen Er-
dembaba Bazaltlarimn Teb, bazaltina karsihk gel
mektedir.

Erdembaba Velkanitleri, Onceki  calismalarda
Erdembaba Bazaltlari (Terlemez ve Yilmaz, 1930)
olarak adlanan bu birim, vazar tarafindan Erdemba-
ba Volkanitleri olarak adlanmistir, Sivahimsi gri, be-
yazims: gri, pembe ve kizmhms: kahverengi arasinda
deffisen renkler gisteren andezitik lav akintilan ve
artiileri seklinde gizlenen Erdembaba Volkanitleri-
nin, petrografik incelemeler sonucy Terlemez ve Yil-
maz (1980 belirttigi gibi bazaltik bilesimli olma-
vip chyalodasits bilesimli lavlar olduklar saptan-
mugtir (Terzioflu, 1986 a), Resadive kuzevdofusunda
bu birime ait dayklara da sikca rastlamlmaktadir.
Birim, altta Ust Kretase vash Mesudive ve Resadive
Formasyonlar: ile Eosen wash Yesilce
Hasansevh Formasyvonu we Tersiver (Meojen) - Ku-
vaterner yvash Danisment Grubu'nun Ust Mivosen
yaslhi Kuyucak Bazalt: {izerinde uyumsuz olarak giz-
lenmektedir, Birim, iistte ise, Danisment Grobu'nun
Kuvaterner yash Ciile Volkanitleri tarafindan uyum-
suz olarak Setiiliir. Yaklasik 300 m kahnhk gisteren
birim Kelkit vadisi kurey kisminda, Resadiye'nin ku-
zeydogusundan Koyulhisara kadar olan alanda ge-
nis vavilun gistermektedir, Birimin yasi, inceleme
alamndaki diger birimlerle olan iliskisine giire Pli-
vosen olarak kabul edilmistir.

Grubu*nun

Camik Volkanitleri. Onceki cahismalarda Canik
Bazalt: (Terlemez ve Yilmaz, 1980) olarak adlanan
bu birim, bazalt disinda andezitik kayaclan da icer-
difinden yazar tarafindan (Terziofilu, 1986 b} Canik
Volkanitleri olarak adlandirnlmastir. Birim, inceleme
alam ve yakin cevresinde topografik olarak {ist se-
viveleri teskil etmekte ve tablamsit morfolojileri ile
dikkati cekmektedir, Sivah ve sivalims: vesil renkli
olip genellikle genis yayilimh, kalin tabakal bazal-
tik lav akintilar ile cok sayida bazaltik dayklar ha-
linde gbzlenmektedir. Piroklastik gerecler yok dene-
cek kadar azdir. Dayvklar halinde gizlenen ve mak-
roskopik olarak bazalt giriniimiinde olan cok az sa-
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yidaki kayag Srnefinin mikroskopik incelenmeleri,
bunlarin andezit olarak isimlendirilmesi gerefini or-
taya cukarmmstir. Canik Volkanitleri, tabaninda yer
alan Ust Kretase yash Mesudiye Formasyonu ile Fa-
leosen yash Golkéy Formasyonu ve Eosen yash Ye
silce Grubumun Selecik Formasyonu, Hatipli Vol
kanodetritikleri ve Hasansevh Formasyonu iizerinde
uywmsuz olarak ver almaktadir. Birimin, giiney ke
siminde yer alan Ust Miyosen yash Kuyucak Bazalti
ile dogrudan bir iliskisi gozlenememistir. Ustte ise,
dokunakta oldugu bir birim  gizlenememektedir,
Yaklasik 45¢ m bir Kalmhfa sahip olan Canik Vol
kanitleri, Gilkély - Aybasti hattimin giineyindeki Ca-
nik daglarinda, Golkéy giineyinde, Yesgilce kuzeyin-
deki Orta tepe ve dolavinda, Avbasti glineybatisinda
Persembe vayla dolayinda ve aynca Isiklar, Bozga-
li, Hehiillii ve Kuwyucak kiyleri kuzeyinde genis ya-
vilimli olarak gizlenmektedir, Inceleme alaminda di-
fer birimlerle olan iliskisine gére bagil olarak bu
birimi olugturan volkanik faaliyetin Pliyosende mey-
danp gelmis olmast beklenir,

Ciile Volkanitleri. Adlamas1 vazar tarafindan va-
pilan bu birim, sosonitik karakterli bazaltik laviar
ile temsil edilmektedir. Bél gizenekli, acik gri
renkli olup, piroklastik gerecler az yayilimhdir, in-
celeme alaninda domsal bir vam gbsteren Clile Vol
kanitlerl tek diize bir girdiniime sahiptir. Birim alt-
ta, Ust Kretase yash Mesudive Formasyoru — ve
Tersiyer (Neojen) - Kuvaterner yasli Danisment Gru-
bu'nun Pliyosen wash Erdembaba Volkanitleri ile
uyumsuz olup, iist simrnda ise dokunakta oldugu
bir birim inceleme alanmda gizlenememektedir. Bi-
rim, inceleme alanmip batsmda yiizeyleyen Yoliis-
tii Volkanitleri ile esdefer stratigrafik konumda bu-
hunmaktadir, Kahnhfi yer ver deffisen ve 60 m ile
200 m arasinda kalinhklar gisteren birim, Mesudiye™
nin giiney kesiminde yver alan Ciftliksarica ile Dayi-
li, Burnaz wve Ciiledag vaylasmnda genis bir yawilim
gostermektedir, Stratigrafik konuma gbre Ciille Vol
kanitlerinin Kuvaterner yvasinda olabilecefi varsayl-
mgtir,

Yoliistii Volkanitlerl, Yazar tarafindan adlamasi
yvapilanp bu birim, gri renkli, bol gizenekli sosonitik
karakterli bazalt ve andezittk lavlarla temsil edil-
mektedir, Birim icinde yer yer urgans: lavlara ve
dayklara da rastlamlmaktiadir, Birim alt siurinda,
st Kretase vashh Mesudive ve Resadive Formasyon-
lar ile Tersiver (Meojen) . Kuvatermer vash Danis-
ment Grubu'nun Orta Miyosen vagh Hasandede An-
deziti ile dokunaktadir ve arada zaman boshufu bu-
limmaktadir, Ust smunnda ise, dokunakta oldugu

bir birim gizlenememektedir, Yolistll Volkanitleri,
Clile Volkanitleri ile egdegier bir stratigrafik konum-
da bulunmaktadir, Birim yaklasik 100 m bir kalnh-
fa sahip olup, Yoliistii kéyii dolay: ile Resadiye'nin
kuzeybatisinda Bagdath ve Biistiriim dofusunda ver-
sel ve az yayihmh olarak viizevlemektedir, Inceleme
alanindaki konumlar birimin Kuvaterner yash ola-
bilecedini ve yine lavlarin yer yer geng vadi tabanla-
rina da akmis olmasi, bu volkanizmamn Hoelosen'de
de faalivet gostermis olabilecefi kamsim uyandir-
maktadir, Bu formasyon daha dnee definildigi gibi,
tnceki cabismalardan Seymen (1975Vin Yoliistii For-
masyonu'nun Yoliistli k&yil dolayinda viizeylenen bir
biliimiine karsilik gelmektedir.

Yukanda tammmlamalann wverilen Tersiver (Neo-
jen) - Kuvaterner yash volkanitlerde yapilan petro-
grafik ve jeckimyasal arastirmalar sonucunda, Alt
Kretase'de olusmaya baslayan ve Ust Kretase bo-
vunca olgunlasan Pontid adayayr  volkanizmasimn
final evresini belirleyen Bayirkily Volkanitleri digin-
da diger volkanitlerin, Ust Paleosen’den sonra Ana-
dolu kitasy ile Pontid adayay:r carpismas) sonrasi
adavayr &zelligini kavbederek kalinlasmaya baslayan
ve dolayisi ile kitasal bir kabuga déniisen Pontid'ler-
de (Terzioglu,1985 a) gelisen tipik plaka ici volka-
nizma {iriinleri oldugu belirlenmistir.

SONUCLAR

Resadive - Aybasti . Giolkdy - Mesudive ve Ko
yulhisar arasinda yvapilan bu calisma ile elde edilen
sonuglar su sekilde &zetlenehilir.

1. Inceleme alammnm 1/25.000 &lcekli jeoloji ha-
ritas;, daha onceki arastinicilar tarafindan verilmis
olan haritalardan da faydalamlarak yeniden yapilmig
ve Tersiver - Kuvaterner vas konagimnda sckiz adet
volkanizma evresi saptanmugtir.

2. Inceleme alamindaki wvolkanik etkinliklerin
iiriinleri sirasivla Orta — Ust Liltesiven yash Bawvir-
kijly Volkanitleri, Ust Liitesiven _ Privaboniven (?)
vash Hasansevh Formasyonu, Orta Miyosen yash
Hasandede Andeziti (st Miyosen yash Kuyucak Ba-
zaltt, Plivosen wash Erdembaba ve Canik Volkanit-
leri #le Kuvaterner yash Ciile ve Yoliistii Volkanitle
ri olarak belirlenmis ve tammmlamalar yapilmistir,

3. Tersiver (Neojen) _ Kuvaterner yash birimle-
ri olusturan Hasandede Andeziti, Kuyucak Bazalii,
Erdembaba, Canik, Ciile ve Yoliistii Volkanitleri,
Danisment Grubu olarak adlannustir.



13

4. iInceleme alammnda eski arastirieilar tarafin-
dan yapilan litostratigrafik adlamalar denestirilmis
(Sekil 2} ve bazi defisimler Snerilmistir,

5. Inceleme alaminda yayihm gésteren volkanit-
lerden Bayirkdy Volkanitlerinin, adayayr (Pontid) -
kita (Anatolid) carpismasi somrasi meydana gelen
volkanizma {iring oldugu, difer volkanik birimlerin
ise Ust Paleosen'den sonra adayay: dzelliini  kay-
bederek kitasal kabufa doniisen Pontid’lerde gelisen
plaka ici volkanik etkinlikler oldufu saptanmistir,
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Esil (Erzincan) ile Karliova (Bingol) arasinda Kuzey Anadolu

Fay Zonu'nun sistematigi

THE SYSTEMATICS OF THE NORTH ANATOLIAN FAULT ZONE BETWEEN ESIL (ERZINCAN) AND
KARLIOVA (BINGOL),

Salih Zeki TUTKUN, Cumhuriyet Universitesi, Jeoloji Mithendislizi Balimii, SIVAS,

0Z : Kurey Anadolu Fay, Kuzey Anadolu'da Karadeniz Daglarm boyunca Saros Kirfezinden Karhova
dofusuna kadar 1200 km uzanan, morfolojik olarak belirgin ve sismik olarak aktf, saf yonlii dofrultu
atimh bir fay zonudur,

Bu caligmanm amac:, iki gurup seklinde Esil (Erzincan) ile Karhova (Bingl) arasmnda Kuzey
Anadolu Fay Zonunda ver alan faylarin sistematifine 1:k tutmaektader,

Kuzey Anadolu Fay Zonu'nma kosut olan birincl gurup faylar, ¢alisma alammnin batismdan dofusuna
dofiru Horibaba Fayl, Kiilli Fayi, Esilbaba Fawi, Asaficirik Fayi, Gaboran Fayi, Avanoglun Fay, Ka-
rapolat Fayi, Kmiktepe Fayi, Yedisu Fawi, Licik Fayi, Kagsikct Fayi, Catak Fayi, Kazan Fayr, Halittepe
Fay:, Horhor Fayi, Bazotepe Fayl, Yaylaard: Fawi adlan altinda incelenmistiv. Bu favlann tiimii dog.
rultu atimli sag yonlii niteliktedir,

Cahsma alamnda Kuzey Anadolu Fay Zonu'nup  dofrultusa Esil ile Elmal arasmnda K700B, Elmal
ile Kmmlcubuk arasmda DB, Kizlgubuk ile Karliova arasinda ise K3%B dir,

Batida genisligi 57 km olan fay zomu, dopuda kollara aynlarsk genislifi Karliova  yakinlarninda
2025 lum ye varir.

Kuzey Anadolu Fay Zonuw'mu waklasik K45°D dogrultusuyla enine kesen faylarin bashcalari, Mozi Fa-
¥, Peri Fayl, Yoncalit Fay, Baluca Fayi ve Zabik Favidir,

Euzey Anadolu Fay Zomu'nun vasi Ust MivosenPlivosen (?) den daha genctir,
Fay Zonundaki sehirler ve kévler bilyitk bir deprem wve heyelan riski altindadir.

ABSTRACT : The MNorfth Anatolian Fault, is a morphologically distinet and seismically active, right
laternal strikeselip fault zone which extends for about 1200 km from the Gulf of Saros to the east
of Karliova along the Black Sea Mountains in the North Anatolia.

The aim of this study attempts to enlighten the systematics of the faults in the North Anatolian
Fault Zone between Esil (Erzincan) and Karhova (Bingél) in two groups.

The first group of faults parallel to the North Anaiolian Fault Zone, have been studied under the
names of Horibaba Fault, Kiilli Fault, Esilbaba Fault, Asafigirik Fault, Gaboren Fault, Avanoglu
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Fault, Karapolat Fault, Kinktepe Fault, Yedisu Fault, Licik Fault, Kasikgl Fault Catak Faﬁit, Karan Fault,
Halittepe Fault, Horhor Fault, Bazotepe Fault, Yavlaard: Fault from the west to the east of the study
area. All of these faults are right lateral strike-slip in nature,

The strike of the North Anatclian Fault Zonc in the study area lies NT0PW in between Esil and
Elmali, E-W in between Elmah and Kizilgubuk and N35°W in between Kizloubuk and Karhowva.

The fault zone thal is 57 km in width in the west branches out in the east becoming 20025 km

wide near Karhova,

The second group of faults crossing the North Amatolian Fault Zone diagonally are mainly Mozi
Fault, Peri Fault, Yoncalik Fault, Baluca Fault and Zabik Fault, with an approximate strike of N43°E.

The age of the North Anatolian Fault is vounger than Upper Miocene-Pliocene (7).

The cities and villages in the fault zone are under a great risk of both earthguake and landslide.

Giris

Tiirkive'nin jeclojik-tektonik yapis: iizerinde cok
dnemli rol oynayan Kurzey Anadolu Fay Zomu, bu
dizellifinden dolay1 villardan beri yerli, yabanci bir-
¢ok verbilimcinin dikkatini gekmis ve bu konuda ce-
sitli arastirmalar yaplmistir.

Bu calismalar arasinda Blumenthal (1948), Ab-
diisselamolu (19593, Pavoni (1961}, Camtez (1962,
1969, 1973), Ergin (19%66), Tokay (1973}, Tatar (1973,
1975, 1978), Ataman ve digerleri 1973), Oztiivk (1976,
Bergougnan (1976), Sengtr (1980), Sengir ve Yil-
maz (1981}, Bektas (1981), Yilmaz ve digerleri (1981),
Tutkun ve Inan (1982), Koyeifit (1983, 1984), Oztiirk
ve diferleri (1984, 19835), Saroflu (1983) savilabilir,

Bu galisma ise, Kurey Anadolu Fay  Zonunun
Esil (Erzincan) ile Karlhiova (Bingil) arasinda kalan
ve bugiine kadar arastiriimamis olan kesiminin fay-
larim1 ve bu faylara bagh olarak gelismis morfolojik
yapilart sistematik bir gekilde aydinlatmay1 amagla-
maktadir Aym sahamn tekionostiratigrafisi konusun-
da bir cabsma halen yirlitiilmekte clup, ileride ya-
yinlanmas1 diistiniilmektedir,

Bu kesimde Kuzev Anadolu Fay Zonu batida
Erzincan Sansa bofazindan cikar, calisma alanini
tamamen katederek dofuda Dofu Anadeolu Fay Zo-
mu ile Karhova dogusunda karsilasir.

Bu calisma kapsam iginde yukardaki amaca uy-
gun oiarsk Kuzey Anadolu Fay Zonu {izerinde yak-
lagik 100 km*lik bir vzanmmda bir bélgenin 1/25.000
olgekli haritasi yapilmig (Sekil 1) ve haritaya cahs-
ma alamndaki tilm faylar, sicak, sofuk ve kaynakla-
11, alitvyon komileri, hevelanlar, aliivyonlar ve fay-

lara baghh olarak gelisen travertenlerle, giller isa-
retlenmistir, Ancak basim sorunlari nedeniyle kiigiil-
tiillmek zorvnda kalman harita da bu yapilann bir
kistmi gisterilememistir.  Haritas: sunulan sahada
Kuzey Anadolu Fay Zonuna bagh olarak gelisen fay-
lar dnce arazide ¢izilmis, daha sonra hava fotograt.
larivla denestirilmis, en son olarak da bir kez daha
tamarm arazide denetlenmistir (Sekil 9).

CALISMA ALANININ GENEL STRATIGRAFISH

Calsma alaminda genls bir alanda Anadolu Napt
(Ali Kocyigit ile stizlii giriisme) adi verilen ofivolit-
li karnmk yiizeylemektedir. Ayrica Ust Kretase yash
flis kavalan (Seytandafy formasyonu) (1), Eo-
£ n vaslh calaltast - kumtas1 - kiltas: - kiregtagla-
rndan olusan Asafkayik formasyonu (1), Mivosen
vash denizel kiregtaslarindan olusan Darabi formas-
vonu (1), Ust Mivosen-Plivosen? vasli andezit, ba.
zalt, tiif ve aglomeralardan olusan volkanik kayalar
{Karlwwva volkanitleri)), (Sarogln, 1983) Plivosen vas
It serbest cakillardan olusan Kiimbet formasyonu (1)
ve Kuvaterner yash alilvyonlarla travertenler yiizey-
lemektedir (Sekil 2),

KUZEY ANADOLU FAY ZONU

Kuzey Ansdolu Fayr deningce usunlugy yaklasik
1200 km'yi asan tek bir fay degll batida Marmara
denizinden baslayip dofuda Van gbliilne kadar uza-
nan aynl dofrultula dofrultu atimh saf vonli fay-
lar topluluffy kastedilir (Ketin, 1976). Yaklamik D-B
dogrultulu bu laylar ve bunlar verev olarak kesen

{1} Bu adlamalar, resmi olmayvan adlamalardr.
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Sekil 1, Kuzey Amnadolu Fay Zonu iginde cahisma
alamimin konurma,

ED-GB dogrultulu faylar gozoniine alinarak bu zona
Kuzey Anadolu Fay Zonu denilmistir. Bu zonun ge-
nigligi ver ver 15.20 km'yi bulmaktadir (Tokay, 1973},

Kuzey Anadolu Fayimn dofrultu atimh sag von-
lii bir fay oldufu ilk kez 1939 Erzincan, 1942 Erbaa,
1943 Ladik-Kargm wve 1944 Bolu depremlerini izleyen
villardaki calismalarla ortaya cikanlmistir (Ketin,
1949),

Calisma alaninda fay zonu boyunca dofruliu
atimli saff yinlii faylammanmin belirteci olabilecek,
dar, diizgiin, vzun vadiler, Gtelenmeye uframis dere

vataklar:, uzamis tepeler, kesilen katmanlarda du-

Figure 1. Location of the study area within  ithe
MNorth Anatolian Fault Fone,

rum degfisiklikleri, sicak, sofuk su kaynaklari, ban
kiigitk giiller ve batakliklar, fay bresi, ezik rzonlar,
sayisiz irili ufakh heyelanlar, travertenler ve fayla-
rin kestigi bam formasyonlarda  &telenmeler gibi

morfolojik ve jeolojik vaplar gizlenmistir.

KUZEY ANADOLU FAY ZONUNUN CALISMA
ALANINDAKI SISTEMATIGI

Yukanda da definildifi gibi fay zonu, c¢ahsma
alamimn batisinda Sansa Bogazmdan gelir, Yedisu
{Cerme) ovasinda genigleyerek aym dofrultuda de-
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vam eder, lleride sahanin glineydofusunda catalla-
mir. Kuzeydeki ana kol Aktas cayim izleyerek D-B
dogrultusunda EKizmlgubuk Kéviine  kadar devam
eder, Kizlgubuk ile Karliova kuzeyinde tekrar dog-
rultu defistirerek cabisma alamm terkeder.

Bu zon iginde ayrica Fay zonunu wverev olarak
kesen yaklasik KD-GB dofrultulu faylar da bulunur,

Asafida bu faylarin en biiyitk olanlar batidan
dofuya dofru iki biiviik grup altinda incelenecektir.

I. Kurey Anadolu Fay Zonuna Kosut Faylar

Horibaba Fay1 : Calisma alaninin kuzeydogusun-
da Kiillii Tepeden baslayarak dofuva dogiru K68oB
dofrultulu olarak Orman Tepe ve Horibaba Tepe
giineyinden gecerek Korsolar Kiviinde son bulur,
Fay zoou boyunca dogirultu atimu gosterebilecek bir
verive rastlanmamistir, Fay giineye 700-800 ile efim-
lidir. Fayin ¢alisma alam igindeki uzammi 7 km'dir.

Kiiilii Fayr : Bu fay doguda Elmalikomunda bas-
lar, Elmal: Dereyi denetleyerek K78D dogrultusun-
da Kiillii Kdvii giineyine kadar devam eder. Burada
dogrultu defistiren fay, K55°D dogrultusuyla Kiillii
Deresi giineyinde Kustepe kuzevinden Yayla Tepeve
kadar devam eder. Fay biitiin uzamm boyunca ku
zeye T0o800 effimlidir. Cahsma alanindaki uzanimi
8 km'dir.

Esllbaba Fay1 : Bu fay Gaboran Kéyiiniin 750 m
kuzeyinde Kustepe giineyinden baslar, Dedvan Tepe
ve Giimiislii Tepe giinevinden gecerek son bulur, Fa-
yin gabsma alamindaki dogrultusu  batt kesimde
K7FD, dofuya dogru yaklagik D-B'dir. Giineye 73
ile efimli olan bu fay baz kesimlerde dereleri bir-
kag on metre sag yinlii olarak Gtelemistir. Calisma
alanmmdaki wzamma 10 km'dir.

Agafcirik Fayr : Calisma alammin kuzevbatisin-
da Yenikéiy glineyinden baslayan fay K35°B dofirul-
tusuyla 2 km devam ettikten sonra K7PB dofrultu-
suyla yin defigtirerek Asagicirik mahallesinde son
bulur. Fayip calisma alanmdaki effimi 700750 giine-

ve clup, uzanum 0.5 hm'dir.

CGaboran Fayl : Calisma alammin dofusunda San-
sa Bogaz glineyinden baslayan fay, K68'B dogrultu
su ile glineydofuya uzamr, Gaboran Kivii, kureyin-
den gegerek, Bafir Dere, Femn Kovii, Fem Cay bo-
yunca devam eder. Yedisu ovasinin giinevinde Miko
Mezras), Arneskosmiirii, Giizgiili, Zirzanos, Senkay,
Dinarbey, Paltéken ve Barkag Tepe giineyinden ge
cerek Mamemehsi Tepede son bulur., Fayin calisma
alam iginde egimi 75°.80° kuzeye olup, 70 km uzamm
gisterir,

Fay zonunun uzammi bovunca bilyiik dereleri
denetlemesi tavan blokta gok sayida uzamis tepeler,
kiigiik goller ve batakhklar, su kaynaklar, cok saye
daki heyelanlar ve kestifi kiiciik derelerdeki sag
yonlii dtelemeler fayin belirteci olarak giriillmekte.
dir, Bu fay calisma alamnda Kurey Anadolu Fay Zo-
nunun en biiyiikk gliney kolunu olusturmaktachr,

Korsolar Kiyiinden Zeynel Simsek (1929)up ifa-
mesine gire; 1939 depreminde hasarin ve &lii savisi-
min az oldugu, 1966 depreminde ise Sampasa, Kara.
derbent, Kabayel (Femk&y), Derindere ve Karagdl
kivlerinin tamamen yikildig 100 civarinda 6lii olduo-
#u, yaklasik K-G dogrultulu 510 cm aralia sahip
catlaklarin gizlendigi belirtilmistir,

Gaboran kiyiinden Ali Sonmez (1943) ve Nusret
Korkmaz (1929) tarafmdan 1939 depremi sirasinda
Bagar Derenin giiney kenarinda kayma olmadij, ku

zeyde dereye paralel yariklar oldufu, varklarm ge-
nislifinin 550 cm. arasinda defistifi, giiney blokun
kuzey bloka oranla 10 cm - 1 m kadar agag diistiigi
belirtilmistir.

Yukaridaki bilgiler gz Oniine abndifinda 1939,
19539, 1966 depremlerinde -aktif-hareketin eski [avlan
izledifi sonucuna varilabilir. Giiniimiizde de b fay
iizerinde bulunan biitiin kéylerin verlestikleri yerler
ve yapr tarz gozbniine almdiinda her an deprem
tehditi alfinda bulunduklanrn wve siirckli- hevelan. 1eh-
likesi ile karsy karsiva olduklan gozlenmistic,

Caberan Fayi'min cahsma alamnmin  giineydogu-

sunda st Mivosen - Pliyosen () vasli Karlova vol-
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kanitlerini kesiyor olmasi, vasimun en azindan st
Miyosen _ Plivosen (?)'den daha geng oldufunu gis-
termektedir,

Gaboran Koyii'niin 6 km dogusunda, fayin Mi-
yosen vash kiregtaglarindan olusan Darabi formasyo-
munu keserek 500600 m. lik saf yinlii atim olustur
dugu pizlenmistir (Sekil 3 ve 4).

A.Cirik M,

o
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Sekil 3. Asafcivik giineyinde Gaboranp fayimn ha.
ritasi (Kct): Mivosen kirectas,

Figure 3. The map of Gaboran Fault in south of
Asaicirik. (Kc¢t): Miocene limestone,

Ayanogli Fayi1 : Cahsma alanminda Karamusan
Mahallesinden baglayan fay, Gelinpertek kuzeyi, Gol
Mah. ve Ayanoglu Kéyiinden gecerek K60°B dogrul-
tusuyla Eskibalta, Karapolat Eiylerinde Yedisu
Ovasmmin kuzey smirim olugturur ve Melikan giine-
yinde aliivyona girer, Cabsma alamndaki uzamm
15 km olan fayin efimi 70.75¢ glineyedir, Bu fayin
dzellikle Gl Mah. ve Ayanoglu kesimlerinde giiney
bloku tamamen heyelanhidir, Fay Zonu boyunca kii-

giik goller, uzamig tepeler ve kiigiik derelerde sag
yinlii dtelenmeler saptanmmistir.

Karapolat Fay1 : Batida Kirecdere ve Bardako
Mahallelerinden gegen fay 5 km lik uzammdan son-

TUTKUN

ra Yedisu Ovasma girer. Perl Cayi'nin kuzeyini de-
netleyerek K6FB dofrultusunda Elmalb'dan gece
rek Dinarbey Koyii kuzeyinde son bulur, Calisma
alammndaki efiimi 70¢-75 G olup, toplam iizanimi 25
km dir,

Kimktepe Fayi : Cabsma alamiin ortalarmda
Gilizgiilii Koyli'niin giineyinden baslayan fay, K70-B
dorultusunda Zirzanos Koyil, Kink Tepe ve Senkoy
giineyinden gecerek giinevdofuya dofiru uzamir, Ca-
hsma alanmda & km lik uzanmm olan fay, giineve
750 efiimli olup kestiffi derelerde 350400 m lik sag
yonli oStelenmeler meydana getirmistir (Sekil 5).

GERME | Yedisu)

ukarimozi

Sekil 5. Senkdy giineyinde Kinktepe Fay1  boyun-
ca derelerde gozlenen saf vanal Gtelen-
meler.

Figure 5. Right lateral offsets observed across the
rivers along Kinktepe Fault in south of

Senkiiy.

Yedisu Fay1 : Calisma alammmin ortalarinda Eski.
balta Kdyiiniin 1 km kuzeyinden baslayan fay, Meli-
kan Kéoylinden gegerek Yedisu Ovasi’nin kuzeyini si-
mirlar ve Yedisu Bucagimin 2 km dofusunda iki kola
ayrilarak Asafimozi Mahallesinde son bulur., Fay,
K45D dofrultulu ve 7080eG efimlidir, Calisma ala.
mnda 15 km uzanmm gisterir,
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Sekil

4. Yedisu Ovasmin giineyini smmurlayan Ga-

boran Fayimn  giriindisii.
(A): Aliivywon konileri.
(Ve): Volkan konileri,
{Qal): Alluvium.

Figure 4. View of Gaboran Faull
south of Yedisu Plain.
(A): Alluvium funs.
(Vec): Voleanic cones.
{(wal): Alluvium,

boundaring the
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Ligik Fay1 : Calisma alamnin batisindan itibaren
KérB dofrultusunda uzanan faylar, Elmali Kayiin-
den itibaren doniis yaparak D-B dofrultusunda uza-
nir, Bu fay Elmali'dan baglar, Diiz Tepe kuzeyinden
gecerek dofuya dogru stirer. 10 km lik bir uzanum-
dan sonra atlamal olarak Ligik Cayvim denetler ve
Klgubuk Koyiindin 500 m giineybatisinda son b
lur, Fayin uzamrm boyunca efimi batida 708G,
dofuda ise diktir. Diiz Tepede fayin Miyosen yash
Darabi formasyonunu keserek 350400 m lik bir sag
yinlii Gteleme meydana getirdigi saptanmistir (Se-
kil 6). Faym calisma alanindaki uzammu 20 km dir,

— ot Ligik( Fayrl Faull}

0 700 1400

a\

Sekil 6. Aktas Koyii kuzeyinde Diiztepede Licik
Fayt boyunca kirectaslaroun  sag yanal
ftelenmesl.

{Kgt): Miyosen Kirectags:

Figure 6. Right lateral offset of
along Ligik Fault in Wiz Tepe north of
Aktas village,

(Ket): Miocene limestone.

limestones

Kasiker Fay1 : Bu fay, Sehit Tepe giinevinde
KaB dogrultusu ile dofuya dofiru uzamr. Ortakoy
kuzevinde dénerek D-B dogrultusuyla Kagsikg Eiwil
ne kadar devam eder. Fay, Kasikgl Koviiniin kuzey-
dogusunda dinerek K7D dogrultusunda kuzeydogu-
va yonelir, Efimi 75 G olup, uzamm 25 km dir.

TUTKEUN

Catak Faw1 : Fay, Sorik Tepenin vaklasik 1 km
dogusundan baslayarak K30°B dofrultusu ile gii-
neydoguya dogru uzamr, Daha sonra yon degigtire-
rek K63BE defirultusuyla Catak deresinin kuzeyini
denetler ve Gerran Koyii 1 km giineyinde Catak Ca-
yim keserek Asagisorik Koyiine kadar uzamr. Fayin
galisma alam igindeki effimi 75-800G olup 13 km lik
bir wramim gosterir.

KaZan Faw1 : Calisma alam  iginde Kizlbuguk
Koyii kuzeyinden baslayan fay, K55°B dofrultusu ile
Kazan Mah. Kuzeydogusuna kadar wuzamr, Burada
yon degistirerek, K70°B dogrultusu ile giineydofuya
uzamp, Tap Tepe gineyi ve Selimgayin Tepe kuze-
yvinden gecerek galisma alamim terkeder. 20 km lik
uzanim boyunca 70-80-K egimli olan fay calisma ala-
m disinda da devam eder. Fay boyunca Kasaphane
Deresinin doguya dogru 2 km sag vonlii dtelenmeye
ufradifit saptanmagtr.

Kuzey Anadolu Fay Zonu, Elmall Kdyii ile K-
zilgubuk Koyii arasinda diniis yaparak DB dogrul
tusu kazamrken bu iki kéy arasinda genisligi 25 km
olan bir zon iginde catallamir. Yukanda anlatilan
Gaboran Fayi bu zonun giineyini, Catak Fay1 ise ku-
zeyini smmrlar. Ayrica bunlann disinda zon iginde
baslica asagidaki faylar saptanmgtir.

Halittepe Faw1 : Calhisma alam giineydogusunda
Memo Tepeden baslayan ve K50°B dogirultusuyla gii-
neydoguya dofru devam eden fay, Cirik Koyii 1 km
kuzeyinde Karhova Ovasmna girer. Faym biitin dog-
rultusuy boyunca 708G efimli oldufn saptanmig
olup, tavan blokunda cok sayida uzamms tepeler ve
dere yataklarnda 500 m lik saf yonlii otelenmeler
giizlenmistir, Calisma alam i¢indeki uzammm 15 km
dir,

Horhor Fayr @ Calisma alaminda Horhor Koyiin-
den baslayip K45B dogrultusuyla giineydofuya uza-
nan fay, giineydofuda Dubeyi Deresini denetleverek
Cirik Koyiinde son bulur. Fay biitiin uzammi boyun-
ca 7800 G efimli olup, ¢alisma alam icinde 17 km
uzamm gosterir.

Bazo Tepe Fay : Calisma alammin  glineydofu-
sunda Bazo Tepe'den baslayan fay, dnceleri Ki(FB
daha sonra K40cB dogrultulu olarak giineydoguya
uzamir ve cahsma alamim terkeder, Fay, 700 G efimli
olup, uzammi boyunca Gelivataro Dereyi demnetler.
Calsma alam igindeki toplam uzamimi 17 km dir.
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Yaylaarda Fay1 : Calisma alanimn glineydofusun-
da Yaylaard: Tepeden baslayip giinevdofuva dofru
K4FB dogrultusu ile uzanan fay, 70e80¢ G ¢ffimli
olup, calisma alaminda 13 km uzanarak devam eder.
Faym tavan blokunda cok sayida uzanus tepeler
giizlenmistir.

Halit Tepe Fayi, Horhor Fayi, Bazo Tepe Faw,
Yaylaard: Fay: ve Gaboran Fayimin giineydofu ucu
Ust Miyosen Pliyosen (?) yash Karhova volkanitle-
rini kestifi ve uzammlan boyunca bu velkanitlerde
kivrilma, ezilme gibi deformasyon yapilan gozlendi-
gi igin vaglarmun Ust Miyosen-Plivosen (?) den genc
olmas1 gerekir.

2, Kuzey Anadolu Fay
ikincil Faylar

Fomunu Ening Kesen

Kuzey Anadolu Fay Zonu iizerinde &nceden wya-
pilmis caliymalar; Abdiisselamoflu (1959), Tokay
(1973), Oztiirk (1976), Tatar (1978), Yilmaz ve difier-
leri (1981), Tutkun ve Inan 1982) Oztiirk ve digerleri
(1534, 1585) da Kuzey Anadolu Fay Zonu'nu K45D
dofirultusuyla enine kesen [favlardan stz edilmek-
tedir,

Calbisma alanminda aym dofrultuda ve Gzellikte
gok sayida fay saptanmis olup bu faylardan bashca-
lar1 Mozi Fayi, Peri Fay1, Yoncalik Fayi, Baluca Fa-
1 ve Zabik Fay olarak adlandinlms ve incelenmis
tir (Sekil 9),

Morfolojik tzellikler ve arazi gizlemleri, bu fay-
lardan coffunun diisey veva diiseye vakin oldufunu

ve ¢ofunda diisey atimip bulundufune ghistermek-
tedir,

Bu faylarin Anadolu Plakasinin bativa hareketi
sirasinda fay zonumun kuzeyinde ve giineyinde etkin
olan agilma rejimi nedenivle gelistikleri diisiiniilmek-
tedir,

KUZEY ANADOLU FAY ZONU UZERINDE FAY
DUZLEMLERI CcOzimi

Calsma alaninda Kuzey Anadolu Fay Zonu'na
kosut olan birincil faylar ve bu zonu  enine kesen
ikincil faylardan alinan 200 adet fay diizlemi dlgiim.-

lerine gire gizilen kontur diyagrami, Sekil 7 de, giil
diyagram ise Sekil 8 de gisterilmistir.

Bu diyvagramlara pire Kuzey Anadolu Fay Zonu
boyunca egemen fay diizlemlerinin K60-80cB ve K30
4D dogrultulu, egemen stkistinmamn ise K13B -
G13°D yinlii oldugu saptanmistir.

DiE}

Sekil 7. Egil ile Karliova arasinda Kuzey Anadolu
Fay Zonu'nun egemen fay diizlemleri ve
sikighirma  yBniinii  gisterir kontur di.
yagram.

i1, 2): Egemen fay diizlemleri.
{C-C’): Egemen sikastirma yinii.

Figure 7. Coniour diagram showing predominant
foult planes and dominant stress direction

of the North Anatolian Fault Zone bet-
ween Esil and Karhova,

{1, 2): Predominant fault planes,

(C-C’): Dominant stress direction.
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Sekil 8. Esil ile Karhova arasmda Kuzey Anadolu
Fay Zomundaki faylarm egemen dogrultu
larmm gosterir giil diyagram, (S,, 5;) Ege
men Fay dogrultular.

Fipure 8. Rose diagram showing predominant
strikes of faults in the North Anatolian
Fault Zone between Esil and Karhova,
(8;-S,) Dominant fault strikes,

SONUCLAR

1. Esil (Erzincan) ile Karhova (Bingdl) arasin.
da Kuzey Anadolu Fay Zonu'nu olusturan faylarn
tiimii ortava cikanlmstir.

2, Calisma alanmmda Kuzey Anadolu Fay Zonu'-
nun Esil ile Elmah K&vii arasmda K7B, Elmal; ile
Eazlgubuk Koyii arasinda DB, Kmlgubuk ile Kar-
liova arasinda ise K35°B dofrultusunda devam ettifi
saptanmistir,

3 Kuzey Anadolu Fay Zonu'nu olusturan fay.
larin genellikle dike yakin olduklar: ve yer yer uza-
nimlar boyunca efim yinlerinin. degistifl belirlen-
mistir, '

TUTKUN

4. Doju Anadoly Fayr ile karsilasma yerine ya-
kin oldugu bolgede, Kuzey Anadolu Fayi'min yaklagik
20 km lik bir zon iginde catallandifn ve genigledigi

gozlenmistir,

5 Kurzey Anadolu Fay Zonu iizerinde ver alan

bolgedeki yerlesme merkezlerinin gecmiste ve giinii
miizde biiyiik bir deprem riski altinda bulunduklan
ve heyelan tehlikesinin wvarhjn ortaya konmustur.

6. Arazi bulgularma  dayanilarak Kuzey Ana-
dolu Fayi'min yasinin en azindan Ust Miyosen - Pli-
vosen (?) sonrasi olmas: gerektifi sonucuna wvanl
st

7. Kuzey Anadolu Fay Zonunu olugturan fay-
larin egemen diizlemlerinin K60-800B ve KE30-40¢D
dofirultulu oldugu ve hilgedeki asil stkistirma kuw.
vetinin ise K13*B-G13°D yonlii oldufm saptanmistir,

8 Calisma alamnda Kuzey Anadolu Fayi'mn
tek bir fay olmayip genislifi yer yer 20-25 km wye va-
ran bir fay zonu seklinde gelistifii bir kez daha vur
pulanmstir,
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Cebrail (Gediz - Kutahya) Antimon Yataginin Jeolojisi

GECGLOGY OF THE CEBRAIL (GEDIZ - KUTAHYA) ANTIMONY DEPOSIT

Ahmet GOKCE, Cumburiyet Universitesi, Jeoloji Mithendisligi Boliimii, SIVAS,

07 : Cebrail Koy vakinlarmda bulunun  antimoncevherlesmeleri yiredeki mermerlerin énlerinde ve ta-

banmda gelismis ve sistler {izerind wyumsuz drtiller seklinde bulunan mermer cakil wigsimlan iginde «ta-
hakamslfstratabmmd tips, ve silisli travertenler ile mermerlerin kink ve catlaklan icinde «gatlak dol-
gusu tipis gizlenmektedir. Genellikle kismen ve/veya tamamen oksitlenmis antimonitler ana cevher
minerali olup, kermesit ve eser miktarlarda pirit, markasit, ve enarjit gzlenmektedir. Cevherlesmele-
rin yoredeki faylardan birisi (F-2) boyunca yiizeve yakin seviyelere kadar yiikselen ve/veya cikan si
cak sularm olasilikla sistler iginden c¢Bzdiikleri antimonu ¢ikis noktalarmdan yamag agafl akarken, so-
fuk ve oksijene dovgun viizey sular ile karsilastiklam  vokanda isimleri zikredilen yerlerde gikeli-
meleri sonuecw olustuklar dilsiiniilebilir,

ABSTRACT : Antimony deposits of the investigated area are seen as stratabound  type in the
accumulations of marble pebbles, which are accumulated in front of the marble blocks andfor
underneath them, and discordant on the schist, and seen as fracture fill type in the joints and fractures
of silisified marbles and travertine with silica. Stibnites, which are partly or completely oxidised, are
the main ore minerals. Kermesite, pyrite, marcasite, and enargite are rarely seen, It may be thought
that the mineralisations are deposited by the hot water.solutions which came out or rose up o a
few metres to the surface along one of the fault zones (F-2) and precipitated their anlimony contents

{which had been possibly solved from the basement schist) where they met the cold and

oxidized

meteoric water, during flowing and/or leaking in the places as mention above.

GiRis

Cebrail antimon yatag Kiitahyva iline bagl  Ge-
diz ilgesi gevresinde bulunan 10'a yakin antimon va-
tagindan birisi olup, Cebrail kiyiiniin hemen giine
vinde, 1725000 &lcekli J,-d, paftasi iginde bulun-
maktadir (Sekil 1),

Yatafin vakin cevresinde 1/5000 OGlcekli, galerl
iglerinde ise 1/200 Glgekli jeolojik harita ve gizlem-
ler yapilarak ve toplanan kayag ve cevher drnekleri
laboratuvar wontemleri ile incelenerek, yatafm ya-
taklanma sekli, yvayilimi, cevher . yankayag iligkisi,

mineral jgerifl, olusumu ve kikeni belirlenmeye ca-
lisalrmistir,

Muratdag Melanj: olarak bilinen (Bingil, 1977),
metadetritik ve ultramafik kavaclar ile cesitli vas-
larda ve &zelliklerde kirectas: ve mermerlerden olus
mus kansik bolgenin en yash kavag grubunu olus-
turmaktadir, Bu kayag tiirleri, inceleme alammnin gii.
neyinde, Bingtl (1977) tarafindan «Kirantarla For-
masyomis, Bas (1983, 1986) tarafindan ise «Tunghi-
lek Formasyonus olarak adlanms, komiichi seviye-
ler de iceren taneli sedimanter kavaglar ile, incele
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Figlire 1. Geographic location map,

me alamnin kuzevinde ise Bas (1983, 1986) tarafin-
dan «Coltkdy Formasyonus olarak adlanan, Plivosen
yvagh, tiif ve kiregtas: arakatkilan igeren marn ve
kiltaglar ile Grtiilmektedir. Ayrica biélge tektonik
agidan oldukca hareketli bir bilge olup; D-B, K20B
ve K45B dogrultulu knk hatlarn oldukca belirgindir,

Inceleme alam ile dofirudan iliskii maden jeo-
lojisi amach calismalar hemen hemen yok gibidir.
Atabek (1948), yoredeki antimon cevherlegmesinin
K65B dofirultulu bir fay boyunca pgelistifiini ve re-
zervi az, hidrotermal bir olusum oldugunu belirtmek-
tedir. 1970'li yillarda virede Etibank tarafindan jeo
lojik ve jeofizik ¢ahismalar yvapilmig ise de ¢alisma-
lara ait raporlar bulunamamistir. Inceleme alam
icindeki antimon vatag: 1983 wilindan bu yana MET-
SAN AS. (Gediz) tarahndan isletilmektedir,

LITOSTRATISRAFIK BIiRIMLER

Inceleme alaminda 1/5000 &lgek diizeyinde ta-
mmlanan litolojik birimlerin = dagilmlar: ve olasil
stratigrafik dizilimleri Ek1'de oldugy gibi belirlen-
mistir,

GOKCE

Sistler

Yoirede en altta bulunan ve en yash olarak gt
ziiken litolojik birimlerdir, Genel olarak «Stavrolitli
kloritmuskovitkuvars sist olarak adlanabilecek bu
birim icinde yer yer kuvarskalksist seviveleri  de
gizlenmektedir, Genellikle gevsek dokulu, sistozite
diizlemleri iyl gelismis, bozgri renkli kayaclardir.
Fay zonlarman wve Szellikle cevherlesmelerin yakin:
larinda ileri derecede bozunduklar ve sarrkahveren-
gl renkli, toprafims1 gériiniimlii ve tamamen kalsit-
ten ibaret bir bozunma {iriiniine déniistiikleri gizlen
mektedir, Bu bomunma iirinleri icinde ver yer hap
solmus antimonit kristalleri de gizlenmektedir, Bin-
gil (1977), bu kayaclarn Ust Kretasede bilgeye ver
lesmis Muratdagn Kansimm biiviik boyutlu blokla-
r1 olduklarim belirtmektedir,

Mermerler

Topogralik olarak viiksek werlerde, sistler iize
rinde gelisi giizel daghlims allokton bloklar seklinde
gizlenmektedirler. Genellikle ince banth, iyi kristal-
lenmig, sert, tikiz ve grimsi bevaz renkli kayaclar-
dir, Bilesimlerinde kalsit tek bilesen olarak giizlen-
migtir, Yiizey ve/veya yeralth sular ile islenmis ke-
simlerinde bantl yapr kaybolmus olup, kayvac ghre
nekli ve silislesmis bir yapi kazanmistir, Yer ver
bu bloklarmm tabaninda olasilikla siiriiklenme sira-
sinda olusmus biresik zonlar ve asafwda Szellikleri
tartigilacak olan mermer cakili wifhsimlar gizlen-
mektedir, Bu kayaglar da Muratdagh Kamsiginin bi-
lesenleri olarak diisiiniilmektedir (Bingdl, 1977).

Karsaka Tepe Cikelleri

Inceleme alanmin kuzey kesiminde giézlenen ve
daba kurzeye gidildikge genisleyverek wayilan beyaz-
kirli beyaz renkli céikellerdir, Genellikl ince ve taba.
kah yataya yakin komumlu, marnkiltas: ardalanma-
st ile kiregtas: ve tif arakatlalarindan olusmuslar
dir. Bas (1983, 1986) bu birlmi «Coklkiy Formasyo-
nus olarak adlamstir,

Mermer Cakih Yigisimlar

Bu tiir yifisunlar inceleme alam igindeki mer
mer bloklarmin Snlerinde ve altlarinda goriilmekte.
dirler. 520 cm biiyiiklikte ve Lkiseli mermer cakil
larmmin gelisigiizel bir sekilde bir araya wifilmas: ile
olugmuglardir. Yer yer gok belirsiz de olsa tabaka-
lanma gizlenmekte olup, taneler arasi ¢imentolanma
gok az ve/veya hemen hemen hic yok gibidir,
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Genel giriiniimleri ile vadi iclerini ve/veya biraz
daha biiylikge mermer bloklar: arasm doldurmus va-
mag dikiintiilerini andiran bu yifisumlar, asinmis
mermer bloklarmndan geriye kalmis ve yikanmis ta
ban biregleri de olabilirler. Ancak bu yifisimlar Fl
ve F2 faylan arasinda yofunlasmakta olup, bu iki
fay arasinda kalan mermer bloklanmin ileri derece-
de pargalanmas: ve kiigiik taneli tirlinlerinin yikan-
masi, iri taneli cakillarin ise olduklarn verde birik-
meleri sonucu olugtuklan da diisiiniilebilir.

Bu gakil yifisimlarinm iist kisimlarinda ve fveya
yamag efimine gire ¢n kisumlarinda altta lrmoz-
kahverengi renkli, iiste ise sarikirlibeyaz renkli,
kum silt bovunda ve yuvarlaklasmis karbonat tane
lerinden (kalsit kiimelerinden) olusmus, toprafims:
goriindimlii yifisimlar da bulunmaktadir. Bu yifisim-
larin az da olsa gizlenen tabakalanmalart yamac egi-
mine paralel konumludur,

En birimin cakillam arasindaki bosluklarda ve
cakilh seviyeler ile toprafimsi iist seviyelerin ara-
sindaki dokunak boyunca antimon cevherlesmesi
ghzlenmektedir,

Fistlerin mermerlere gore daha Izl agmmalan
sonucu mermerler Sniinde dike valkin egimli vizey.
ler (yarfalez) gelismis ve mermerlerin {izerinden,
gatlaklarmdan ve/veya sistler ile olan alt dokunakla-
r1 boyunca akan ve/veya sizan sular bu yiizeyler bo-
viunca silisli travertenleri cikeltmislerdir. Bu traver-
ten cokelleri mermerlerin &n yiizeyleri boyuneca, on.
lara gire daha sert wve sam kahverengi renkli siva-
malar seklinde ve/veya onlarmn kink ve catlaklan
icinde asendent (yukardan asafiva dogru) dolgular
seklinde gelismislerdir, Ozellikle silisce zengin  ke-
simlerinde antimon cevherlesmeleri gizlenmektedir.

EKoliivvonlar

Silisli travertenlerin &niinde gelisen az efimii
verlerde &zellikle travertenlerden ve mermerlerden
tiirmis, 2 m've varan biiyiikliiklerde, herhangibir boy-
lanma wve tabakalanma ghstermeyen vamag dokiin-
titleridir,

Aliivvonlar

Cebrail kéyii icinden akan ve yaz aylarinda ku-
ru olan ana dere ve van kollart boyunca gelismis
glincel birikintilerdir, Yoredeki kayaglarin bilegimi-
ne uvgun ve genelikle kum, ince gakil boyu malze-
meden olusmuslardir, 3 Ll
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YAPISAL OZELLIKLER
Sistozite wve tabakalanma diizlemlerinin konumlar

Bilgedeki metamorfitler ve mermerler, ekseni
inceleme alammin 3 Km kadar giineyinden gegen
D-B dogrultulu bir antiklinalin kuzey kanadinda bu-
lunmaktadirlar,  Sistozite dizlemleri dogrultulari
bakimmdan D.B've vakin (K70B-KT0DY cok az defi-
sen degerlere sahipken, cfiim yinleri ve degerleri ¢ok
sik degismektedir, Yer ver ldigiik bowvutly kivrimlar
ve fay zonlarmma yakm yerlerde ezilmeler gizlenmek-

tedir,

Mermerlerin  tabakalanma ve bantlanma  diiz-
lemleri ise K10-20D/10-15KB degferli konumlara sa.
hiptirler. Pliyosen yash Cokkkéy gokelleri genellikle
yvataya vakin tabakal olup, yer ver 15-200'1ik egimler
mozlenchilmektedir.

Faylar

Inceleme alam iginde birbirine paralel ve yak-
lasik K458 dogrultulu TO.80°K efiimli 4 adet (F1.F4)
efim atimh fay belirlenmistir, Faylarin anm mik-
tarlar: saptanamamis olmakla birlikte, dnlerinde to-
pofirafik olarak 1520 m'lik diismeler gizlenehilmek-
tedir. Faylar boyunca 10,15 m genislilte breslegmis
zonlar gozlenmektedir. Ozellikle F2 fay1 boyunca yer
yor agin derecede silislesmis ve  sar-kahvercngi
renkli, sicak su ¢ikis konilerini andiran travertenim-
si olusumlar bulunmaktadir, Bu yerler cevherlesme-
leri getiren sicak su kaynaklarnin olasil gikig yer
leri olarak diisiiniilmiistiir, Inceleme alanmmin  giine.
yinde, bu faylara paralel bam faylarin Mivosen vash
birimleri kestikleri pozlenmektedir, Bu nedenle bu
faylarin Miyosenden daha geng, hatta yérenin giincel
olarak ta tektonik acidan aktif bir bilze icinde bu-
lindugn giz onlinde bulundurulur ise giincel's cok
vakin bir zaman da olustuklan diisiiniilebilir,

CEVHERIN YATAKANMA SEKLI VE CEVHER
YANKAVAC ILISKILERI

Inceleme alam igindeki cevherlesmeler mermer
calkall yifisimlary, silisli travertenler ve karbonatlas-
mig gistler ile iliskili géziitkmekte olup ilk iki tiir olu-
sum isletilebilecek derecede zenginlesmis ghziikmek-
tedir.

Mermer Caluli Yifigmmlan fcindeki Cevherlegmeler

Bu litolojik birlm tamimlamrken de definildigi
gibi cakillar arasi bosluklarda, cakillarn iizerinde
kum-silt bulunan kumsilt boyu malzeme igcinde ve bu
iki litolojinin, her zaman belirgin olmayan sinirl (do-
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kunaihi) boyunca antimon cevherlesmeleri gizlenmek-
tedir, (Sekil 2). Bu tir yifizmlar ve antimon cevher-
lesmelerl baghea iki bolgede (Sivrivayla T. ve Gikge-
viiz T.'lerin kurey yamaclarinda) kilmelenmistir (Se-
kil 2).

Cakillar arasi bosluklarda giziemen cevherles-
melerde antimonit kristallerinin isinsal bir sekilde
kiimelendikleri ve ileri derecede oksitlendikleri gbe-
lenmektedir. Dagihmlan  oldukca pelisi giizel olup,
herhangibir devamhlik ve diizenlilik gizlenmemek-
tedir. Kum-=silt boyu malzeme icinde olan antimonit
kiimecikleri de benzer Gzellikler gistermektedirler.
Bu iki tiir malzemenin dokunafn boyunca gizlenen
cevherlesme ¢ok az da olsa gizlenen tabakalanma
diizlemlerine parale]l olarak vataklanmis cevher cep-
leri ve ince bantlar seklinde olup, genel olarak dog-
rultu boyunca 100150 m, efim yoniinde ise 4550 m
kadar bir devamhhk gozlenmektedir. Cevherlesme,
topragums: giriiniimli olup, dis kisimlan oksitlen-
mis antimonitlerden olusmustur. Yer ver serbest
kiikiirtin hakim oldufu ve i¢inde oldukga biiyiik ve
dz sekilli antimonit kristallerinin gelistiyi kiimelen-
meler, baz yerlerde ise kirmuizi renkli kermesit si-
vamalan gorillmektedir.

Cevherlesme zonu 1400-1370 m  kotlan arasinda
5070 em kalnbkta iken, 1370 m kotundan asaflara
inildikce (G-13 ve G-A arasinda; Sekil 2 ve Ek-1} in-
celmekte, tabanda gistlerin goriilmesi ile tamamen
kaybolmaktadir. Cevherlesmenin genel kopumu ve
ic yapisi, cevherin yukaridan asafiya dofru akan
gozeltilerce getirildifini gistermektedir, Cozeltilerin
igerdikleri antimonu gokeltmeleri sonucu  asafilara
indikee antimon iceriklerinin azaldifh ve cevherles
mede bir incelme ve fakirlesme gozlendifi sivlene-
bilir, Ayrica G6 ve G-14ten F-2 fayina dofiru cial
dikca (Ek-1) kumluo-siltli malzeme azalmakta ve si-
lislesmis mermer breslerl icinde wildizlar seklinde
kitmelenmis antimonitlerden clusmus bir cevherles
me girlilmektedir. Bu wverler cevherlesmevi getiren
sularm olasil ¢ikis verleri olarak  dilsliniilmiistiir.
F2 faymmn alt kotlarda cevherli olup olmadign bilin.
memekte olup, bu gmine kadar herhangibir arama
vapilmamistir, Genel olarak bu cevherlesmenin  cev-
her calall yifisimlan icinde calalh wve kumlu-siltli
malzemelerin dokunafn boyunca gelismis ve onlarin
cok az da olsa gizlenen tabakalanma diizlemlerine
paralel olarak gelismis tabakamsi/stratabound tipi

bir cevherlesme olduklar stylenebilir,

GOKCE

Silisli Travertenler iginde ve Mermerlerin Kirik-Cat-
laklar: feinde Gozlenen Cevherlesmeler

Daha dnee de defiinildigi gibi silisli travertenler
mermerlerin dniinde sivamalar ve onlarn ik ve
catlaklan iginde dolgular seklinde bulunmaktadir.
Bunlarn icinde miktar olarak az olsa bile 1s:nsal
sekilde kiimelenmis antimonit kristalleri gozlenmek-
tedir. Etibank ocafn ve Cambitentas olarak bilinen
yerlerde isletilebilecek kadar zenginlesmis kesimleri
gizlenmekte ise de genellikle fakirdirler, Bir cevher-
li catlak icinde asagiya dogru inildikce, catlagin sek-
line bagh olarak cevherlesme V' seklinde incelene-
rek kaybolmaktadir, Catlaklan dolduran cevherli ve
silisli giizeltilerin yukardan asafiya dogru gelerek
catlaklarn doldurduklarn belirgin bir sekilde izlene-
bilmektedir. Bu cevherlesmeler catlak dolgusu tipi
cevherlesmeler olarak tamimlanabilirler. Bu cevher-
lesmeler damar tipi cevherlesme olarak adlamak icin
cok fakir ve devamsiz olup, isletilebilirlikleri cok
azdir,

CEVHERIN MINERALCIIK OZELLIKLERI

Makroskopik gozlemler wve mikroskoplk incele-
meler sirasinda ana cevher mineralinin ver ver ks
men, yer ver ise tamamen oksitlenmis antimonitler
oldufu gizlenmistir. Yer ver kermesit ve serbest kii-
kiirt kiimelenmeleri gizlenmkte olup, mikroskopik
incelemeler sirasinda eser miktarlarda pirit, marka-
sit, enarjit gibi mineraller de saptanmistir. Kalsit
ve kuvars ise saptanabilen gang mineralleridir.

Antimonitler genellikle 1sinsal kiimelenmis, uzun
cubuksu kristaller seklindedirler. Elementer kitkiir-
tiln bulundugu verlerde, onun icinde hapsolmus an-
timonit kristalleri oldukca biiviik ve Oz sekillidirler.
Kermesitler mermer cakillan iizerinde kirnmzi renk-
Ii swvamalar scklindedirler.

Kuvarslar genellikle kiiciik kristaller seklinde-
dirler. Biiyiik catlaklar igcinde, yer ver dis yapisinda
kristallesmis biiyiik kuvars  kristalleri de gbdzlen-
mektedir,

Kalsitler genellikle yoredeki mermerlerden, mer-
mer cakillarindan tiremis taneler icinde, ender ola-
rak ta ikincil catlak dolgulan seklindedirler. Birin-
ci tip kalsitler kenarlarn kimlmis ve wuvarlaklasnus
kiimeler seklinde, ikinci tip kalsitler ise genellikle Gz
sekilli kristaller seklindedirler. Sistlerin karbonatlas-
ma iiriinleri i¢inden almnan Orneklerde antimonitle-
rin tamamen kalsitten olusmus bir matriks icinde
bulunduklar gériilmektedir.
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Cebrail antimon yatag, Sivrivayla ocaklarn G-A ve G.13 katlarmun ideoloji hariia ve kesiti,
{1 — Cevherlesme, 2 — Kumesilt boyu karbonat malzeme, 3 — Mermer cakih yifisom, 4 —
Mermer, 5 — Galeri girisi, 6 — Efimli galeri).

Geology map and cross section of the G-A and G.13 levels, in the Sivrivayla Mines of Cebrail
antimony deposit {1 — Mineralisation, 2 — Sandy and siltous carbonate material, 3 —
Accumulation of marble pebble, 4 — Marble, 5 — Portal of adit, 6 — Inclined adit).
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YATAGIN OLUSUMU VE KOKENI
Gizlemler ve Bulgular

— Cevherlesme; mermer cakili yosimlar igin-
deki cakilh wve kumlu-siltli malzemelerin dokunaklar
boyunca tabakamsifstratabound tip ve silisli traver-
tenler ile mermerlerin kirik ve gatlaklan icinde cat-
lak dolgusu tipi olmak iizere iki ayri tipte wvataklan-
mishr,

— Her iki tip cevherlesme de yoredeki tiim jeo
lojik olaylardan geng olup giincel topografik yiizeye
¢ok vakin bir seviyvede gokelmislerdir.

— F-2 fay iizerinde dnemli dlciide silislesme ve
sarvkahverengl renkli, sicak su ¢ilas konilerini andi-
rap travertenimsi olusumlar gozlenmektedir.  Cev-
ker olusumu bu faydan daha asa@n kotlarda bulun-
maktadir. Faylarn vast Mivosenden daha geng, ola-
silikla gincele cok vakindir,

— Faylara vakin yerlerde sistlerin ileri derecede
bozunduklan, kahverengi-kirmiz renkli ve tamamen
kalsitten ibaret, ver yer de antimonit kristaller ige-
ren bir iiriine doniistiikleri ghzlenmektedir,

— Hakim cevher minerali ver ye1 kismen, yer
ver ise tamamen oksitlenmis antimonitlerdir. Yer
ver kermesit ve eser miktarlarda pirit, markasit ve
enarjit te bulunmaktadir.

Tartisma ve Yorumlar

— Yukandaki verilerden cevherlesmelerin F-2
fay1 boyunca wiizeye cok yakin sevivelere kadar yiik
selen vefveya viizeve kadar cikan sicak sularin mer-
mer ¢akih wifisimlan iginden vamag asafi akarken
ve/veya mermerlerin kirk ve catlaklan iginden si-
zarken taguhiklar tiriinleri ¢okeltmeleri sonucu olus-
tuklam anlasiimaktadar,

— Mermer cakih wnfizmlan igindekt cakilh ve
kumlu-siltli malzemelerin dokunag: tabakams:/stra
tabound tip cevherlesme igin, mermerlerin ve silisl
travertenlerin kink ve gatlaklan ise catlak dolgusu
tipi cevherlesmenin ctkelmesi igin uygun bosluklan
olusturmustur,

— Mermerlerin ve mermer ¢akilh yifisimlarimmn
karbomath bilesimleri, onlanin kimk, catlak ve bos-
luklar: igindeki soguk, oksijen wve karbonat igerigi
yilksek wiizey sularn cevher getirici sicak sularm
igerdikleri antimonu cgikeltmeleri icin uygun fiziko
kimyasal kosullant hazirlamiglar ve cevherlesmenin
dzellikle bu kayaclar icinde cokelmesine neden ol
muslardir,

GOKCE

— Antimonitlerin  olduk¢a uzun ve Gz sekilli
kristaller seklinde olmalar cevher getiriminin ve ¢i
keliminin oldukca yavas ve genis bir zaman arahifin-
da oldufunu gistermektedir,

— Yer yer serbest kiikiirt kiimelerinin gozlen-
mesi cevheri tagiyan sulann kiikiirt igerifinin yiik-
sek oldufunu, genellikle antimonitlerin kismen ve/
veya tamamen oksitlenmis clmalar: ise onlarn olu-
sumlarindan sonra hava ve/veya yiizey sulan ile
temas halinde olduklarm gostermektedir,

— Cevherin clusum yas: F.2 fayimin olusumun-
dan daha geng ciup Mivosenden daha genc, biiyik
clasilikla giincele cok yakindir,

— Cevher getirici sularn ve antimonun kokeni
hakkinda kesin weriler saptanamamistir. Ayrica yé-
reden toplanan kayag drneklerinin antimon igerikle-
rini de analiz etmek bugiine kadar miimkiin olama-
mstir. Ancak Kiksoy ve Ileri (1977), yirenin vak:n
mnda bulunan Alanyalilar Antimon Yatafh ve Ihca
Sicak Su Kaynaklari cevresinde vaptiklan inceleme
lerinde; yer kabufunun ortalama antimon igerifine
(02 ppm) gore yoredeki sistlerin (60-1484 ppm)
300-7420 kat daha fazla antimon igerdiklerini sapta-
mislar ve bu kavaclarin organik maddece zengin
seviyelerinin yiredeki wataklar olusturan antimon
igin kaynak kayac ozellifinde oldufunu belirtmelkte-
dirler, Aym arastirmada Ihea Sicak Su Kaynafindan
¢ikan sularin antimon icerifinin (16 ppb) deniz suyu-
na gore (0.5 ppb) 32 kat daha zengin oldugn gosteril-
mistir. inceleme alam igindeki sistlerin fay zonlarl-
na ve cevherlesmelere yaklagtikca ileri derecede bo-
zunmug ve karbonatlasmis olmalar we buralarda za-
man zaman antimonit kristallerinin gizlenmesi sist-
lerin antimon icin kaynak kayac olabileceklerini gis-
termelktedir,
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Conflicting Chronostratigraphic Inferences on Conodont
and Foraminifera occurrens in the Belek Formation

BELEE. FORMASYONU KONODONT VE FORAMINIFERLERI UZERINDE CELISKILI ZAMAN -

STRATIGRAFIK YORUMLAR

Kemal CEBECIOGLU, T.P.A.O. Arastirma Merkezi, ANKARA,

Murat KOYLUOGLU, T.P.AO. Arastirma Merkezi, ANKARA.

ABSTRACT : Three section taken from the

Belek Formation, the Lower Carboniferous, Southeas-

tern Turkey, have yielded conodont and foraminiferal taxa. The occurrences of the taxa are given for
the first time and are considered to have chronostratigraphic value in the region,

GZ :  Giineydogu  Anadolu'daki  Alt  Karbonifer yagh Belek Formasyonundan ahman iig stratigralik
kesitte konodont ve foraminiferler bulunmustur. Bu fosillerin stratigrafik uzammlarn verilmis ve zaman-

siratigrafik dnemleri tartigihmigtir,

INTRODUCTION

The three sections studied, Rejgardaf, Samurdag
and Belek, are located in the northern part of the
Arabian  platform  (Figure 1), The platform is
bounded at the north by the Taurus-Zagros Orogenic
Belt and contains thick Paleozoic, Mesozoic and
Tertiary autochthonous units,

This paper alms to demonsirate the conodonts
and foraminifers of the Belek Formation and to
emphasize the chronostratigraphic conflicts between
them. The conodont study was carried out for the
first time in the region as a trial for the search of
conodonts. The samples processed for conodonts
and foraminifers are by mo means significant in
size, and each weighs approximately 60 grams. There-
fore, the scarcity of specimens of conodonts is not
related to the faunal content of the formation,

Carbonate samples were etched with 10 04
formic acid and dried residues were soricd for
conodont specimens. Thinsectioning was done in the
usual method for foraminifers,
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Figure 1 : Location map of the measured sections.
A is Rejgardag Section, B is Samurdag
Section and C is Belek Section,

Sekil 1 : Olgiilii kesitlerin buldurn haritas:, A - Rei-
gardag Kesiti, B - Samurdag Kesiti, C - Be-
lek Kesiii.
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feral and algal taxa at the Rejgardag
Section.
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Figure 2 : Local ocourrences of conodont, foramini- Sekil 2 : Rejgardag Kesitindeki wersel konodont,

foraminife ve alg uzanmmlari
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Figure 3 : Local occurrences of conodont, foramini-
feral and algal taxa at the Samurdag
Section.

Sekil 3 : Samurdag Kesitindeki yersel konodont, fo.
raminifer ve alg vzammlari
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Figure 4 : Loeal cccurrences of conodont, foramini- Sekil 4 :

feraj and algal taxa at the Belek Section.

Belek Kesitindeki yersel konodont, fora-

minifer ve alg uwzanimmlar:,
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STRATIGRAPHY

Of the autochthonous umits of the regions, the
Paleozoic ones consist primarily of clastics and
contain disconformities in the Ordovician, Middle
Devonian and Upper Carboniferous - Lower Permian
(Koyvliioglu, 1986). These units outcrop in the core
of two anticlines, the Bilyilk Zap Anticline and the
Cukurca Anticline, The Lower Carboniferous
carbonates which contain very rich fossil assemblages
of foraminifers, conodonts, algae, ostracods, brach-
iopods and echinoids also outcrop on the northern
flank of the Biiyitk Zap Anticline and on both sides
ol the Cukurca Anticline.

The Belek Formation, the subject of this paper,
was [irst mapped as a Carboniferous - Permian rock
unit by Altnh (1953), and was laler found 1o be
Carboniferous in age by Tiirkiinal (1953) through
the study of brachiopods. Its definition as the Belek
Formation was glven by Peringek (1980).

The Belek Formation in underlain
laterally transitional to the Koprili

by and
Formation
which consists of 200 meters of dark brown-black
siltstone with spiriferid brachiopods and bryozoans
in limestone intercalations. The Devonian - Carb-
oniferous boundary was assumed to be in these dark
siltstones (Janvier et al, 1984 and Sinanoglu, 1977).

The total thickness of the Belek Formation is
approximately 75 to 100 meters and, in  general,
consists of the levels with bhiomicrites and packed
biomicrites containing occasional occurrences of
pellets, It has very abundant macro _ and microfossil
remains, The formation was suggested to have been
deposited in a lagoon as a biostrome (Kovlioglu
and Erten, 1985).

The Belek Formation is disconformably overlain
by the Hazro Formation, a member of the Tanin
Group. The Hazre Formation contains guartz
arenites and is probably Murghabian in age (Koyli-
ofhu and Altiner, 198a),

FORAMINIFERAL BIOSTRATIGRAPHY

The local occurrences of the foraminiferal and
algal taxa found in the Belek Formation are given
in Figures 2, 3 and 4. Through the use of these
observations, 3 foraminiferal =zones  have been
established for the Hakkari region (Figure 5). The
correlation of these zones with those of Bozorgnia
(1973). Altiner (1981) and Isik (1981) of the adjacant
areas is difficult, most probably because of the
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Figure 5 : Foraminiferal =zonation established in
this study and its chronostratigraphic
interpretation,

Sekil 5 : Bu cahsmada tammlanan foraminifer zon-
lann ve raman-stratigrafik vorumu,

Upper Devonian - Lower Carboniferous transgressions
which are assumed to have affected the occurrences
of foraminiferal taxa by introducing terrigenous
material,

Zone 1

Recognized in the lowermost part of the Belek
Formation, this concurrent range zone is defined at
the base by the first cccurrence of Parathurammina
suleimanovi and at the top by the frist occurence
of Tetrataxis, The zone also contains Radiosphaera
sp., Calcisphaera sp., Diplosphaera sp., Asterosphaera
sp. (Plate 1), and the shell fragments of Bryozoa,
Brachiopoda, Crinoidea and Ostracoda,

The assumed eguivalent zone in Belgium and
Morthern France are based upon the species of
Chernyshinella and Tournayella (Conil et al, 1976),
and in the Iranian Alborz Mountains based upon
Earlandia minor (Bozorgnia, 1973), Isik's (1981}
epibole zone of Archaeosphaera minima in the No-
hutluk Formation in the vicinity of Aladag can be
interpreted to be the equivalent of this zone, Alt-
ner (1931) found Earlandla elegans and Girvanella
sp. in similar levels of the Eksimenlik Formation.
Obviously, the tournayellid and gquasi-endothyrid
fauna, upon which the zonal subdivisions are based
in Western Europe and Russia, have not been found
in the Belek Formation,
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Fone 2

The base of this zone is recognized by the first
occurrences of the species of Tetrataxis, The zone is
also characterized by Earlandia elegans, E. minor,
Endothyra bowmani, Diplosphaerina sp., Radlosphaera
sp., Calclsphaera sp., Elenia? sp. and shell fragments
of Pelecypoda, Crinoidea, Bryozoa and Ostracoda,

Zone 2 can be correlated with the Tetrataxis
Zone of Conil et al (1976) and with the Palaeospiro-
plectammina diversa Zone of Bozorgnia (1976), Tt
has been interpreted to be in Tn,; in this study.

Fore 3

This range zone is characterized by the occur
rences of Lapparentidiscus sp, and  Forschia sp.
(Plate 1, Figures 12 and 13}, The other taxa are
Earlandia minor, E, wvulgaris, Endothyra bowmani,
Lapparentidiscus sp., Brunsia sp,, Pseudoammodiscus
sp., Omphalotis sp., Tetrataxis sp., Diplosphaerina
sp., Eoiuberitina sp., Kamaena sp., and the shell
fragments of Echincidea, Crincidea, Bryvozoa and
Ostraceda,

In the Rejpardag and Samurdag sections within
the uppermost part of the Belek Formation, this
zone corresponds to the great — abundance and
diversity of foraminiferal taxa, It has been inter-
preted, in this study, that a major migration in the
Tethys in the Lower Visean was the main cause of
this epibole. This zone is not recognizeable in the
Belek Section most probably because of erosion.
The most commonly known characteristic for the
recognition of the base of the Visean Archaeodiscus
has not been found in the Belek Formation,

This zone is assumed to be in V1, or earlier
than V1, chronostratigraphically, It can be correlated
with Zone 3 established in the Azizive Gedigl For-
mation in Pinarbas1 (Altiner, 1981).

FORAMINIFERAL SYSTEMATICS

Unfortunately Identification and descriplion of
foraminiferal taxa at the species level has not been
possible extensively., The systematic subdivision is
by a neck, Wall is microgranular, Aperture is simple
and located at the end of the second chamber,
consideerd in accordance with Loeblich and Tappar
(1973),

Earlandia PLUMMER, 1935
Earlandia elegans (RAUSSER.CHERNOUSSOVA
and RETLINGER, 1937}

CEBECIOGLU, KOYLUOGLU

(Plate 1, Figure 1)

Deseription: Test is lubular ip form and made
up of two chambers. Proloculus is spherical and
with no subdivision. It is separated from the sccond
by a neck. Wall is microgranular, Aperture is simple
and located at the end of the second chamber,

Dimensions:

Length: 934 - 1000
Internal diameter: 46 - 52
Thickness of proloculus: 62

Stratigraphic occuwrrence: Tournasian  (Iran),
Iournasian - Visean (Belgium), Visean - Serpukhovian
(Eastern Taurids), Tournasian (Tn;) (Hakkari).

Earlandia minor (RAUSER-CHERNOUSSOVA,
(1948)
(Plate 1, Figure 2)

Description: Test has two chambers. The neck
between the two chambers is comspicous, First
chamber is spherical in outline and the second is
straight, Wall is microgranular, undulated slightly
and very thick. Dimensions are the averages of
E. vulgaris and E. elegans.

Dimensions:

Length: 1099 - 1400 13

Internal diameter: 155 - 173
Wall thickness: 46 - 5p
Proloculus diameter: 104 - 200 p

Stratigraphic occurrence: Visean (Russia and
France), Tournasian _ Visean (Iran and Belgium),
Visean - Serpukhovian (Eastern Taurids), Tourna-
slan - Visean (Hakkari).

Endothyra PHILLIPS, 1864
Endeihyra bowmani PHILLIPS, 1864
(Plate 1, Figure 14}

Description: It is the smallest form of Endothyra.
In equatorial section planispirally coiled. Chambers
are rectangular in shape. Thickening formed by
endoskeletal secretion is inconspicucus. Septa are
thick and their inclinations in the last whorl, Wall
is dark colored and microgranular, Aperture is
terminal and simple.

Dimensions:

Whorl number: 2}

Diameter: 280 - 340 g

Observed chamber number: 14 _ 17
Chamber number in last whorl: 7 - &
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Stratigraphic  Occurrence: Vi, - Moscowian
(Eastern Taurids), Tournasian (Tn,) . Visean (Hak-
kari),

CONCGDONT TAXONOMY

In this study the reconstruction of conodont
elements has not been possible due to the scarcity
of samples. Therefore, the conodont taxa are given
and discussed under the [orm species concept.
Repetitions descriptions and synonomy are avoided
and only remarkable points are discussed,

Apatognathus sp.
(Plate 2, Figure 20)

The specimens found are strongly curved and
denticles on either process are pointed inmward
unlike those of A, poreatus (Hinde), Fragmentation
contributes to the impossibility of species assignment
of forms.

Cavusgnathus convexis REXROAD
(Plate 2, Figure 7)

Single specimen found is very similar to the
holotype of Rexroad (1957), It is easily recognized
through the arch.shaped profile of the blade,
However. it has a wider basal opening laterally,

Cavusgnathus naviculus HINDE
(Plate 2, Figures 11 - 13)

Specimen is quite small, but well-preserved for
specific assignment. It is distinguished easily by the
ascending and abruptly terminating blade.

Cavusgnathus univornis YOUNGQUIST and
MILLER
(Palte 2, Figures & - 10

The mosi easily recognized, this species is
characterized by its prominent single cusp on the
blade,

Paragnathodus commutatus BRANSON

and MEHL
(Plate 2, Figure 18)

Specimens of this taxon are juvenile and quite
scarce, Assignment can be made on the basis of the
unornamented platform, Illustrated form is obviously
not effective in demonstrating morphology due to
imperfect preservation.

Gnathodus giriyi HASS
(Plate 2, Figures 14 - 17)

This species is the most abundant in the three
sections studied. Subspecies assipnments are not
given here, However illustrated forms are referable
to G. girtyi simplex of Dunn (1%5).

Hibbardella ortha REXROAD
(Plate 2, Figures 26)

Rexroad's (1958) holotvpe seems to have a wider
angle between the processes. Nevertheless  this
symmetrical vicarious element is assignable to this
form species.

Hindeodella sp.
{(Pate 2, Figure 23)

Fragmentation makes species assignment dif.
ficult. Form is similar to H. ibergensis of Bischoff
19573,

Mestognathus beckmanni BISCHOFF
{Plate 2, Figures 1 - 3)

Specimens have been assigned to this species on
the basis of a small basal opening, inward curvature
of the blade and a cusp.

Mestognathus sp.
(Plate 2, Figures 4 - 6)

This single form differs from M. heckmanni of
Bischoff by the lack of curvature in the blade which
also extends more anteriorly, Small basal opening
is the basis for generic assignment,

Neoprioniodus scitulus BRANSON
and MEHL
{Plate 2, Figure 24)

This form is also assignable to N. erectus of
Rexroad (1957) which has been considered to be a
variant of this peaked element in this paper.

Neoprioniedus sp.
(Plate 2, Figure 27)

This small form differs from N. scitulus of
Branson and Mehl by anteriorly oriented denticles
and posteriorly extended flange of basal opening,

Ozarkodina sp,
(Plate 2, Figure 23)

The form is juvenile and fragmeniary which
makes the specific assignment difficult,

Polygnathus sp, 1
(Plate 2, Figure 21)
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Small basal opening and leaf-like upper view
are the basis of generic assignment of this broken
specimen.

Polygnathus sp. 2
(Plate 2, Figure 220

This form differs from Polygnathus sp. 1 by
narrowing of platform anteriorly to form a rostrum.
The basis of generic assignment is the same as
above,

Anchignathodus cristuius YOUNGOUIST
and MILLER
(Plate 2, Figure 19)

It is characterized by the first anterior denticle
which iz the largest and by a wvery
cpening,

large basal

CONCDONT BIOSTRATIGRAPHY AND
CHRONOSTRATIGRAPHIC INFERENCES

In this stwdy a detailed biostratigraphic
zonation has not heen considered due o the
scarcity  of specimens, of the
occurrences of conodont taxa given in Figures 2, 3
and 4, with the zonations of similar faunas from
Eugope an North America, will suffice for the
purpose of this paper,

The correlation

Significant studies of European Carboniferous
conodont sequences have been given by  Bischoff
(19571, Voges (1959},  Meischner (1970}, Gedik
11974} (Germany), Manzoni (1986) {Italv), Rhodes
et al (1969}, Butler (1973) Higgins (1975), Higgins
and Varker (1982} (Great Britain), Higgins and
Bouckaert (19388), Conil et al (1973), Groessens et al
{19771 (Belgivm), Marks and Wensink (19707
{Spain) and Alridge et al {1968) (Ireland).

Similarly the Mississippian ccnodent  biosira-
tigraphy in WNorth America has been formed by the
studies of Hass (1933) Rexroad (1957, 1958 and 1981),
Rexroad and Collinson (1961), Rexroad and Burton
{1961), Rexroad and Furnish (1964), Rexroad and
Wicoil (1965), Dunn (1965 and 19700, Collinson et al
(19713, Tynan (19800 (USA), Globensky (1967) and
on Bitter and Plint-Geverl (1982) (Canada),

The conodont fauna found in the lower part of
the Belek Formation is of cavusgnathid-mestognathid

CEBECIOGLU, KOYLUOGLU

type, Butler (1973) and Conil et al (1973) placed the
Tournasian-Visean boundary at the hase of the
Additionally, the
ronations based upon the species of Cavusgnathus
include North American studies such as Collinson
et al (1962}, Globensky (1587), Tynan (1980) and
von Bitter and Plint-Gerberl (19382). In these studies
as well as in & more synthesized paper by Collinson

Mestognathus beckmanni  zone.

et al (1971} the earliest forms of Cavusgnathus
were shown to be no older than the St.  Louls
Formation in the type of the Mississippian section
in the U8, Accordingly, it may be concluded that
the lower part of the Belek  Formation, -which
contains the species of Cavusgnathus and Mestog-
nathus, is not older than the Visean.

In the upper part of the formation two conodont
taxa, Goathodus girtyi and Cavusgnathus naviculus,
have chronostratigraphic significance, G, girtyl was
first dezcribed in Norih America (Hass, 1953) and
also was reported in the Lower Carboniferous of
northwestern Germany (Bischoff, 1957), in Austria
(Flugel and Ziegler, 1957 and in the upper Visean
of France and Belgium (Sere and Lys, 1960). The
subspecies divisions of the species and their occcur-
rences were given by Rhodes et al (1969), Globensky
(12673, Dunn (1965) and more collectively by Tynan
(1980). According to these authors, this species is
restricted to the Upper Visean - Lower Namurian.
Furthermore, Cavusgnathus navicolus has  been
interpreted by Tynan (19800 to be the index fossil
of the Lower Namurian, Therefore, the uppermost
part of the Belek Formation can be interpreted to
be in the Lower Namurian,

CONCLUSIONS

The two biostratigraphic criteria based upon
Frominifera and Conodonta vield conflicting
chronostratigraphic  interpretations. The result
obtained from foraminifers are in agreement with
those of Janvier, Lethiers, Monod and Balkas
(1984} who based their interpretations on vertebrate
and ostracod taxa. Confronted with the Tournasian
(T, - Ty} and Visean (V) asslgnment of the
above authors, the conodont study gives a Visean -
Lower Mamurian age to the Belek Formation.,

Further study and more extensive sampling of
the above faunas are essential to the understanding
of the chronostratigraphic  relationships of the
Lower Carboniferous formations in the region.
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The conodont specimens found at every level of
the Belek Formation have been examined for Cono.
dont Alteration Index (CAI), the fundamentals and
application models of which were established by
Epstein, Epstein and Harris (1977). According to
the determinations, the color index of 5 and higher
has been found and suggests that the formation is
overly mature at the cites studied.
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PLATE I

Samurdag Section, B: Belek  Section, RD:
Rejgardag Section).

1

Lad

14 :

¢ Earlandia eclegans

: Earlandia minor

: Parathurammina  sulelmanowi

: Radiosphaera sp, X175,

: Diplosphaerina sp., X175,

: Pachysphaerina sp., X175,

: Tetrataxis sp., X170, SD495,

(RAUSER-CHERNO-.
USS0VA and RETLINGER) X145 SD4%4,
Tournasian (Tny).

(RAUSER-CHERNO-
USS0VA), K45, SD5M, Visean (V).

: Earlandia wvulgaris (RAUSER-CHEREMNO-

USS0OVA and RETLINGER), X70, RDSa5,
Visean (V1

LIPINA,
X173, BS76, Tournasian (Tn ).

: Calelsphaera sp., X175, B577, Tournasian.

5D493, Tourna-
sian.

SD48a, Tour-
naesian,

: Mendipsia sp., X175, B580, Tournasian,

SD491, Tour-
nasian.

Tournasian
(Tn,).

: Forschia sp., X100, SD865, Visean (V).
: Brunsia sp., X175, SD5M, Visean (V).

: Lapparentidiscus sp., X175, SD501, Visean

(V).

Endothyra bowmani
5D30, Visean (V).

(PHILLIPS), X130,

CEBECIOGLU, KOYLUOGLUY

LEVHA 1

(SD: Samurdag Kesiti, B: Belek Kesiti, RD: Rej.
pardag Kesiti),

kil

Sekil

Sekil

Sekil

Sekil
Sekil

Sekil

Sekil

Sekil

Selkil

Sekil
Selkil

Sekil

Sekil

1

10

¢ Earlandia elegans

¢ Earlandia minor

: Earlandia wulgaris

: Diplosphaerina sp., X175, SD48s,

: Lapparentidiscus sp., X175, SD501,

(RAUSER-CHERMNOUS-
SOVA ve RETLINGER), X145, SD4%4, Tus
naziyen (Tng),

(RAUSER-CHERNOUS.
SOVA), X45, SD3D1, Viziven (V,).

(BAUSER-CHERNO-

USSOVA ve RETLINGER), X70, RD8sS,
Viziyen (V)
; Parathurammina  suleimanovi LIPTMA,

X173, B576, Turnaziven {Tn,.).

: Calcisphaera sp., X175, B5T7, Turnaziven.

: Radiosphacra sp., X175, 5D493, Turnaziven,

Turna-
ZIVET.

¢ Mendipsia sp., X175, B380, Turnaziven,

: Pachysphaerina sp.,, X175, SD 491, Turna-

Ziyen.

: Tetrataxis sp., X175, SD495, Turnaziven.

¢ Forschia sp., X100, SDE4S, Viziyen (V)

» Brunsia sp., X175, SD301, Viziyen (V)

Vizi-
yen (V).

: Endothyra bowmani (PHILLIPS), X130,

SD50, Viziyen (V,),
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Figure 1.3

Figure 46

Figure 7

Figure

Figure 11-13 :

Figure 1417 ;

Figure 18

Figure 12

Figure 20
Figure 21
Figure 22
Figure 23

Figure 24

Figure 25
Figure 26

Figure 27

: Mestognathus beckmanni

¢ Mestognathus sp, RDS4E, upper,

: Cavusgnathus

B-10 :

: Anchignathodus cristUlus

: Neoprioniodus  scitulus

PLATE 1I

Magnification

BISCHOFF,
RD348, upper, side and lower views,

side
and lower views,

convexus REXROAD,
RDE52, upper view,

Cavusgnathus  unicornis YOUNG
QUIST and MILLER, BS575, upper,
sublateral and side views,

navicllus  (HINDE),
B383, upper, side and lower views.

Cavusgnathus

Gnathodus  girtyi
upper views,

HASS, 5D4%6, all

: Paragnathodos commutatus BRANSON

and MEHL, RD363, upper view,

YOUNG-
QUIST and MILLER, RDSEA3,
view,

side

: Apatognathus sp., SD491, front wview.
: Polygnathus sp, 1, RD340, upper view.
: Polygnathus sp. 2, RDE39, upper view.
: Hindeodella sp., RD83%, side viev.

{(BRANSON
and MEHL), RDE43 side view.

; ODzarkodina sp., SD491, side view,

: Hibbardella ortha REXROAD, RD848,

front view,

: Neoprioniodus sp, ED848, side wview.

Sekil 13

Sekil 46

Suekil

Sekil 11-13 :

Sekil 1417 :

Sekil 18

Sekil 19

Sekil 20
Seikil 21
Sekil 22
Sekil 23
Sekil 24

Sekil 25
Sekil 26

Sekil 27

¢ Mestognathus beckmanni

&1t :

: Neoprioniodus scitulus

: Hibbardella ortha

CEBECIOGLU, KOYLUOGLU

LEVHA II

Biiyiiime

BISCHOFF,
RDE43, Gist, van ve alt giriniis,

: Mestognathus sp., RDB4E, dist, yan wve
alt porinisg,
: Cavusgnathus  convexus  REXROAD,

RIE52, list giriniis.

Cavisgnathus unicomrnis YOUNGQUIST
ve MILLER, B575, iist, yaryan ve van
EOTLNS.

Cavusgnathus  naviculus
BE83, ist, van ve alt goriiniis,

(HINDE),

Gnathodus girtyi HASS, SD496, iist gd-
rimniisler.

: Paragnathodus commutalus BRANSON

vee MEHL, RDEGY, iist goriiniisg,

: Anchignathodus eristulus YOUNGOQUIST

ve MILLER, RD863, van giriniis,

: Apatognathus sp., SDM91, dn goriinds,
: Polygnathus sp. 1, RD84D, iist giriinds.
: Polygnathus sp, 2, RDE30, {ist giriiniis.

: Hindeodella sp., RDE3%, van poriinis,

{BRANSON ve
MEHL), RD848, van goriiniis,

: CFarkodina sp., SD491, van soriniis.

REXROAD, RDS40,
on  goriiniis.

: Neoprioniodus sp., RDE848, yan giriiniis.
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Geochemistry and Grigin Of The Emet Borate Deposits,
Western Turkey

EMET BORAT YATAKLARININ KOKENI VE JEOKIMYASI

Cahit HELVACI, Dokuz Eyliil Universitesi, Jeoloji Mithendisligi Boliimii, IZMIR.

ABSTRACT : The Emet borate deposits are considered to have formed in the muds of separate or
interconnected playe lakes, in areas of volcanic and seismic activity, fed partly by thermal springs and
partly by streams, under arid or semiarid climatic conditions, The borate minerals formed in two
geochemically distinet sedimentary basins and are interbedded with limestone, marls, volcanic {uffs
and clays,

The mineralogy and geochemistry of the deposits is unique among other Turkish borate deposits,
Colemanite predominates and cocurs in many different forms., Other borates include meverhofferite,
ulexite, probertite, tunellite, teruggite, cahnite, hydroboracite and veatchita-A. Calcite, dolomite, gypsum,
celestite, native sulphur, realgar and orpiment are the principal associated minerals, The Emet de-
posits are characterized by abundant Ca and B (colemanite), very low Na, poor Cl and relatively high
Mg, Sr, As and S concentrations compared with other borate deposits. Geochemical investigations
suggest that the most likely sources of B, As and 5 were from the Tertiary volcanic rocks and associa-
ted thermal springs.

The early colemanite, meyerhofferite, ulexite and teruggite nodules were probably formed di-
rectly from interstitial brines penecontemporaneously within the unconsolidated sediments below the
sediment /fwater interface, and continued to grow as the sediments were compacted. Tunellite appears
to have formed during diagenesis with enrichment of strontium in some places, Later generations of
colemanite occur in vugs, veins and as fibrous margins to colemanite nodules. Diagenetic changes
include the partial replacement of colemanite by veatchite A, cahnite, hyvdroboracite and calcite.

OZ : Emet borat yataklar:, kurak veya yari kurak iklim Yosullarinda, kismen sicak su kaynaklan kismen
de viizey sularvla beslenen, volkanik ve sismik bakimdan aktik bir sahada gelismis ayrik veva birbir-
leriyle baglantih olabilen playa géllerindeki gamurlarn iginde olusmuslardir, Bor mineralleri jeokimya-
sal bakimdan ki farkh havzada c¢ikelmistir; kirectasy, marn, volkanik tiif ve Iillerle arakatlalidir,

Yataklarin mineralojisi ve jeokimyasi, Tiirkive'deki difer borat yataklarmnkinden belirgin sekil
de ayirtlamir. Kolemanit defisik sekillerde egemen hilesen olarak yeralir. Difier boratlar meyerhofferirt,
iileksit, probertit, timelit, terujit, kahnit, hidroborasit ve vigit-A'vi kapsar. Kalsit, dolomit, jips, sfles-
tin, elementer kiikiirt, realgar ve orpiment borat olmayan ana minerallerdir, Diger borat vataklaryla
kargilagtinldifinda, Emet borat yataklan yitksek Ca ve B (kolemanit), cok az Na, Cl bakimmdan faldir
ve bafl olarak yitksek Mg, Sr, As ve S konsantrasyonlar: ile belirlenirler. Jeokimyasal arastirmalar.
B, As ve S i¢in olasibkh kaynaklarin Tersiver volkanik kayalan ve onlarla iliskili sicak sularim oldu-
gunu ortava koyar,



{lk kolemanit, meyerhofferit, iileksit ve terujit
peklesmemis tortullarin iginde, tortullagmayla yasit
Yumrular, tortullarin peklesmesine paralel olarak
rasinda baz kesimlerde stronsiyum zenginlesmesi
sumlari, bosluklarda, damarlarda ve kolemanit yum
gor diyajenetik degismeler wvigit-A, kahnit, hidrobo
tin yerini almalarm igerir.

HELVACI

yumrulari, olasiikla tortul/su arayiizeyinin altinda,
olarak degrudan dofruya gizeltilerden olusmustur.
bilylimelerini stirdiirmiiglerdir, Tiinelit, diyajenez s
somicu olmsmustur, Kolemanitin daha sonraki olu-
rularmun kenarlarinda lifimsi gekilde gizlenir. Di-
rasit ve kalsit minerallerinin versel clarak kolemani-

Introducition

The Emet borate deposits are located in the
middle of the known borate deposits of Western

Anatolia, The Emet district includes Palaeozoic

metamorphic rocks intruded by granite, and |

overlying Tertiary  sediments containing  borate
deposits, and associated volcanic rocks (Gawlik,
1954; Ozpeker, 1969 Helvaci and Firman, 1976; Hel-
vact, 1977, 1984 and 198&),

Field and stratigraphical evidence suggest that
the Emet borate deposits were formed in two
separate sedimentary basins, northern and southern,
possibly part of a chain of interconnected lacustrine
playa lakes, elongated in & northsouth direction and
limited on the east and west by the hasement
metamorphic complex. The borates are interbedded
with limestones, marls, tuffs, tuffites and clays,
which appear to have been drived mostly from a
volcanic terrain (Helvac: and Firman, 1998; Helvacr,
1977). The sediments in both basins are similar but
are wery much thicker in the northern basin, Espey-
Killik area (Fig 1), Although the interbedded
sediments are indistinguishable, the borates show
mineralogical (Helvacn and Firman, 1976) and
geochemical fesatures in the two basins whichare
sufficiently different to suggest that the chemical
compositions of ground and surface waters in the
two basins differed, at least from time to time.

Thermal springs, which at present  deposit
travertine and sulphur, are believed to have played
a important role during the deposition of borates.
They were related to the extensive volcanic activity
during the existence of the borate playa lakes at
Emet. The initial brines from which the borates
crystallized are deduced fo have been high in sulphite
and sulphate, low in chloride, and hence it is asswmed
that the initial brines were fed at all times by
abutidant calefum and boron with minor amounts
of arsenic, strontium and sulphur (Helvac:, 1977 and
1984,

The mineralogy and geochemistry of the Emet
deposits make them unique among the Turkish borate
deposits, which chiefly contain colemanite and minor
ulexite and hydroboracite. In addition, meyerhofferite,
veatchiteeA,  tunellite, teruggite and cahnite occur
sporadically. Occurrences of rare borate minerals in
the Emet borate deposits, veatchite-A,  tunellite,
teruggite and cahnite, were discussed by Helvac
(1984), Calcite, gypsum, celestite, native sulphur,
realgar and orpiment are the principal non-borates.
Montmorillonite, illite and chlorite are the only clay
mineral groups identified; montmorillonite is the
dominant mineral in all the samples studied.

This paper presents major- and trace-element
analyses of the colemanites and other borates, amd
attempts to define both the relationships between
these colemanites and- associated minerals, and - the
origin and diagenesis of the borates.

Analytical Methods

All samples were bulk mine samples collected
from open pits in the Hisarcik and Derekéy region,
in the underground workings of the Espey and Kil
lik mines, and several other sections along the
borate zonme, Borate minerals were determined by
direct-recording X-ray diffractometer analyses, using
standard powder and orlented sample techniques.

B Ca, Mg, Na and Sr were determined by the
atomic absorption. The other major and trace
elements were determined by X-Ray
analyses of pressed-powder pellets deseribed by Leake
et al (1969), All samples were run in duplicate,

Fluoresence

USGS reference samples DTS.1, BCR-1, PCCA,
GSP-1, G2 and AGV.1l, and departmental standards
{Gypsum-1802 and Colemanite-1013) were used as the
standards’ for calibration. Details of analytical met-
hods and precisions were presented  elsewhere
(Leake et al., 1969; Harvey et al, 1973; Aljubouri,
1972; Helvaci, 1977).
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GEOCHEMISTREY AND ORIGIN OF THE EMET BORATE DEPOSITS
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Chemistry

Summary statistics and correlation matrices of
the analyses were only carried out for the calcium
borate (colemanite), This was because over &0 04
of the samples analysed were colemanite which
also comprises over 95 U4 of the deposits. The other
minerals variable in mineralogy are sporadic in
occurrence, and hence do not  provide a wvalid
population for statistical analysis, Summary statistics
of the chemical analyses for colemanite from the
southern area (Hisarcik-Derek&y) and the northern
area (Espey-Killik} are given separately, and
correlation matrices of elements for the colemanite
population from both areas is done together.

Element distributions, variations and correlations
of colemanite samples are discussed in the light of
summary statistics oft he chemical analyses (Tab
l= 1 and 2), and the correlation matrices of co
lemanite cample populations (Table 3). The chemical
analyses for individual samples of colemanite and
other borates are given in Tables 4 and 5 respecti.
vely. Major element variatons with depth in  the
southern area (Hisarcik) were given in Fig. 2.

Fig. 2. Major oxide and mineral assemblages
variations with dept in the southern area
(Sartkaya section, Hisarcik deposit).

Sekil 2. Giineydeki borat bilgesinde, ana oksitle-
rin ve mineral topluluklarinin  derinlik
ile defisimi (Sartkaya kesiti, Hisarcik
vatag ),

Colemanite is a member of the Ca borates series
in the Cal-B,0-H,0 system. Although it can be of
very high purity, natural specimens of colemanite
always contain small amounts of clay and other
minerals, Besides B0, Ca0 and H;0, colemanite
contains minor and trace amounts of other elements
which usually occur in the following ways: (1) in
isomorphous substitution for Ca, (2) precipitation
with calcium borate (colemanite) as evaporite mi-
nerals, and (3) from contaminations and fractions of
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clay and tuff sediments within calcium borate de
posit. In this mannmer all the major and trace
elements of clays, tuffs and carbonates are expected
to be present in small amounts in colemanite and
other borates.

Interelement correlations

B0, Ca0 and H,0 contents of colemanite in
the northern area (Espey-Killik) are very similar 1o
those in the southern area (Hisarcik-Derekoy), but
the H,O content on average is slightly lower, The
means of B0, CaD and H,0 for both areas arc
slightly lower than the theoretical values for co-
lemanite (Tables 1 and 2). The differences are caused
by greater clay fractions and trace elements to
lesser extent. The ratio of CaO: B,0, is 051 for
both the northern and southern areas, which is
close to the theoretical value of 0.534.

B,0, Ca0 and H,0 oxides of colemanite samples
are strongly positively correlated with each other
(Table 3; Figs. 3, 4 and 5). When these three oxides
are plotted against each other, some sample fall
along the theoretical line for colemanite, although
there are some departures from the theoretically
expected proportions, which needs to be explained.
In almost all samples the Ca(: B,0, ratio is low
(Fig. 3) ecither because of an excess of B,O; or a
deficiency of Ca0.B,0,:H,0 and Ca0:H,0 ratios are
also high and low respectively for both the southern
and northern areas (Figs. 4 and 5). The average
compositions and oxide ratios of colemanite from
the southern and northern areas in the Emet deposits
are given in Table 6 with the theoretical compo-
sitions and oxide ratios of inyoite, meverhofferite
and colemanite, Possible reasons for the scattering
in the plotts are: (1) adsorption of boron on included
clays, (2) substitution of elements such as Mg, Sr,
As and Ba for Ca in the colemanite lattice, (3)
presence of borates other than colemanite, such as
hydroboracite, teruggite, cahnite, veatchite-A, tu
nellite,

Field and petrographic observations (Helvaci,
1977) with X-ray diffraction analyses, montmorillonite
and illite are Ffound to be associated with the
borates. It is well established that illite adsorbs
boron up to 1 % B0, (Emst, 1970; Braitsch, 1971),
Boron is usually adsorbed on the illite rather than
precipitated as borate in the illite facies. In the
Emet deposits, illite is less common than maont-
morillonite and therefore the adsorption of boron
is limited. However, the clay mineral content of
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these colemanite samples, estimated from the Al
figures, has a maximum of about 2.7 %; clay in the
Hisarcik Derekiy area, and 9.3 9% clay in the Espey-
killik area. Thus, even if all the included clays
were illite, only up to 0.087 % B.O, at Hisarcik and
0.30 %y B,O, in the nothern area could conceveably
be adsorbed in clay minerals, These small amounts
do not account for the excess of B0, over that
required to from colemanite shown by Fig. 3.
Therefore it is considered that adsorption of B by
illite is an insignificant factor in explaining the
scatter in the correlation diagrams.

Substitution of Mg, Sr, Ba and As elements for
Ca in the colemanite lattice could cause the low
Ca0: B0, ratio in the B,0, versus Ca0 diagram
(Fig. 3). Although Mg, Sr, and As are present in the
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Fig. 3. B,04Ca0 variation for Emet colemanites.
Sekil 3. Emet kolemanitlerinin B,0,CO degisimleri,

colemanite analyses, B,0,, Ca0 and H,0 arc nega-
tively correlated with these and show only a weak
correlation with Ba in the colemanite correlation
matrices (Table 3). Means of 145 o, MgO, 144 1
Sr0 above and 1.85 0p MgO, 1.28 %5 SrO below the
theoretical line for colemanite have been ohserved
on the B,0; and H,O0 diagram (Fig. 4). When
Ca0+Mg0+5r0 mol. proportions are plotted versus
B0, mol. proportion {Fig. 6), most of the points
move to the right hand side of the theoretica] line
for colemanite, This implies that there is sufficient
Mg and Sr in the samples to fully explain the low
Ca0: B,0, ratios (Fig. 3) by postulating replacement
of Cat++ by Sr++ and Mg++ in the colemanite
lattice. However, if this was the complete expla-
nation, the B,0,:H.O ratios should be constant after
allowing for the H,0 in the small amounts of clay

minerals present. The wide scatter of B,0,:H,0 plots
(Fig. 4) strongly suggests that borates other than
colemanite occur in the samples analysed. Meyer-
hofferite, hydroboracite, ulexite, teruggite, cahnite,
veatchite A and tunellite associated with colemanite
could easily alter the Ca(: B,0,, B;0; H,0 and
Ca(:H,0 ratios and would couse scattering in the
correlation diagrams (Figs. 3, 4 and 5).

The possibility that the more hydrous forms of
Caborate (ie. inyoite and meyerhofferite) occur
has been considered. Ca0: B,0, ratios in the inyoite-

“l
nL
-
-
-
&
=" | i e - "
-
L3 - b
-
- K Lo ] -
E. * L] - 1"
i - -
; sl - & ‘ Ak W -
;. - - %
&
ek - Thesretical (nme dor colemanity -
Theeretical eolemanite -
& Somple frpm Espey « Killik -
ol Sample from Msargik .
-
-0 i " M
w 1] w F -] n ;! a 24

Wyl W, By —=

Fig. 4. B,0/H,0 scatter plot for Emet colemanites.
Sekil 4. Emet kolemanitlerinin B,0,H,0 dafimk
degigimlerd,

meyerhofferite-colemanite serles are the same (9.54),
but the B,0:H,0 and CaO:H,0 ratios differ.
Departures from the theoretical ratios for colemanite
might be explained by postulating small amounts
of included inyoite and/or meyerhofferite. Fig. 4
shows that 16 of the 5% colemanite samples have
excess water over that required in colemanite. Of
these, 5 lie so close to the theoretical B,0,:H,0 ratio
that the discrepancy is most probabyl due
to clay minerals. Of the remaining 11, none
show decreases in both the B0, : HiO ratio
and the Ca0:H,0 ratio consistent with inyoite and/
or meyerhofferite contaminants, and a decrease in
CaD as well as an addition of -water is implied.
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Therefore it is concluded that the scattering in the
correlation diagrams is not due to the presence of
more hydrous forms of Ca-borates, Althought the
negligible amount of meverhofferite was identified,
no inyoite was detected in the Emet borate deposits.

On Fioc. 3 most of the points plotted for the
B0, and Ca0 wvalues of the celemanite analyscs
appear to fall slightly above the theoretical line
for colemanite and the Ca0: B,0, ratlo is low. This
can be explained by the presence of hydroboracite,
ulexite and teruggite minerals, which are commonly
associated with colemanite in the deposits and ha.
ve less CaO and high By, in their compositions.
Asscclation of these minerals with colemanite can
eazily alter the Cal:B,0, ration fawour of B,0,.

On Fig. 4, although most points plotted for the
B,0; and H,0 values fall above the theoretical line
for colemanite, there are also some points below
the line. Thus, some samples have high B;0;H,0
ratios and some have low B,0.:H,0 ratios. The high
B,GyH,O ratio is probably due to the presence of
adsorbed boron in clay fraction, veatchite-A and
tunellite associated with colemanite, whereas the
low B,0.H,0 ratio is due to the association of
hydroboracite, teruggite and cahnite minerals, which
have relatively more water compared with boron
in their chemical compositions.

Similarly the high Ca0:H,0  ratios can De
explained by the presence of cahnite, calcite and
gypsum minerals, and the low Ca0:H,0 ratios by
the presence of other borates such as hydroboracite,
ulexite, teruggite and tunellite minerals, which are
characterised by high water and low calcivm contents

in their compositions (Fig. 53,

In conclusion, scattering of the B.0,, Ca0 and
H,O0 plots in the diagrams is mainly due to the
presence of other borate minerals associated with
the colemanite and not to the other possible causes
mentioned above,

Mg, MNa, Sr, As and S elements are presented
both in the evaporite phase and the clay fractions.
They are strongly correlated with each other, but
negatively correlated with the oxides of colemanite
and weakly with the clay fraction elements. Mi-
neralogical observations and correlation
show that some of these elements are not detrital,
but chemically precipitated, such as secondary
borates, sulphates, sulphides and native elements.
The high concentration of these eclements in the
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Fig. 5. CaO-H,O scatter plot for Emet colomanites.
Sekil 5. Emet kolemanitlerinin CaO-H,0 dagimk
degisimleri.

colemanite analyses {Tables 1, 2 and 4) is due to the
presence of minerals associated with  colemanite
which contain thesze elements (Table 3). The average
Mg, Sr, As and 5 contents of colemanite of the sout-
hern and northern areas are shown on Table 1
and 2 respectively. The correlations between these
elements and boron are also shown on Figs 7 to 11

A considerable proportion of Si, Al, Ti, Fe, K,
Mn, and P elements represent clay and tulf impurities
within the calcium borate deposits (Tables 1, 2 and
4), These elements are strongly positively correlated
with each other, whereas they are negatively
correlated with the major oxides of colemanite
{B,0,, Ca0 and H,0), indicating that these elements
are present in the clay fractions (montmorillonite
and illite) of colemanite samples (Table 3),

The average contents of Cl, Cu and Ce elements
in colemanite analyses (in ppm) are extremely low
and very close to their detection limits. Their con-
centrations in the colemanite samples from the
southern and northern area are given in Tables 1
and 2, and these elements are evenly distributed
throughout the Emet colemanite deposits (Tables
4 amd 5). These trace elements are strongly correla-
ted with the oxides of clay fractions of colemanite,
whereas they are negatively correlated with the
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major cxides of colemanite, indicating that thesc
clements are mainly concentrated and adsorbed om
the clay fraction minerals (Table 3),

The average contents of Br and Ba elements
for the colemanite analyses are very low and below
their detection limits (Table 1 and 2). In the cor
relatlon matrices of colemanite analyses (Table 3),
these elements are positively correlated with the
oxides of B,0; Cal and H,0, whereas the show
negative correlation with the oxides of clay frac
tions of colemanite, suggesting that the negligible
amiunt of Ba is in isomorphous substitutiom or
probably is replacing Ca in the evaporite fractica.

Interpretation of chemisiry

The Emet borate deposits are characterized by
high Ca—borate (colemanite), very low Na and
relatively high Mg, Sr, As and 5 concentrations
compared with the other borate deposits (Helvac
and Firman, 1976; Helvac:, 1977). Also the chemical
analyses of the colemanite and other borate samples
from the southern and northern areas indicate that
there are several differences between the two areas
as well as different mineral assemblages (Helvac,
1977 and 1984), Those samples from the southern
area have on average more Mg, Sr and As, whereas
the content of H,0 and K is higher in the northern
area (Tables 1 and 2; Fig. 6).
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Fig. 6. B,0, mol. proportion versus CaO+MgO+Sr0
mol. proportion plot for Emet colemasite
samples.

Sekil 6. Emet kolemanit &rneklerinin B0, mol
oranlarinn Ca0-+MgO+5r0  toplam mol
oranlarma karst degisimleri.

B,0, Ca0, H,0, Mg0O S5r0, Si0, and
ALO; make up the bulk of the analysed samples
(95 %4 and above). B0, Ca0 and H,0 are mainly
restricted to the borate minerals, mainly colemanite.
Si, Al, Ti, Mg, K, Mn and P are represented in the
clay fractions of the samples. Mg, Na, Sr, As and §
are represented both in the evaporite and in the
clay Ffractions, but mainly in the latter, During
diagenesis, some of these elements are transferred
to the borate structure by base exchange, resulting
in the formation of some diagenetic borate and non-
borate minerals such as hydroboracite, veatchite-A,
tunellite and cahnite (Helvaci, 1984).
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Fig. 7. B,0, versus MgO correlation diagram in
Emet colemanites,
Sekil 7. Emet kolemanitlerinin B,0, ile Mg0O kore-

lasyon diyagrami.

Most of the trace elements in the colemanite
samples are in the clay mineral fractions, These
trace elements are either adsorbed on the clay
minerals or within their crystal lattices in the clay
fractions of the colemanite. Small amounts of Br,
and Ba are included in the evaporite minerals and
Ba is probably in isomorphous substitution for Ca.
All the trace elements show a strong  positive
correlation with $i0; and ALQ,, indicating their
presence in the clay fractions rather than in the
colemanites. Elements grouping in one portion of
the samples, in defrital or evaporite minerals, show
positive correlation amongst themselves (Table 3).

Borate minerals are characterised by relatively
high concentrations of As, Sr and S (Tables 1, 2, 4
and 5). These elements were chemically precipitated
from brines, mainly as sulphides and  sulphates,
which may have been partly derived from thermal
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springs located adjacent to the borate
(Helvaci, 1977, 1984 and 1988).

deposits

Thers are strong positive correlations between
the pairs of major exides B,0,.CaD, B,0.-HO,
CaO-H,0 and negative correlations between pairs
B,0;Na,0, BB,0,Mg0, B,0.Sr0, CaD-Na,0, CaC-
MgO, Ca0-5r0 (Table 3). No other elements were
found to show a strong positive correlation with
B,0; and Ca0, This proves that B,O, and Ca0O were
represented in borate minerals and the unusually
high concentrations of B and Ca in the brines which
gave rise to the colemanite precipitation in the
deposits. It can be concluded from the correlation
coefficients for B,0,Ca0 (positive) and B,0:Na,0
(negative) that the Emet deposits are Caborate
{colemanite) dominant (Table 3: Figs, 3 and 8).
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Fig. 8 B,0, versus Na,0 correlation disgram in
Emet colemanite samples,

Sekil 8. Emet kolemanit &roneklerinin B,0; ile
Na,0 korelasyon diyagram,

There is much geological and  mineralogical
evidence to show that secondary alterations played
an important rele in the modification of chemical
variation within the deposits (Helvac: and Firman,
1976; Helvaci, 1977), Hydroboracite, veatchite-A and
cahnite developed from colemanite are good example
of this process (Helvaci, 1984). Boron is enriched
relative to calcium due to partial replacement of
colemanite by other borates during the diagenesis
{Helvac:, 1984),

Colour variations in colemanite and other borates

Although most of the borates are either white
or colourless, they often appear blue, orange and
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Fig. 9. B0, versus S5r0 correlation diagram in
Emet colemanites.

Sekil 9. Emet kolemanitlerinin B0, ile Sr0 kore
lasyon diyvagrama.

vellow colours in the Emet borate deposits. These
observed colours in borate minerals cannot always
be attributed to the presence of impurities, such as
clay or iron oxide, since these components are
present in very small amounts to account for the
observed colours, Amongst the possible reasons for
the colouring in the borates are: (1) presence of
Cl in borates, (2) presence of excess iron oxide in
borates, (3) presence of clay impurities in borates,
(4) association of celestite with borates, and (5)
association of realgar, orpiment and native sulphur
with borates in the Emet deposits.

In the present study, it is found that the average
chlorine content of colemanite from the Espey-Killik
area (165 ppm) is slightey higher than that of
colemanite from Hisarcik area (132 ppm), and both
are below the detection limit of chlorine (Tables 1
and 2). Therefore it is concluded that the chlorine
content of borate samples is  insignificant and
insufficient to colour the samples,

In the colemanite analyses iron is fixed in the
clay minerals beacuse of its strong correlation with
the major constituents of the clay fraction (Tablo 3).
The clay and tuff fractions associated with borates
are mainly green or grey in colour. This implies that
the concentration of iron is not sufficient to colour
the borates, Thus the observed colours of borates
are mainly blue and orangewvellow but not brown.
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Although the borate minerals are usually pure
and have very few impurities, they often contain
clay fractions and residual minerals, The clay mi-
nerals content of the colemanite samples  have
been caleulated as a4 maximum of about 2.7 % clay
in the Hisarcik area and 93 % clay in the Espey.
Killik area, This suggests that the clay impurities
could change the colour of borates to green or grey,
although pure borates can tolerate relatively large
amounts of green clay before beginning to change
to a green colour.

L
.
W}
*I
g - . « Aampls from Espey - Hillik
4 pat -
I : i - . Sample from Misercik
Loas a
J b
a? L
z o
o a0
i3
]
as
E 1 " i i -
“o [ 3] 1 (1] T

Ragly Wi U

Fig. 10. B,0, versus As,0, cOorrelation diagram for
Emet colemanite samples,
Sekil 10, Emet kolemanit &rneklerinin B0, ile
As,0; korelasyon diyagram,

The association of celestite, As-sulphides and
native sulphur with borates has been studied in
detail in order to find out how they effect the
colouring of the borates. The average content of Sr,
As and S of colemanite samples from the southern
and northern area given in Tables 1 and 2. When
the imdividual coloured colemanites are examined,
it iz ohserved that those blue coloured colomanite
samples such as 8 in Table 4 contain more than the
average of SrD and S03 concentrations (Table 4),
and those of crangevellow coloured samples such
as 2 in Table 4 have higher As and Sr concentrations
compared with the average values (Tables 1, 2 and 4).

It has been proved by X-ray diffraction analyses
that often colemanite and other borates contain
certain amounts of celestite, realgar, orpiment and
mative sulphur, Sample number 8 in Table 4, which
is blue colemanite, is mixed with solid inclusions of
celestite which occurs usually blue in colour; its
association with borates can play an important role
in effecting the colour of borates. Some samples

such as 2 in Table 4, which is orange-vellow coloured
colemanite, is associated with solid
realgar and orpiment. Realger and orpiment arc
also observed in the colemanite crystals as wides.
pread spots by the microscope studies {Helvact,
19847,

inclusions of

It has been concluded that the association of
iron oxide, clay, sulphate and sulphide
effect or change the colour of colemanite and
associated borates, especially high concentrations
of celestite, realgar, orpiment and native sulphur.
The blue colour of colemanite and other borates is
a result of solid inclusions of celestite; the orange-
yellow colour is due to solid inclusions of realgar,
orpiment and native sulphur.

minerals
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Fig. 11. B,0, versus S0, correlation diagram for
Emet colemanite samples.

Sekil 11. Emet kolemanit Smmeklerinin B,0, ile S0,

korelasyon diyagrami.

Origin and Diagenesis of the Deposits
Mineral phases formed penecontemporaneously
with the clastic sediments

Colemanite occours in  many different forms
such as nodular, massive, disseminated crystals,
fibrous layers, thin layers and wvugh fillings (Helvac
and Firman, 1974%; Helvaci, 1977), Nodular forms
(Fig. 12} massive granular and disseminated crystals
in clay matrix (Fig, 13} have been considered as
early formed colemanite (Helvact and Firman, 1978},
Vugh fillings, fibrous (Figs. 12 and 14), and thin
layers of colemanite are believed to be late diagenesis
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Fig. 12. Colemanite nodule showing radiating crys.
tals, which are curved towards the edge,
and fibrous crystals at the edge of the
nodule, Espey underground mine, nothermn
ares,

Sekil 12. Merkezde 15:msal kristaller dis kenarlara
dogru kivrlmis ve nodill kenarnda lifim.
si kristaller sunan kolemanit nodiilii, ku-
zey hilgedeki Espey Kapali isletmesi,

products. Different forms of colemanite are often
found to appear together in the same colemanite
ncpduIv_& {(Helvaca and Firman, 1976; Helvac: 1984),

Helvacl and Firman (1976) argued that this early
formed colemanite was deposited penecontempora-
neously with the unconsolidated sediments. It is
likely that it was formed within the clays and tuffs
below the sediment/water interface and probably
continued to grow as the sediments were compacied
(Fig. 13). Whether early formed colemanite was
formed by the breakdown of ulexite suggested by
Foshag {1921), Noble (1926), and Ozpeker (1969);
or by the dehydration of inyoite or meyerhofferite
proposed by Rogers  (1919), Hanshaw (1963), Christ
et al; (1967), Christ (1972}, and Inan (1973); or by
direct precipitation from solution as concluded by
Nikolaev and Chelishcheva (1940), Kurnakova and
Nikolaevy (1948), Bowser and Dickson (1963), and
Bowser (1965), is problematical.

The genesis of colemanite by the breakdown of
ulexite was suggested by Foshag (1921} for deposits
in Calofornia, but does not appear to be applicable
to the Emet Valley colemanite for the following
reasons: wlexite is rare even in the northern area
(Espey-Killik); nowhere is colemanite found inter
‘grown with or apparently replacing ulexite; nowhere
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have cores of colemanite been found in indurated
masses of «cotton ball» ulexite as at Kramer, Cali-
fornia (Bowser, 1965; Bowser and Dickson, 1966);
colemanite and ulexite always occur as
nodules; interbedded clays at Emet are  notably
defficient in Ma+ (Helvaci, 1984) and not enriched
as they theoretically should have been if the follo-
wing chemical reaction, suggested by Ozpeker (1969),
took place by base exchange between ulexite and
the clays

seperate

3NaCa[ BJO,(OH),] . H,0+2Ca++ =
{ulexite)
iCa[B;0,(0H),] - H,0+3Na++H+
(Colemanite)

Interbedded sediments and borates at Emet are
notably deficient in both Na and Cl, and not enriched
as they theoretically should have been if the fol-
lowing chemical reaction, suggested by Foshag
(1921) and postulated to occur at temperature
above 70°C, by Kemp (1958), in the presence of
percolating sodium chloride colutions,

2NaCaB,0,. 8H,0+AQ =
(ulexte) _
Ca,B,0,,. SH,0 + [Na,B,0,] Aq

{Colemanite)

Fig. 13. Radiating groupsof colemanite crystals in
clay, a common occurrence of colemanite

throughout the deposits, Derekily deposit,
southern area.

Sekil 13. Kil iginde kolemanit kristallerinin 15msal
gruplari, yataklarnn her tarafinda sikga
bulunan sekli, Giiney bolgesindeki Dere-
kiy yatagi.
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Fig. 14. Massive colemanite surrounded by the layer
montmorillonitic
Espey

of fibrous colemanite,
clay associated with colemanite,

underground mine, northern area.

Sekil 14, Lifimsi kolemanit

masiv kolemanit,

sevivelerivle sarilmig
montmorillonitily kil
kolemanite eslik eder, Kuzey bilgedeki

Espey Kapali Isletmesi,

Suggestions that alteration of ulexite leads to
the formation of the mineral pair colemanite and
borax is inapplicable to the Emet area, where neither
borax or any other Nabearing mineral other than
negligable ulexite occurs.

Alternative suggestions concerning the genesis
of colemanite are equally difficult to substantiate.
Metasomatic replacement of limestone (Gale, 1913)
is improbable since the colemanite beds do not pass
laterally into limestone nodules and no partially
altered limestones have been found (Helvac, 1977)

Petrographic evidence from Death Valley, Ca-
lifornia (Rogers, 1919), suggest that the higher
hydrate inyocite (Ca[B,0,(0H),]. 4H,0) was the
first formed Ca borate mineral, which en burial
and diagenesis was dehydrated to the denser me-
verhofferite or more commonly to colemanite, The
presence of drusy cavities (Fig. 15), often containing
water, and of rare septarian cracks, filled with a
clear colemanite (Helvact and Firman, 1976; Fig. 16),
suggest that reduction in volume has occurred in
some colemanite nodules, However, no inyolte has
been found in the Emet district and no pseudomorphs
of colemanite after inyoite have been  recorded
(Gawlik, 1956; -Ozpeker, 1969; Helvacl, 1974, 1977;

Helvact and Firman, 1976); shrinkage cracks and
drusy cavities need mot be due to dehydration of
inyoite, Also Bowser and Dickson (1966} concluded
that the colemanite in those nodules I[rom the
Kramer deposit, which are similar to those from
Emet, apparently grew from solution in unconsoli
dated sediments and need not have formed by
alteration of pre-existing ulexite or dehydration of
inyoite. Whether inycite was ever formed at Emet
remains an open guestiom.

Experimental study

Inyoite is the only Ca borate mineral found in
modern deposits (Muessig, 1966) and experimental
work by Inan, Dunham and Esson (1973) showed
that pressure is required to form colemanite. At
1 atmosphere and below 38°C in their experiments,
inyoite was the stable Ca borate mineral in contact
with calcium borate solutions and above 380C it
transformed to meyerhofferite and not to cole
manite At 500 atmospheres and 38°C inyoite was
replaced by colemanite +H,0. Although they did
not establish the threshold conditions for this
reaction, their work implies that colemanite will
not form at the pressures found in shallow lakes
or unconsolidated playa lake muds. Thus many

Fig 15. Colemanite nodule containing wugh in the
centre, Espey underground mine, northern
area.

Sekil 15. Merkezinde bosluk iceren kolemanit no-
diilii, kuzey bolgedeki Espey Kapal slet-
mesi. . ;
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Fig. 16. Colemanite nodule containing vugh in the
centre, filled with a core of granular
colemanite, Espey underground mine,
northern area,

Sekil 16, Iri Sezbicimli kolemanit ile doldurulmus
kolemanit nodiiliiniin merkezindeki bos-
luk, Kuzey Bélgedeki Espey Kapali Islet-
mesi.

strands of evidence from Ffield-work, petrology and
experiments indicate that colemanite forms by
diagenetic replacement of invoite on burial, or
directly from calcium borate solutions above 38°C
under comparatively high pressures during post
depositional mineralisation (Inan, et al., 1973),

If inyoite has been replaced by colemanite at
Emet, the replacement has been remarkably comp-
lete, since in spite of the most diligent search (Hel-
vaci, 1977) no relics or pseudomorphs of invoite
have been found. Could it be that notwithstanding
the experimental evidence colemanite did form as a
primary mineral in physica-chemical conditions not
yet defined or experimentally investigated? As Christ
{1972) stated, the hvdrated calcium borates form a
more complex series thapy do the sodium borates,
and experimental physical-chemical data  should
prove correspondingly more revealing for an
understanding of the behaviour of hydrated minerals
in general. Such an experimentel study would he
difficult. Unlike the sodium borates, the calcium
borates are relatively insoluble in water, and for
this and possibly other reasons, the crystalline
solids and agueous solution are mot readily brought
inte equilibrium., The Emet borate zones are cha-
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racterised by relatively high arsenic and strontiom
contents and the effect of these elements on  the
crystallisation of the Ca borates is unknown., Si
milarly the effects o low partial pressures of H,0
have yet to be investigated.

In the present study preliminary experiments
have shown that colemanite and calcite form when
the evaporation produets of 1:1 and 1:2 mixtures
of colemanite and calcite dissolved in HCI are
exposed to the atmosphere for several months (at
least 5 or 6 months) (Fig. 17, d and e). On Fig. 17 a,
B, ¢, d and e show respectively X-ray diffraction
results for the evaporation products of  standard
boric acid, 1:1/2 colemanite and calcite mixture,
L:1 ulexite and caleite, 1:1 colemanite and calcite,
and 1:2 colemanite and calcite mixtures. This reac
tion takes place at atmospheric pressures, laboratory
temperatures (ca. 30C) and pH about § to 9,
suggesting that the deep burial and high pressures
may not be necessary for the solution and repreci-
pitation of colemanite in natural conditions, Similar
experiments with ulexite and calcite results in calcite
reprecipitation, probably due to deficiency of Ca++
in the solutions {Fig. 17, ¢).

In the borate zone, rhythmic deposition of co-
lemanite, clay, tuff and limestone beds (Helvac,
1977) indicates that when the brines were oversatu.
rated with B and Ca, colemanite was deposited and
during the period when B concentration decreased
calcite was  precipitated. Clays and tuffs were
continuously deposited., In the thin section, clay
and tuff inclusions in the early formed colemanite
have been commonly observed (Figs, 13, 16 and 18)
and it is difficult to believe that these textures
would have been preserved had the colemanite
replaced invoite or ulexite.

During the deposition, like colemanite, mever-
hofferite, ulexite and teruggite nodules appear to
have developed penecontemporaneously within and
not on the sediments. Their sporadic occurrence
indicates that the precipitation of these minerals
was limited to certain parts of the deposits, possibly
due to localised thermal springs. Realgar and small
amounts of celestite were also precipitated with
the sediments. The fine-grained realgar crystals
enclosed in early formed massive colemanite and
sediments demonstrate that some of the realgar
was formed at an early stage (Helvac:, 1984), Small
amounts of celestite were also formed penecon-
temporaneously within the sediments and ‘borates
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Fig. 17. X-ray difraction results showing evaporation Sekil 17,
products of: a} boric acid, b) 1:1/2 cole
manite and calcite mixture, c) 1:1 ulexite
and calcite mixture, d) 1:1 colemanite and
caleite mixture,

calcite mixture,

e) 1:2 colemanite and

5 i W5 0 28

Buharlagma (evaporasyon) iiriinlerini giis-
teren X-ray difraksivon sonuglan: a) bo-
rik asid, b} 1:1/2 kolemanit ve kalsit ka-
risumi, ¢} 1:1 dileksit wve kalsit karisim,
d) 1:1 kolemanit ve kalsit kansimi, e) 1:2
kolemanit ve kalsit kangim,
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Fig, 18, Edge of colemanite nodule, outer edge
towards the top of the photo. Increase in
the darkness caused by Increase in  the
clay content of the nodule, Plane polarized
light, X10.

Sekil 18, Kolemanit nodiiliiniin kesiti, di5 kenar fo.
togirafin {ist kesimidir. Fotograftaki koyun
renkli kesimler nodiihin kil igerifine bagl
olarak artar. Tek nikc!, + 10

(Helvact, 1977). The chemical analyses of non-borate
minerals present in the borate deposits are given
in’ Table 7.

Diagenetic mineralization

After the burial of the deposits by vounger
sediments, B and Ca bearing solutions circulating
through the early borates and sediments were
responsible for preipitation of later generations of
colemanite such as wvugh fillings (Fig, 200, fibrous
(Figs. 12 and 14) and thin layers (Fig. 14) of co.
lemanite, Vugh fillings and coarsely crystalline
euhedral colemanite crystals are wvery common and
occur usually in the vughs of colemanite nodules
(Figs. 15, 16 and 20). Very thin layers of colemanite
occur sporadically throughout the deposits.

The Emet deposits in general do not show much
post-depositional deformation and most of the origi-
nal stratification is preserved (Helvaci and Firman,
1976). During the diagenesis of the deposits common
alteration products of colemanite are hydroboracite
and calcite, and rarely veatchite-A and cahnite (Hel-
vacl, 1984), These have been clarified by the field
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observations, X-ray examinations, staining technique,
mieroscope studies and chemical analyses (Helvac,
19841,

All the evidence indicates that hydroboracite,
veatchite-A and cahnite often replaced
and it is tentatively suggested that these minerals
formed during diagenesis as a result of the adition
cf Mg++, Sr++ and As+, respectively and the
loss of Ca++. Colemanite, in restricted parts of
the deposits, was replaced by either hydroboracite
and calcite; cahnite and calcite; or cahnite, Cahnite
dehydration of

colemanite

may have formed as a result of

. teruggite as observed in the Hizarck area (Helvacy,
7 1984). In addition to these diagenetic changes there

is ﬁe:ld and mineralogical evidence of at least three
snerations of colemanite (Helvac: and Firman, 1976)
and separate post depositional crystallization of
tunellite, cahnite, celestite, native sulphur, gypsum,
realgar and probably orpiment. On  weathering
colemanite is readily replaced by calcite and realgar
by orpiment,

Alteration products of the colemanite (maximum
4 94 of the deposits) are insignificant as compared
to the overall amount of colemanite (95 04 and
above of the deposits), This suggest that colemanite
has not undergone an extensive diagenetic alteration,

Fig. 19. Prismatic colemanite crystals, and fibrous
crystals growing at their edges. Crossed
nicols, X10,

Sekil 19. Prizmatik kolemanit kristalleri ve onlarin
kenarlarinda  biiyiiyen lfimsi kristaller.
Capraz nikel, + 10,
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Fig. 20. Euhendral colemanite crystals in the wvugh

of colemanite nodule, Espey underground

mine, northern area,

Sekil 20, Kolemanit nodiiliinfin  boglugundaki &zbi-
cimli kolemanit kristalleri, kuzey billgede-
ki Espev Kapal Isletmesi.

Conclusions

From the foregoing discussion it is concluded
that the Emet borates were formed in playa lakes,
in seismically active areas, fed partly by thermal
springs and partly by streams draining the catchment
areas, The bulk of the interbedded clastic sediments
appear to be derived from wvolcanic terrain but
Tertiary limestone might also have been exposed
and erosion of these may have contributed Ca++
and Sr++ to  the lake -waters. Alternatively
Ca++ and Sr++ may have leached from the un-
derlying limestones and basement rocks by the

thermal spring waters,

Since Ca borate makes up over 95 4 of the
deposits it 1s reasonable to assume that the original
brines were enriched in Ca++ and boron. Arsenic
sulphides, strontium sulphate and small amounts of
native sulphur, although present in minor quantities,
are as widely distributed as the Ca borate and hence

it may be assumed that the initlal brines at all
times contained an abundance of calcium and boron
with minor amounts of arsenic and sulphur, Stron:
tium and sodium may also have been present in the
initial brines or alternatively may have been added
to the mineralising solutions peridically. Geochemi
cal investigations sugpest that the most likely sour-
ces of B, As and S were from the weathering pro.
ducts of Tertiary volcanic rocks ftransported into
the borate basins by streams; or from volcanic ash
deposited directly into the borate basins; or from
thermal 1984), The chemical
analvses of the thermal springs from the Emet
district, which at present deposit

sulphur, were given by Helvac: (1986),

springs (Helvac,

travertine and

All early precipitated minerals seem to  have
formed within the clastic sediments. Probably the
brines were never sufficlently concentrated to
allow borate precipitation umntil the lakes partially
or wholly dried up. Brines were evidently rich in
Cat++ in both northern and southern basins and
Ca borates are present at every horizon throughout
the sequence, Coprecipitation of ulexite an later
diagenetic formation of tunellite occurs only rarely
in the northern basin and not at all in the southern
arega. Field ant textural evidence clearly indicates
the sequence Ca borate ——» Ca-Na borate —— Sr
borate, Arsenic bearing borates and Sr borates do
not occur together in the Emet deposits  although
arsenic sulphides do occur at the same horizon with
Sr borates and sulphate.

Field and petrological evidence discussed Hel-
vact and Firman (1976) demonstrates that Ca bora-
tes, ulexite, and teruggite crystallized within the
sediments and did not precipitate from open water.

Both lateral and wvertical changes from calcite
marls to colemanite bearing clays have been ob-
servedd an a gross zoning both laterally and ver-
tically from calcite to colemanite and back to calcite
seems to be general in both areas, In the southern
area the sporadic occurrence of gypsum suggests
that where sulphates are present the sequence is
calcite-gypsum-colemanite.

In the nothern basin the early colemanite phase
and ulexite crystallise before tunellite, implying that
Sr borates will not crystallise from solution until
Ca borates and NaCa borates have been precipi-

tated, The retention of Sr++ in the - interstratal
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brines may account for both the diagenetic repla-
cement of colemanite by veatchite-A in the northern
basin and the lale post-depositional crystallisation
of celestite in both the northern and southern basins.

The origin of the Emet deposits may therefore
be tentatively summarised as follows:

1) Establishment of playa lakes in seismically
active areas fed by thermal springs and surface
slreams.

2) In these lakes clay and volcanic ash were
deposited and Ca borate nodules developed within
the unconselidated sediments during periods of
evaporation. In the northern basin ulexite was also
periodically formed and teruggite was precipitated
occasionally in the southern basin. Small amounts
of sulphur, celestite and realgar were also formed
within the sediments penecontemporaneously with
the borates,

3} After burial the Ca borate nodules, most
probably colemanite, continued to grow, Inyoite, if
formed, dehydrated to colemanite and colemanite
was precipitated in vughs together with realgar and
more rarely celestine and cahnite,

4) Chemical reaction between Mgrich clays and

colemanite leading to the formation of hydrobora
cite.

5) Reaction between Srrich interstratal brines
and colemanite leading to its partial replacement by
Veatchite-A,

6} Tunellite appears to have formed during late
diagenesis with enrichment of Sr in some parts of
the northern area.

7) Cahnite have formed from replacement of
colemanite in the nothern area, and the dehydration
of teruggite in the southern area,

&) Solution and reprecipitation of colemanite
in veins and around colemanite nodules, as fibrous
and thin lavers.

9y Uplift and erosion leading to the weathering
of colemanite and its replacement by calcite in
surface outcrops and adjacent to faults.

MNotwithstanding the mineralogical and geoche-
mical complexities enumerated in this study, howe-
ver, the Emet borates are higygrade colemanite de-
posits, and should supply a substantial quantity of
the world's needs for many vyears.
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Table 1. Summary statistics for colemanite from the southern area, Hisarcik-Derekiy deposits (n=20).
Cizelge 1. Giiney bélgedeki Hisarak-Derekiy yataklarindan derlenen 20 kolemanit Grnefinin istatistik-

leri.
..

Oxide % Mean St.Dev. Maximum Minimum Range
3203 47.63 2.08 51.05 42,12 8.93
ca0 24.19 2.04 26.88 18.20 8.68
MgO 1.9 d.8a 5.21 0.57 4.64
Na,0 0.24 0.05 0.35 0.14 0.21
Sr0 1.51 0.8l 3.99 0.32 3,67
As,05 0.21 0.31 1.28 0.01  1.27
10, 2.63 2.02 8.09 0.48 7.61
K,0 0.06 0.10 0.37 0.00 0.37
H,0" 19.91 0.70 21.35 18.72 2.63
505 0.30 0.26 1.13 0.05 1.08
ppm
Al 973 811 2863 133 2730
Fe 767 514 2318 0* 2318
Mn 22 16 56 3* 53
P 119 171 801 14" 787
cl 132% 30 225 92% 133
Cu ™ 12 61 6 55
Br o* 1 I 0¥ 3
Ba i 38 149% or 149
Ce 214 225 966 60% 906

Eovn

x Indicates values below the detection limits as ppm: Al: 82, Fe: 29, Mn: 16, P: 75, Cl: 186, Cu: 53, Br: 9,
Ba: 296, Ce: 247.
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Table 2. Summary statistics for colemanite from the northern area, Espey and Killik deposits (n—=24).

Cizelge 2. Kurey bilgedeki Espey ve Killik vataklarindan derlenen 24 kolemanit drneffinin istatistikleri.

Oxide % Mean St.Dev. Maximum Minimum Range
B,05 47.39  2.75 52,07 41.22 10.85
ca0 24.20 1.44 26.32 20.65 5.67
Mg0 1.33 1.10 4.94. 0.32 4,62
Na,0 0.19 0.10 0.35 0.00 0.35
Sro 1,22  0.67 2.22 0.31 191
As 04 0.11 0.19 0.80 0.00 0.80
510, 2.29 2.33 8.33 0.04 8.29
K,0 0.32 0.38 1.29 0.00 1.29
Haa* 20.35 1.08 22.41 17.20 5.21
S04 0.36 0.49 2.51 0.06 2,45
ppm

Al 2439 2794 9881 o* 9881
Fe 1987 1980 9044 60 8984
Mn 37 40 153 o 153
P 125 107 441 o7 414
c1 165% 176 987 64* 914
Cu g’ 1% 59 o* 59
Br : 1 2% o* 2
Ba 104* 107 336 qr 336
Ce 132% 120 557 55% 502

x Indicates as in Table 1.



Table 3,

Interelement correlation matrix for 59 colemanite samples from Emet borate deposits.

Cizelge 3. Emet borat yvataklarmdan derlenen 59 kolemanit trnegi icin yapilan elementler aras: korelasyon matriksi.

B0y Cagd Mgd Hes0 Sr0  As,0 510, nuz IEEIJ Hy0 504 Al Fe ¥n P 1 Cu Br Ba
Cad 8635
¥g0 -.783 -,681
NagD -.397 -.409 .158
sr0° -.587 -.532 .433° .419"
Asfg-.250 =-.272 .227 .390 .351
Si0, -.865 -.932 .691% .335 .415° .1:s
710, -.763 -.873 .543% .289 .320 .122 ,939%
ko0 -.780% -.874 .546% .285 .330 .03 ,953% .ge2*
H,0 .622" ,550 -.688 -.353 -,331 .033 -.587 -.586 -.598
S0y .022 .007 -.178 .401% .267 .200 -.158 -,145 -.171  .095
Al -.779 -.889  L532M ,333 .351 .108 .948" ,990% .g992® -.603 -.146
Pe -.421 -.498 .122 .:10% .400" .072 .416° .490% .459* -.303 .756* 467"
Mn -.803 -.871 .707 .372 .421% .24 864" 891" .870® -.684 -.095  .881%® 445t
®  -.545 -.565 .403" 131 .213 .002 ,665% 626" ,.g@2® -.350 ~-,136  .630% .235 .550"
21 =,102 =,028 -.042 .281 .,212 -.038 .060 097 097 =262 =-.051 « 100 240 =.006 004
Su -.758 -.800 .54% .609% .836% ,378 .650% ,616% 624" -.545 .271  .654° .5es® .677% 425" 192
Br  .249 .153 -,260 -.113 ,200 =375 -.29 ~-.338 -.343  .238 331 -.320  .155 ~.392 -.435 -,136 -.054
Ba 399  .184 -,127 -.683 -,170 -.460 -.258 -,218 -,251  .231 ~,273 -.243 -,312 -.364 -.253 .037 ~-.320 .422°
Ce -.222 =-.244 .213 .323 .32% .993" .126 .118 .00  .080 .193  .09T  .064 .242 .05 -.D42 .345 -.393 -.415

+ Significant at 95 %

x Significant at 99 %4

SLISOdHd HIVAOH LHWH HHL 40 NIDIHO ONV AYISIWHEHDOHD

69
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Table 4. Chemical analyses of colemanite samples from the Emet borate deposits.
Cizelge 4. Emet borat yataklarindan derlenen kolemanit Srneklerinin kimyasal analizleri.

Colemanite Colemamite fran southern area Colemanite fran northermn area
Oxide® =Y513 — T z 3 r 5 6 7 8 g 1D
B,05 51.56 49.14 44.67 50.16 51.05 50.99 47.50 51.31 48.50 52,07 50.52
Ca0  25.73 25.20 18.20 22,40 25.35 25.37 24.81 25.93 24.57 25.54 25.42
Mg0 1.02 0.64 3.12 3.29 0.57 1.10 0.75 0.32 0.40 1.04 1.15
Na,0  0.00 0.26 0.26 0.35 0.27 0.00 0.19 0.25 0,32 0.00 0.00
Sro 0.97 1.35 1.00 0.88 0.78 1.34 1,69 0.31 1.82 0.97 0.33
48,0, 0.0l 0.16 1.49 0.32 0.04 0.00 0.06 0.04 0,04 0.00 0.02
10,  0.04 0.65 4.55 1.33 0.48 0.06 1.70 0.09 0.26 0.04 0.11
Ti0,  0.00 0.00 0.00 0,00 0.00 0.00 0.02 0,00 0,00 0.00 0,00
K,0 0.00 0.00 0.01 0.00 0.00 0.00 0.30 0,00 0.00 0.00 0.00
Hy0F 20,69 20.44 19.42 20.13 20,68 21.29 19.53 20.54 20.51 20.73 21.44
co, 0.00 1.55 6.00 0.00 0.00 0.00 3.08 0.00 0.00 0.00 0100
505 0.06 0.20 1.13 0.40 0,22 0.03 0.25 0.33 2.51 0.06 0.13
Total 100.06 99.59 99.85 99.26 99.44 10018 99.98 99.12 98.93 10@.45 99.12
ppm
AL 64 338 610 453 133 0% 2348 120 338 of 1%
Fe 74 608 o® 315 301 63 1830 1025 9044 60 250
Mn 26 3% 49 44 e o> cagka an 0% o 5%
P 435 | 60T 801, ‘29" .Bg A" gz 62" T NP _ 1507
cl 151%  [151%° T08E A5 S1TR THa 7% SIdT 129% TN 0 64
Cu g% | 35%. B5% 1% . W% 0% a3 N B 35 O o*
Br T gF ot g% . taF t BgF w2 1) e
Ba 363 o o*  9%S F @M AT 5 TS 56 308
Ce 94* 167 ®* 966 259 86* 0% 103* e1* s85% 69*% 101*

x Indicates as in Table !
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Table 5. Chemical analyses of meyerhofferite, ulexite and hydroboracite rom the Emet borate deposits.

Cizelge 5. Emet borat vataklarndan derlenen me yerkofferit, iileksit ve hidroborasitin kimyasal ana-
lizleri.

Meyerhofferite Tlexite Hydroboracite
Oxide % 5 2 3 4 5 6 7 8 9

Cal 24.96 23.24 23,35 16.66 13.52 13.66 13.88 12.66 13.44

Nay0 0.16 0.22 0.26 7.94 7.67 7,57 0.21 0.00 0,00
Sro 0.03 0.25 0.51 0.33 0.26 0.11 0,01 0.01 0.01

As,0g 0.22 0.02 0.02 0.02 0,02 0.01 0.02 0.01 0.09
510, 1.06 1.63 1l.88 0.31 1.75 0.31 0.67 0.03 0.06
Ti0, .00 0.01L 0.01 0,00 0.02 0.00 0.00 0.00 0.00

K50 0.10 0.28 0.36 .03 0.0 0.03 0.0 0,00 0.00
H,0 26.39 25.58 26.08 33.67 31.62 35.34 23.89 25.54 25.66
\ CO5 0.00 0.00 0.00 0.00 0,00 0.00 O0.00 1l.42 0.25
l , 505 0.53 0.20 0.07 0.32 0.48 0.14 0.29 0,07 0.13

; Total 99.91 98.33 99.07 99.74 10025 100.14 99.91 100.46 99.80

O«

ii 651 1214 1447 256 1894 256 485 o 14*
‘ Fe 399 1101 1046 316 2307 316 435 7171 100
{ Mn 22 23 29 ¥ 7 95 4 31

P 88 43% 66" 10" W . Wpr 2T .= 6*
I cl 151% 163* 5% 1T4T MXT s NRTE 160" 68 2 68T
g Cu o r b o* R L 0* Tl o*
- Br o* gz o* g VX o* 0% 0% 0%
1 Ba o 90% 338  190% 139% 361  126*% 306 58%
é Ce pIo~. 149" cgnalie 505 45T gt ok _wF  sey

x Indicates as in Table 1



Table 6. Theoretical compositions and oxide ratios of Ca borate series compared with typical compositons and oxide ratics of Emet colemanites.
Cizelge 6. Emet kolemanitlerinin tipik bilesim ve oksit oranlarmmn Ca-borat serisinin teorik bilesim ve oksit oranlaryla karsilagtinlmasi,

Caolemanite Colemanite :
Inyaoite Meyerhofferite Colemanite (Sowthern area) (Northern area)

Cal 20,20 25.08 27.28 24,19 24,20

HED 42,18 28420 21.91 29 .19 20435
€a0:B03  ¢,54 0.54 0.54 0.51 0.51
ratio
BEDB:HEDIEﬁn 0,89 1,66 2,32 2+ 39 2.33
CaD:HED W 0.48 0.89 1.25 L.P2 1,19

oL

IOVATHH



Table 7.
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Chemical analyses of non-borate minerals from the Emet borate deposits,
Cizelge 7. Emet borat yataklarindaki borat olmayan minerallerin analizleri.

Realgar Celestite Gypsum Calcite
Oxide % 1 e 3 4 5 6 7 8 9
B,04 0.15 4.47  0.08 1.28 1.28 0.16 0.08 1.28 0.00
Ca0 0.08 0.37  0.14  31.50 31.50 31.53 52.92 50.54 52.92
Ma0 2.00 0.44  0.48 0.43 0.40 0.76 0.63 1.77 2.58
Na,0 0.00 0.16  0.03 0.25 0.26 0.08 0.19 0.20 0.00
5r0 0.00 52.92  55.48 0.11 0.03 0.03 1.10 1.44 1.9
As,0c 69.16 0.01  0.01 0.00 0.00 0.00 0.15 0.27 0.0
510, 0.00 0.06  0.00 0.67 0.53 0.24 0.39 2.15 0.04
Tio, 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.01 0.00
K,0 0.00 0.00  0.00 0.01 0.01 0.00 0.02 0.21 0.00
Hy0* 0.06 0.24 0.43 19.68 18.17 19.69 0.42  0.68 0.39
co, 0.00 0.00  0.00 0.00 0.00 0.00 41.58 39.71 41.95
504 28.18 40.87 42.84  44.96 46.62 45.63 0.17 0.20 0.16
Total 99.63 99.54 ©99.49  98.89 98.80 08.12 97.65 98.46 100.0l
ppm
Al 312 180 70* 878 705 269 514 2197 o*
Fe 0% 454 49 704 1119 216 419 888 116
Mn 116 12* o 19 " g% 2t 62 13"
P g* 23®  10% 201 15% 20" 139 142 129
cl 654 69% 42" 4% a7 a5* 130* n2* 77"
Cu 173 499 0* 16 16 10 27 30 Vi
Br 0* 18 11 L e G o® gt ot
Ba i 870 1039 68" 108% 442 go® o* 335
Ce o* 133%  161% 3% 3% 3% 191* 2aa® o3

% Indicates as in Table .




