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Kazan Trona Yatagimin Jeolojisi, Ankara, Tiirkiye

Cengiz Y. Demirci ve Mert $. Ertugrul

Mugla Universitesi, Jeoloji Miihendisligi Béliimii, 48000 Kétekli, Mugla
(E-posta: cengizdemirci@msn.com)

Kazan trona yatagi Ankara’nin 35 km KW yer alir ve 1998 yilinda Rio Tinto sirketinin yapmis oldugu
caligma sonucunda diinya ilk arama yontemiyle bulunan cevherlesmedir. Toplam 72 kuyu ve >60,000
m delinmis bunun sonucunda >600 milyon ton ¢ikarilabilir %31 tendrlii 15 trona zonu kesfedilmistir.
Zonlarin derinlikleri 420 metre ile 850 metre arasindadir, tabaka egimleride 5° ile 16° arasinda GD
yoniinde degismektedir. Toplam trona zonu 54 m ile 109 metre arasinda degisir ve sahada 20km’ alan
kaplar.

Trona yatagi Eosen yasli kalinlig1 700 m fazla olan Miilk Formasyonu icinde yer alir. Onemli 3 iiyesi:
tist marnlh birim, ortada dolomitli ¢amurtaglar1 ve altta biitiimlii seyl (tronay1 tasir) olarak yer alir.
Cevherlesme bolgesinde, cevhersiz volkaniklastikler, ¢amurtaslari, biitimli seyller ve tiifler trona
zonlarinin altinda yer alir. 2 adet K-Ar radyometrik yas tayini birimlerdeki kiiller i¢inde yapilmis ve
45 ile 46 Ma yaglar1 elde edilmistir.

Miilk Formasyonunun Incirlik iiyesi icinde 26 adet siirekli bitiimlii seyl zonu tespit edildi. Bu seyl
zonlar1 5 km’den daha uzak alanlarda bile karsilastirilabilir. Seyllerin kalinliklar birkag santim ile 16
m araliginda degismektedir ve ortalama kalinlik 3.4 m Sl¢iilmiistiir.

Tipik olarak trona oldukca saf, ince kristalli, birka¢ santimden maksimum 50 cm degisen tabakalar
halinde goriiliir. Bireysel trona tabakalar1 tabaka yiizeyine parallel olarak gelismis keceli-hasirlagsmis
bir goriintii verir. Trona yatag1 ise bir¢ok ince trona tabakalari ile birlikte olusmus biitiimlii seyllerden
olusmustur. Ara zonlar ise kalin cevhersiz seyller veya ekonomik olmayan ince trona tabakali seyller
tarafindan trona tabakalarinin iist ve alt zonunu temsil eder.

Anahtar Sozciikler: Kazan, trona, arama, bitiimlii seyl
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Geology of the Kazan Trona Deposit, Ankara, Turkey

Cengiz Y. Demirci & Mert S. Ertugrul

Mugla University, Geological Engineering Department, Kétekli,
TR—48000 Mugla, Turkey (E-mail: cengizdemirci@msn.com)

The Kazan trona deposit, situated 35 km northwest of Ankara, was discovered in 1998 by Rio Tinto,
the first such deposit to be found as a result of an exploration program. 72 drill-holes totaling >60,000
m have delineated >600 million tones (Mt) of ore grading 31% trona, 15 trona beds, collectively called
the trona zone, have been discovered. Zone depth ranges from 420 m to >850 m, dipping 5° to 16° to
the SE; thickness reaches a maximum of 109 m, averaging 54 m. The deposit covers 20km” of areal
extent.

The trona deposit lies within the Eocene-aged, Miilk Formation that reaches a drilled thickness of over
700m. Contained within it are three principal members: An upper marlstone unit, a middle dolomitic
mudstone sequence, and a lower oil shale that hosts the trona mineralization. Within the deposit area,
barren volcano-clastic rocks, mudstone, oil shale and tuff underlie the trona sequence. Two K-Ar
radiomentric age dates made from ash fall tuffs yielded deposit ages of 45 and 46 Ma.

In the Incirlik member of the Miilk formation, up to 26 persistent beds of oil shale have been
identified. These oil shale beds can be correlated over a distance of more than 5 km. They range from
tens of centimeters to 16 m thick, having an average thickness of 3.4 m.

Typically, the trona occurs as relatively pure, fine to medium-crystalline, precipitated beds ranging in
thickness from several centimetres to a maximum of 0.5 m. Individual trona layers characteristically
exhibit a felted or matted texture developed parallel to bedding surfaces. The trona ore beds are
comprised of dozens of thinner layers along with the inter-bedded oil shale. Intervening zones of
several meters of barren or largely barren oil shale somewhat arbitrarily set upper and lower
boundaries of these composite trona beds.

Key Words: Kazan, trona, exploration, oil shale
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Na-Ca Siilfat Mineral Déniisiimlerin Petrografik Ozellikleri
ve Madencilik Arastirmalarindaki Onemi

Ibrahim Giindogan ve Cahit Helvaci

Dokuz Eyliil Universitesi, Mﬁhencﬁslik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Tinaztepe Kampusii, 35160 Buca, Izmir (E-posta: ibrahim.gundogan@deu.edu.tr)

Siilfatlar tuzlu sularin buharlagmasina bagli olarak karbonatlarin ¢ékelimini takiben olusan dogadaki
en yaygin mineral grubudur. Ortalama bir deniz suyunun buharlasmasi ile olusan evaporitik olusumun
% 3.6’s1 Ca-siilfat ve % 77’si NaCl olmasina ragmen karasal havzalarda Ca-siilfatlar goreceli olarak
daha baskindir. Buharlagma sirasiyla olusan mineraller bir sonraki kristallenme fazi tarafindan
ornatilabilir. Bu ornatma iglevi mineraller iginde kismi veya tiim olusumu etkileyebilir. Herbir
mineralin duraylilik st farkli oldugundan bu ornatma islevleri kayacin olusumundan
cimentolanmasia (erken diyajenez), gomiilmesine (ge¢ diyajenez) ve tekrar yiizeylemesine kadar
bir¢ok diyajenetik asamada gerceklesebilir. Bu karmasik iglev sonucunda ilksel olusumundan olduk¢a
farkli mineraller gelisebilir. Bu asamalar ancak detayli sedimenter petrografik calismalarla ortaya
konulabilir. Sedimantasyon asamasinda ilksel olarak jips (diskoidal, selenitik, v.s.) seklinde
kristallenmis bir lithofasiyes evaporasyon siirecinde su aktivitesinin azalmasina bagl olarak veya
diyajenez asamalarinda kismen veya tamamen anhidrit tarafindan ornatilabilir. Bu sekilde olusan
anhidrit litofasiyesi, ylizeyleme sirasinda su alarak tekrar jipse (satin spar, alabastrin ve/veya
porfiroblastik dokulu ikinicil jips) doniisebilir. Bu asama esnasinda sadece su aligverisi degil
mineralojik ve dokusal bir degisim meydana gelmektedir. Bu karmasik siire¢ yiizeyde meteorik sularin
etkisiyle karbonatlasarak son bulabilir.

Beypazar1 Havzasinda, Miosen yagli Kirmir Formasyonu Ca-sulfat (jips ve anhidrit) ve Na-siilfat
minerallerinden (globerit ve tenardit) olusmaktadir. Na-stilfat litofasiyesi oOzsekilli globerit
minerallerinden olugmakta ve bunlar ¢ogunlukla thenardit mineralleri tarafindan ¢imentolanmustir.
Yiizey veya yiizeye yakin bolgelerde globerit mineralleri ikincil jipslere doniismektedir. Bu ikincil
jipsler, globeritten ikincil jipse doniisii yansitan ¢ok dnemli makroskobik ve mikroskobik dokular
gostermektedir. Bu ikincil jipslerdeki ana dokular, ig sekilli lifsi doku, ag sekilli laminali doku, zigzak
sekilli lifsi doku ve diger ikincil jipslerde gézlenmeyen ikizli kristal iceren alabastrin-porfiroblastik
dokulardir. Na-siilfat minerallerinin alterasyonuyla olusan bu ikincil jips dokularin benzeri Cankiri-
Corum havzasindaki Bozkir Formasyonunun alt evaporit serilerinde de yaygin olarak gézlenmektedir.
Bu alterasyon zonlarindan alinacak oOrneklerde XRD ve kimyasal analiz yontemleriye Na-siilfat
minerallerinin tespiti miimkiin degildir. Bu nedenle Na-siilfat minerallerin alterasyonlari sonucu
olugmus ikincil jipslerde gozlenen 6zel dokular sodyum siilfat aramaciliginda kilavuz anahtar gorevi
gorecek nitelikte olup petrografik ¢alismalarin 6nemini 6n plana ¢ikarmaktadir.

Anahtar Sézciikler: Ca-Na siilfat mineral arastirmasi, anhidrit, globerit, tenardit, ikincil jips dokular
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Petrographic Textures Occuring at Diagenetic Transformations in Na-Ca
Sulphate Minerals and Their Importance in Mining Exploration

Ibrahim Giindogan & Cahit Helvaci
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Tinaztepe Kampusii, TR-35160 Izmir, Tiirkiye (E-mail: ibrahim.gundogan@deu.edu.tr)

Sulphates are the most widespread minerals in nature which precipitates from brine by evaporation
following carbonates. Ca-sulphates are dominant in the continental basins, although the 3,6% and 77%
of evaporitic occurrences of in the marine deposits are represented by Ca-Sulphate and NaCl,
respectively. The minerals formed just after the evaporation can be replaced by another crystallizing
phases in crystallization sequence. Replacement processes can partly or completely affect the
minerals. Since stability fields of each mineral are different, replacement processes can occur during
forming and cementation of rocks (early diagenesis), during its subsidence (late diagenesis), or during
its exhumation of rocks. Different minerals can be formed following this complex processes. These
periods can only be revealed by petrographic studies. A lithofacies primarily formed in gypsum-form
(discoidal, selenitic, etc.) can be replaced partly or completely by anhydrite depending on the
decreasing water activity during evaporation or during different stages of diagenesis. The subsequent
anhydrite lithofacies can also be replaced by gypsum (satin-spar, alabastrine, and porphyroblastic
secondary gypsum) via hydratation during exhumation. During this stage, not only water exchange
takes place, but also mineralogical and textural transformations also occur. These complex processes
are followed eventually by carbonatization due to meteoric water.

Na-sulphate deposit in Beypazari Basin is in Miocene Kirmir Formation consists of mainly Ca-
sulphate (gypsum and anhydrite) and Na-sulphate minerals (glauberite and thenardite). Na-sulphate
lithofacies has euhedral glauberite minerals and they are cemented generally by thenardite minerals.
On the surface or near to the surface, glauberite minerals transform to the secondary gypsum. This
secondary gypsum shows very typical crystalline texture that characterizes replacement process from
glauberite to secondary gypsum. Main crystalline textures of this secondary gypsum are reticulate,
spindle - shaped fibrous, zigzag like fibrous and alabastrine-porfiroblastic textures with twinning
crystals that are not common in any other secondary gypsum. Similar secondary gypsum textures
altered after Na-sulphate minerals are also observed within lover evaporite part of the Bozkir
Formation in the Cankiri-Corum Basin. It is not possible to identify the Na-sulphate minerals sampled
from these alteration zones by using XRD and chemical analysis. Therefore, the special textures in the
secondary gypsum formed by alteration of Na-sulphate minerals become a useful guide in Na-sulphate
explorations. This indicates that petrographic studies are extremely important in mineral explorations.

Key Words: Ca-Na sulphate mineral exploration, anhydrite, glauberite, thenardite, secondary gypsum
textures
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Bat1 Anadolu Neojen Havzalarinda Jeokimyasal Prospeksiyonun Onemi:
Emet (Kiitahya) Borat Havzasinda Hedef Saptama Ornegi

Selguk Tokel', Cafer Ozkul”* ve Mehmet Savas’
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Bat1 Anadolu’da genis alanlar kapsayan karasal Neojen havzalar1 ekonomik dnemde cevher birikimleri
olusturan evaporitik tuzlarca zengindir. Bu elementlerin carpigma kokenli magmatizma ile ilgili
hidrotermal sistemler yardimiyla, yan kayaglardan ¢oziindiiriildiigii diisiiniilebilir. Cevherlesmeler bu
termal sularin s1g playa gollerine bosalip buharlagmasiyla olugsmuslardir.

Bu havzalar iginde, bilinen merceklerin disinda, daha bir¢ok mineralizasyon merceginin varligi
diistiniilebilir. Bunlarin ortaya cikarilmasinda jeokimyasal toprak prospeksiyonu uygulanabilir. Bu
amagla iki bilinen mineralizasyon mercegi bulunan Emet-Hisarcik (Kiitahya) Neojen havzasi
prospeksiyon i¢in secilmistir.

Yaklasik 400 km? lik alan kapsayan ortii kayaclarda 1 km lik araliklarla olusturulan grid iizerinde 370
adet toprakta B, As, Sn, Se, Li, Be, Mg, Sr, Na, K ve S analizleri yapilmistir. Cozelti i¢in sicak A.R.
kullanilmig, son 6l¢iimler ICP-MS teknolojisi ile yapilmustir.

Veri islem ve istatistik ¢aligmalariyla yapilan yorumlamalardan sonra toprak anomalileri ile bilinen
gomiilii mineralizasyonlarin boyut ve bilesimleri karsilagtirilmis ve su sonuglar ortaya ¢ikmistir; (I)
Bor prospeksiyonu i¢in B elementi en uygun indikator elementtir. Anomalinin siddeti ve sekli bilinen
mercekle tam uyumludur. (II) B anomalisi ile birlikte yer almig Na anomalileri (temel degerin 30
katinda) mercekte kolemanit ile birlikte bulunan Na lu boratlarin (iileksit, probertit) varligini isaret
etmektedir. (III) B anomalileriyle birlikte goriilen yiiksek As degerleri mineralizasyondaki realgar ve
orpiment miktarlariin derecesi i¢in bir gdstergedir. (IV) B anomalileri disinda ¢ok keskin As ve Sb
anomalilerinin varligi ekonomik degerde stibinit birikimini isaret edebilir. (V) K, Li, Cs ve Be
anomalilerinin ortak sinirlari, havza i¢inde dar bir oluk i¢inde ¢okelmis borath killerin sinirlart ile
uyumludur.

Sonug olarak, sondajlarin yiiksek maliyeti diisiiniiliirse jeokimyasal toprak prospeksiyonu ile hedef
saptandiktan sonra sondaj programlanmalidir.

Anahtar Sozciikler: toprak jeokimyasi, bor prospeksiyonu, Emet borat havzasi
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Importance of Geochemical Prospection on the West Anatolian
Neogene Basins: An Example of Target Definition for Borate Deposits
in the Emet (Kiitahya) Basin
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Continental Neogene basins, which cover wide areas in W. Anatolia, are rich in evaporate salts of
economic interest to form orebodies. The elements are assumed to be derived from leaching of the
surrounding rocks by hydrothermal systems associated with the syn-collisional magmatism. These
deposits formed when the spring waters evaporated after flowing into playa lakes.

In these basins, beyond the known deposits, existance of many unknown mineralization lenses can be
thought. Geochemical soil survey may be aplicable in order to explore new findings. For this purpose
Emet-Hisarcik (Kiitahya) Neogene basin, which contain two known borate lenses were chosen for this
aplication.

Square grid of samples taken at 1 km intervals were used on the cover rocks of approximately 400
km®. Total 370 soil sample were analysed for B, As, Sn, Se, Li, Be, Mg, Sr, Na, K and S.
Decomposition were made by A.R. solution. Estimation conducted by ICP-MS.

After data handling and statistical interpretations, relation between form and magnitute of the soil
anomalies, shape and composition of the known underlying mineralization were compared. After this
stage the results demonstrated that; (I) B is a most suitable indicator element for boron prospection.
Magnitude and shape of the anomalies are perfectly consistent with the known borate lenses. (II) B
anomalies together with the Na anomalies (up to 30 times higher than normal) indicate presence of
higher amount of Na borates (ulexite, probertite) together with colemanite. (III) B anomalies with the
high As values indicate the degree of presence of realgar and orpiment in the borate deposits. (IV)
Very sharp As and Sb anomalies away from B anomalies indicate economic stibinite depositions. (V)
K, Li, Cs and Be concentrations maps indicate the limits of the narrow basin in which borate bearing
clayey formation deposited.

It can be concluded that inasmuch as drilling is the most expensive method target definition by soil
geochemistry should be established than the drilling oriented.

Key Words: soil geochemistry, borate prospection, Emet borate basin
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Malatya Havzasi Kuzey Béliimiinde Ust Kretase (Maastrihtiyen)—Paleosen
Sinirinda Evaporit Olusumlari, Dogu Anadolu, Tiirkiye
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Malatya Havzasi Neotetis siitiir zonunun kuzey kolu iizerinde yer alir. Havzanin orta boliimleri Geg
Kretase—Erken Paleosen yasinda tabandan tavana dogru oldukca kalin derin deniz silisiklastikleri,
platform karbonatlar1 ve evaporitlerden olusan bir istifle temsil olur. Evaporitler Kretase—Paleosen
sinirinda kritik zaman araliginda ¢okelmislerdir. Havza morfolojisine gore, evaporitler dogrudan
platform karbonatlar1 iizerine keskin bir dokanakla gelebildigi gibi, kiregtaglar1 ile ara tabakali
sislisiklastikler (siyah seyller) ile dereceli gegisler olusturabilir.

Baz1 kesitlerde ise evaporitik istifin tabaninda bosluk, catlak dolgusu veya stramatolitik yapil
sOlestinli karbonatlar yer alir. Havzanin kuzeyinde izlenen bu evaporit olusumlari, giineydoguya dogru
incelmekte ve s1g denizel silisiklastikler igerisinde kaybolmaktadir. inceleme alanindaki evaporit
mostralarinda ikincil jipsler egemendir. Bunlar igerisinde; (1) Tabakali-Masif ince kristalli jips; (2)
Arenitik tabakali jips, bordo — gri renkli gastropod’ lu killi kiregtasi ve karstik kirectas: ara tabakali ve
(3) Nodular, enterolitik ve kiimes teli dokulu jips, organik¢e zengin koyu renkli ¢amurtas: ara tabakali
seklinde 3 fasiyes toplulugu ayrilir. ilk fasiyes grubu sig lagiin veya golciiklerde sualti jipsleri olarak
cokelmistir. Ikinci fasiyes grubu, sig denizelden gelgit iistii diizliigiine kadar genis bir alan1 temsil
eder. Kurak (evaporitik faz)’ dan humid (karbonat faz) sartlara kadar uzanan mevsimsel ve deniz
seviyesi degisimleri bu fasiyesin sekillenmesinde etkili olmustur. Dalga hareketleri tabakali jipslerin
asinmasi (Fasiyes 1) detritik jips olusumuna, tathh su girisimi kirectasi ¢okelmesi ve daha sonra
atmosferik yiikselim ve karstlagmaya, kisa siireli sellenme siiregleri ise ¢camur diizliiklerinin gelisimine
neden olmustur. Son grup maksimum buharlagma siireglerini ifade eden kiy1 sabkalarinda ¢okelmis
olup; kisa aralikli yagishh donemlerde olusan bataklik kosullarinda ise organik¢e zengin ince
camurtaglar1 depolanmustir.

Elde edilen paleontolojik veriler kesin bir yas araligi vermemesine ragmen, Malatya Havzasindaki
evaporit depolanmasinin Ge¢ Kretase sonlarindaki deniz ¢ekilmesi ile bagladig1 ve bu siirecin olas1 Alt
Paleosen’ e kadar devam ettigi diisiiniilmektedir. Iklimsel kontroliin (kuraklik) Malatya Havzasindaki
evaporit olusumunun baslica etkenlerinden oldugu bir gercektir. Bununla birlikte, Malatya fayimin
sebep oldugu bolgesel tektonik olaylar gozden kagirilmamalidir. Fay hareketleri havzanin kuzey
kenar1 boyunca bir siilfat platformunun olusturmasinin yaninda, sonugta evaporitik alanin
smirlanmasina sebep olarak havzanin giineyinde evaporit icermeyen istif olusumuna sebep olmustur.

Anahtar Sozciikler: evaporit, sabka, Malatya fayi, sdlestin, Ust Kretase—Paleosen siniri
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Malatya Basin is located on the northern branch of Neotethys suture zone and its middle part, consists
of a thick succession of deep marine siliciclastic, platform carbonates and evaporite from bottom to
top in the age of Late Cretaceous—Early Paleocene. Evaporites occupy a critical position on
Cretaceous—Paleocene boundary. With respect to basinal morphology, they show different settings,
either directly rest on platform carbonates or gradually underlain by siliciclastics (black shale) with
limestone interlayers. On the other hand, the evaporite with up to 200 meter thick is limited in the
northern part of the basin and its get thinner and disappears within the siliciclastic unit towards to
southeast.

In some sections, evaporites start with a celestite bearing carbonates delineated by stromatolitic
structure in which celestite rarely laminated, commonly formed as void and fracture filling mineral.
Overlying unit, evaporites are mainly composed of secondary gypsum and divided into three facies
group as follow; (1) bedded-massive fine crystalline gypsum; (2) Arenitic bedded gypsum with red—
grey mudstone, gastropods-bearing marly limestone and karstified limestone, and (3) Nodular,
enterolithic and chicken- wire gypsum with organic-rich black mudstone. The first one was
precipitated as subaqueous gypsum in the shallow lagoon or ponds. Second facies group reflects an
seasonal fluctuations ranging from arid (evaporite phase) to humid (carbonate phase) which cover
from shallow marine to supratidal flat that wave action favored for detrital gypsum (gypsum arenites)
and fresh water influx formed muddy flat and karstifacation of the limestones. The last group was
deposited under maximal evaporation and aridity in the local sabkhas, which intersected thin organic-
rich dark mudstone indicating short humidy and swamp condition.

Though paleontological data obtained is not still enough to give any exact range of age, it was thought
that evaporite deposition started the Upper Cretaceous regression, likely extended into the Lower
Paleocene time in the Malatya basin. It is fact that climatic control (aridity) would be prime agency for
the evaporite formation in the Malatya basin. Also regional tectonic driven by Malatya fault should not
be overlooked. It has involved establishment of a sulphate platform along the north margin of the
basin that consequently led to isolation of evaporitic realm from the southern part of the basin without
evaporites.

Key Words: evaporites, sabkha, Malatya fault, celestite, Upper Cretaceous—Paleocene boundary
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Bu ¢alismada, Bati Anadolu genigleme bolgesinde yer alan Denizli havzasina ait bazi traverten
sahalarinin jeokimyasal 6zellikleri ve durayli izotop bilesimleri karsilagtirilmigtir. Durayli karbon
izotop bilesimlerine bakildiginda, havzanin KB ve GD kesimleri arasinda belirgin farklilik gozlenir.
KB-GD gidisli normal faylara bagl olarak gelisen Pamukkale-Karahayit ve Kamara Hamami
(Yenice) civarindaki sirt tipi travertenler ve glincel Pamukkale travertenleri ile Golemezli yoresindeki
fosil travertenler bir grup olustururlar. Bu grup, havzanin GD’suna kiyasla belirgin sekilde daha
yiiksek 8"°C degerlerine (—2,0%0<3'>C<12%o, V-PDB) sahiptir. Havzanin GD kesiminde yer alan
traverten ve tufalarin 8°C degerleri, Antalya tufalarinin 8"°C degerlerine —5%0<3">C<3 %o, V-PDB)
benzerlik gosterir. En yiiksek 8"°C degeri (11-12 %o) Pamukkale Jandarma Kaynagi 6niindeki 400 m
lik yamacin en alt kisminda ¢okelmis giincel travertenlerden ol¢iilmiistiir. Bu yiiksek 5"°C degerinin
nedeni, yamag boyunca ger¢eklesen CO, kagisidir.

Denizli Havzasi’nin KB’sindaki travertenlerin 8'°0 degerleri daha genis bir aralikta dagilim gosterir
(12 %o< 8'80 <24 %o, V-SMOW), ancak karakteristik olarak %022’den diisiiktiir. Bu travertenler
normal faylar ve agilma catlaklarindan ¢ikan yiiksek-orta sicakliktaki termal sulardan ¢okelmislerdir.
Havzanin GD kesimindeki traverten ve tufalar yiiksek 8'*0 degerlerine sahiptir (19 %o< 8'*0 <24 %o,
V-SMOW). Bu degerler, muhtemelen diisiik sicakliktaki karstik kokenli sulari isaret eder.

Anahtar Sozciikler: traverten, tufa, Denizli, Pamukkale, jeokimya, durayli izotop
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In this study, geochemical properties and stable isotope composition of some travertine sites at various
parts of the Denizli Basin in western Anatolian extensional province were studied. There is a clear
distinction can be made, based on stable carbon isotopic compositions, between the travertine
occurrence in the northwestern and southeastern parts of the Denizli Basin. The fissure-ridge
travertines near Pamukkale-Karahayit and the Kamara spa (Yenice) and other recent travertines at
Pamukkale and fossil occurrences at Gélemezli, attributed to the NW—SE-trending normal faults, form
a group, and they have characteristically higher §"°C values (~2,0%0<5"°C<12%o, V-PDB) than the
southeastern part of the basin. The travertine and tufa deposits from the southeastern part of the
Denizli Basin show §"C values, similar to the tufa samples collected from Antalya —5%0<8">C<3 %o,
V-PDB). The highest 5"°C values (11-12 %o) were measured on the slope of the recently precipitating
Pamukkale travertine, along a 400 m long section, at the furthest point from the Jandarma spring
orifice. The reason for this high 5"°C values is the degassing of CO, along the section.

The travertines from the northwestern part of the Denizli Basin show a wide range of 3'°0 values (12
%0< 8'°0 <24 %o, V-SMOW), but characteristically lower than 22 %o. These travertines formed from
the thermal waters of high- to medium-temperature connected to faults and fissure ridges. At the
southeastern part of the basin the travertines and tufas have high 5'*0 values (19 %o< 8'°0 <24 %o, V-
SMOW), which probably indicates low-temperature water with karstic origin.

Key Words: travertine, tufa, Denizli, Pamukkale, geochemistry, stable isotope
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Ahlat Tas1 (Ahlat-Bitlis) ve Toprak-Piroklastik Zonlanmasinda (Altinsa¢c-Van)
Yanal Korelasyonun Yer Radar1 Yontemi ile Arastirilmasi
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Yer Radari, s1§ yeralt1 ortamlarindaki jeolojik sorunlarin ¢oziimlenmesinde son yillarda giderek daha
yaygin kullanim alani bulan bir EM aragtirma teknigidir. Bu yontemin kullanim ve degerlendirme
kolaylig1 agisindan diger jeofiziksel yontemlere gore Onemli avantajlart vardir. Bu galigmalarda
kullanilan cihazlar giderek daha portatif hale gelmis ve tek kisi operasyonuna uygun donanimlar
iretilmistir. Sahada veri islem olanagi, heniiz sahadayken toplanan verinin kontroliinii olanakli hale
getirmekte, buna gore calismanin ydnlendirilmesi kolaylagmaktadir. Sonug¢ olarak, sig yeralti
kosullarinin yiiksek ¢oziiniirliiklii radar goriintiilerini {ireterek belirli jeolojik ylizeylerin yanal
degisimlerini ortaya koymak bu yontem ile oldukg¢a hizli ve saglikli olarak yiiriitiilebilir hale gelmistir.
Bu c¢alismada, Van-Gevas-Altinsa¢ dolaymnda yer alan toprak oOrtiisli-piroklastik zon dokanak
derinliginin yanal degisiminin belirlenmesi ve Bitlis-Ahlat dolayinda yer alan ignimbritlerde (Ahlat
Tag1) i¢ yap1 ¢oziimlemesi amaciyla iki sahada RAMAC CU II sistemi ve 250 MHz merkez frekansh
anten kullanilarak yer radar1 6l¢timleri alinmis ve degerlendirilmistir.

Altinsa¢ sahasindaki Ortii (toprak) tabakasmnin suya doygun ve kilce zengin olmasi nedeniyle
elektromanyetik (EM) dalga erisim derinligi 2 metre dolayinda kalmistir. Bu nedenle bu derinliklerin
altindan tanimlanabilir yansimalar alinamamistir. Bununla birlikte, iki metrelik {ist zon i¢inde iki farkli
tabaka tanimlanabilmistir. En {istteki 1 metre kalinligindaki toprak zonu ile bunun altindaki bir
metrelik piroklastik zon, yansima karakterleri ile birbirlerinden kolaylikla ayrilabilmistir. Her iki
istifin altinda bulunan birimlerden ise (paleosoil ve mermer) EM yansima verisi alinamamigtir. Bunun
nedeni ise olasilikla yiiksek kil oranidir.

Ahlat Tag1 sahasindaki 6l¢iim caligmalar1 gorece daha basarili olmustur. Bu c¢alismada bolgedeki
volkanoklastik istifin icyapisi ve yanal degisimlerine ait daha ayrintili veri alinabilmistir. Olgiimlerden
yaklasik 8 metre derinlige kadar tanimlanabilir ve yorumlanabilir EM yansima verisi elde edilmistir.
Gorilintiilerin yorumlanmasi sonucunda bolgedeki istifin ¢ok sayida litolojik diizeyden olustugu, bu
diizeylerin yer yer devamsiz olduklari belirlenmis, bu diizeylerin farkli volkanik fazlara ait
olabilecekleri ortaya konmustur. Ayrica, bazi kesimlerde belirgin ve diiseye yakin siireksizlikler
tanimlanmugtir. Bu siireksizliklerin ¢ogu, 6nemli bir diigey dtelenmeye yol agmadiklarindan bunlar fay
olarak degil, kirik olarak degerlendirilmislerdir. Alinan seri kesitlerin yorumlanmasi sonucunda ortiilii
bulunan ignimbrit-tiif dokanagi tanimlanmis ve bu dokanagin yaklasitk KB—GD dogrultulu oldugu
saptanmistir.

Sonug olarak bu istiftlerden alinan profil dl¢limlerine ait radargramlardan yer yer beklenen sonuglar
almamamis olsa da, bu tiir ortamlarda yontemin genel anlamda bagarili oldugu goriilmiistir.

Anahtar Sozciikler: Van, Altinsag, toprak profili, Bitlis, Ahlat tasi, yer radari
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The Investigation of Lateral Correlation in Ahlat Stone (Ahlat-Bitlis)
and Soil-Pyroclastic Zonations (Altinsa¢c-Van) Using GPR Method

Yahya Ciftci', Ali Riza Colakoglu?®, Yusuf Kagan Kadioglu® & Selma Kadioglu®

" Maden Tetkik ve Arama Genel Miidiirliigii, Jeofizik Etiitleri Dairesi, Eskisehir Yolu,
TR—06520 Ankara, Tiirkiye (E-mail: yahyaciftci@gmail.com)
? Yiiziincii Y1l Universitesi, Jeoloji Miihendisligi Boliimii, Kampiis, TR—65080 Van, Tiirkiye
? Ankara Universitesi, Jeoloji Miihendisligi Béliimii, Tandogan, TR-06100 Ankara, Tiirkiye
* Ankara Universitesi Jeofizik Miihendisligi Boliimii, Tandogan, TR—06100 Ankara, Tiirkiye

Ground Penetrating Radar (GPR) is an EM technique which is getting popular in recent years to solve
geological problems in very shallow subsurface environments. Comparing to other geophysical
techniques, this technique has many advantages in terms of portable usage and easy interpretation.
GPR system equipments become more portable recent years and are now suitable for one-man-
operation. In addition, on-site processing and interpretation possibilities provide control of collected
data quickly, as a result, guidance of the fieldwork become easier. Moreover, any revision and/or
additional field operation could be made before completing the fieldwork. Consequently, this
technique provides fast and convenient results about lateral correlations of any geological surface in
shallow subsurface environment using high-resolution radar images. GPR profiles were collected in
two sites, one of which consists of layered soil profile (Altinsag-Gevas-Van) and other site contains
volcano-clastic deposits (Ahlat-Bitlis). The main purpose of this work is to interpret the geological
interfaces between the layers and construct the structural framework of both sites. 250 MHz centre
frequency shielded antenna was used in the study.

The penetration depth in Altinsag site was only about two metres. The main problem about penetration
is the saturated and clay-rich top section. However, two layers were identified in this two-metre
radargram section according their different reflection pattern. Uppermost layer consists of neo-soil
deposits and around one metre in thickness, whereas underlies by pyroclastic deposits in same
thickness. It was not able to visualize deeper section, which consists of palaeosoil deposits and the
basement rocks (marbles) because entering the low velocity zone after pyroclastic deposits.

The measurements in Ahlat stone site gives relatively better results. These radargrams provides clearer
view to interpret the internal structure and lateral changes of the volcanoclastic deposits. Identifiable
and interpretable EM reflections were collected for about eight metre depth in this site. Many
lithological units were identified in this upper section, some of which are lens-shaped and not
widespread along the section. These different packages should represent different eruption phases of
the volcanic succession. Moreover, some vertical discontinuities were identified in radargrams. Many
of these discontinuities do not result vertical displacement of the hanging wall indicated that these
discontinuities should be interpreted as crack, rather than a fault. Although the contact between
ignimbrite and tuffite layers is covered, we were able to map this contact with NW—SE orientation.

As a result, although there is insufficient penetration and resolution in some areas, GPR technique is
mostly successful for identifying the geological environment of layered sub-surface environments and

volcanoclastic successions in shallow depths.

Key Words: Van, Altinsag, soil profile, Bitlis, Ahlat stone, GPR

123



62. Tiirkiye Jeoloji Kurultayi, 13—17 Nisan 2009, MTA — Ankara
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Biinyesi ve Mineralojik Ozellikleri
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Mersin-Tarsus arasindaki bolge, ozellikle sera ve turunggil tariminin ¢ok yogun yapildigi aliivyonal
bir ova niteligindedir (Berdan ovasi). Bu c¢aligmada, bdlgedeki topraklarin biinyelerinin (tekstiir) ve
mineralojik dzelliklerinin belirlenmesi ve bu 6zelliklere ait ¢esitli parametrelerin alansal dagilimlarinin
Cografi Bilgi Sistemi (CBS) yardimiyla belirlenmesi amaglanmistir. Topraklarm biinyelerini
belirlemek amaciyla yiizeyden (0-20 cm) 204 adet 6rnek, toprak profillerinin mineralojik 6zelliklerini
belirlemek amaciyla ise 40 noktada ii¢ ayr derinlikten (0-20, 60—80 ve 120-140 cm) toplam 120
ornek alinmistir. Topraklarin biinyesi Bouyoucos hidrometre yontemiyle, mineralojik 6zellikleri ise
XRD ile belirlemistir. Inceleme alaninda, Akdeniz sahili boyunca ve kiyidan kuzeye dogru 2-3 km’lik
zonun kum igerigi yiiksek olup bu alanlar kiyr kumul alanlarmi temsil etmektedirler. Akdeniz
kiyisindan kuzeye dogru gidildikge kum oraninin azaldigi, buna karsin silt ve kil oranimnin arttigi
gozlenmektedir. XRD tiim kayag analizlerine gore toprak érneklerinin kalsit, kuvars, feldispat, mika,
dolomit, amfibol ve kil minerallerinden olustugu; kalsit, kuvars, feldispat ve kil minerallerinin toprak
orneklerinin minimum %80’nini olusturan ana mineral fazlar1 oldugu belirlenmistir. Kil mineralojisi
analizlerine gore bolge topraklarindaki kil minerallerinin simektit, illit, klorit, kaolinit ve serpantin
oldugu ve simektitin en yaygin kil tiirii oldugu belirlenmistir.

Anahtar Sozciikler: toprak dokusu, toprak mineralojisi, kil, kil mineralojisi, Cografi Bilgi Sistemi
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The area between Mersin and Tarsus can be characterized as an alluvial plain (Berdan plain) where
particularly greenhouse and citrus fruit cultivations are very intense. In this study, it is aimed, by using
Geographic Information System (GIS) software, to determine textures and mineralogical
characteristics of the soils in the area and spatial distributions of various related parameters. With an
aim to determine soil texture in the area, 204 topsoil (0-20 cm) samples were collected. Whereas, to
determine mineralogical characteristics of the soil profiles, composite samples were collected from 40
different locations and from three different depth intervals (0-20, 60—80 and 120—140 cm) comprising
a total of 120 samples. Soil textures were determined using Bouyoucos hydrometer method, whereas
soil mineralogy was determined using XRD method. In the study area, a zone along the Mediterranean
Sea coast and extending 2—3 km from shore to hinterland has very high sand content which can be
characterized as coastal sand dune area. From shore to hinterland sand contents of the soils gradually
decrease and their silt and clay contents increase. According to XRD analyses results soil samples are
composed of calcite, quartz, feldspar, mica, dolomite, amphibole and clay minerals with calcite,
quartz, feldspar and clay making up almost 80% of the volume. In the soils of the area, clay
mineralogy is mainly composed of smectite, illite, chlorite, kaolinite and serpentine with smectite is
being the most common clay mineral type.

Key Words: Soil texture, soil mineralogy, clay, clay mineralogy, Geographic Information System
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Mishraq Siilfiir Bolgesinin (M-1) Jeoelektrik Ozelliklerinin Korelasyonu,
Kuzey Irak
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Aragtirmanin bu boliimii siilfiir ektrasyonu O6ncesinde Mishraq siilfiir alanindaki (Kuzey Irak) Fatha
formasyonunun alt boliimiiniin kuyuigi jeoelektrik yontemle arastirilmasini igermektedir. Calisma,
stilfiir ekstrasyonundan 6nce arazide dagimik 41 sondajda yapilan normal 6zdireng logu (N647)
kayitlarinin analizi ile siilfiir zonunun jeoelektrik parametrelerinin saptanmasini kapsamaktadir.
Litolojik degiskenler haritalar1 ve jeoelektrik parametrelerden ayrintilandirilan haritalar arasindaki
kargilagtirma istatistik analizler kullanilarak aralarindaki iligki bulunmaya galigilmistir.

Aragtirmanin ikinci bolimi siilfiir ekstrasyonunun yaklasik 30 yil sonrasi Fatha formasyonu
Ozdirencinin ylizey jeoelektrik yontemle arastirilmasini icermektedir. Uygulanan ilk yontem 800 m
uzunluklu iki profil hattt boyunca uygulanan Elektrik Ozdireng Tomografi (ERT) yontemidir. Profil
hatlarindan biri ekstrasyon sahasi yakininda, digeri bu alandan gorececeli olarak uzakta yer
almaktadir. Bu arastirma bir boyutlu (1D) 6zdireng arastirma cihazi (DC Terrameter) kullanilarak
gerceklestirilmistir. Ikinci yontem, 38 diisey elektrik sondaj (VES) noktast verilerinin
degerlendirilmesinde kullanilmis, veriler VES ve sabit ayirim kesit verilerine (CST) doniistiiriilerek
ERT yontemi ilkeleriyle yorumlanmustir. Ugiincii yontem, yine biri ekstrasyon sahasinda, digeri
oradan uzakta olmak {izere iki bolgede Azimutal Ozdiren¢ Arastirmasi (ARS) olarak
gerceklestirilmistir.

Ozdireng haritalarinin  very analizi sonuglari iiretim zonunun jeoelektrik parametrelerinin
davranislarindaki baskin faktorlerin bitiim igerigi ve iletkenlik degeri oldugunu gdstermektedir ve
jeoelektrik parametreler lizerinde sulfur igeriginin 6nemli etkisi olmadigini gostermektedir.

Siilfiir cevherinin ekstrasyon alanindan uzaktaki ERT aragtirma profili ekstrasyon islemi sonrasinda
profil hattindaki ylizeyalti kayaglarinin 6zdireng degerlerinin 6zdireng loglarindan hesaplanan
Ozdireng degerleriyle (ERT arastirma sonuglariin giivenirlik ve giivenilirligini kanitlayan) uyumlu
oldugunu ve alanda kayagclar iizerindeki ekstrasyon isleminin etkisinin varligim gostermektedir.

Ayrica, ekstrasyon alanlar1 yakinindaki ERT profile sonucu alandaki profil hattinda bulunan Fatha
formasyonu kayaglarimin gogunun 6zdireng degerlerinin ekstrasyon islemi dncesi 6zdireng degerlerine
kiyasla onemli derecede azaldigini gostermektedir.

VES verilerinin VES ve CST verilerilerine doniisiim islemi alanin jeolojik ve hidrojeolojik kanitlariyla
uyumlu o6zdireng dagiliminin yeralti goriintiisiinii veren iyi sonug¢lar sunar. ARS sonuglari yeralti
catlaklarinin ydnlerinin saptanmasina yardimci olan iyi bilgiler verir. Gelecekte, Mishraq sulfur
alanindaki 6nemli miihendislik problemlerinin ¢6ziimiinde bu teknik kullanilabilir.

Mevcut calisma sulfur ekstrasyon islemi etkisinin sadece iiretim zonu kayaclarimi kapsamadigini, ayni
zamanda ekstrasyon islemini izleyen subsidans nedeniyle catlakli kayaglarin neden oldugu ekstrasyon
alan1 yakinindaki alanlarda ortii zonu kayaglarina uzandigini da gostermektedir. Bu etki ekstrasyon
alanindan uzak alan1 da dereceli olarak etki altina almaktadir.

Bu calismadan sicak su sizintisinin sadece doguya dogru degil (Dicle nehrine dogru) ayni zamanda
KB ve GB ya dogru ekstrasyon alan1 merkezinden yeralt1 kanallar1 boyunca uzanan derinligin 50 m’yi

agsmadig1 gozlenmistir.
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The first part of the research includes subsurface geoelectrical study of Lower part of Fat'ha Formation
(productive zone) at Mishraq sulphur field, northern Iraq, before the process of sulphur extraction.
This study has included the determination of geoelectrical parameters of the zone by mean of analyses
to the records of normal resistivity log (N64") of 41 boreholes distributed over the area recorded
before sulphur extraction.Comparism between the maps elaborated from the geoelectrical parameters
and the maps of lithological variables was carried out to find their relationships using statistical
analysis.

The second part of the research includes surface geoelectrical study of the resistivity of Fat'ha
Formation after nearly 3 decades of extraction. This study was carried out by three main methods. The
first method consists of conducting Electrical Resistivity Tomography (ERT) through two lines of
800m length. The first is situated near the extraction site and the other is relatively far from it. This
survey was conducted by using 1D resistivity survey instrument (DC terrameter). The second method
was used to process data of 38 vertical electrical sounding points (VES), transforming to VES and
constant separating traversing (CST) data, and then interpreted in view of principles of the ERT.The
third method was done by conducting Azimuthal Resistivity Survey(ARS) in two regions, one near the
extraction sites and the other far from it.

Results of data analysis of the resistivity map show that the dominant factors in the behavior of the
geoelectrical parameters of the productive zone is the bituminous content and the transmissivity value,
and show no significant effect of sulphur content on the geoelectrical parameters. The ERT survey of
the line far from extraction sites of sulphur ore, show the resistivity values of subsurface rocks in the
line site after the process of extraction were in agreement with their values calculated from the
resistivity logs, which assert two things: the credibility and reliability of the results of the ERT survey,
and the absence of effect for the process of extraction on the rocks at that site. In addition, the result of
the ERT profile near the site areas show that the resistivity values of most Fat'ha Formation rocks at
the line site decreased substantially in comparison with those before the process of extraction, which
proves the effect of extraction on those rocks. The process of transforming the VES data to VES and
CST data has yielded good results in giving a subsurface image of the distribution of resistivity in
away that agree with geological and hydrogeological facts of the area. The results of the ARS have
given good information which helped in determining some directions of the subsurface fractures
which extend their effect to the near surface rocks. This technique may be used. In the future, to solve
important engineering problems at Mishraq sulphur field.

The present study also show that the effect of the process of extraction sulphur ore not only covered
the productive zone rocks but also extended to the overburden-zone rocks zone in the areas near the
extraction site due to the rocks fractured because of subsidence following the process of extraction.

While this affect is contained substantially in the area far from the extraction sites.

Key Words: Mishraq, azimuthal, tomography
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