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GENLESME TEKTONIGI VE KALDERA OLUSUMUNUN BOR
COKELIMINE ETKILERI, BATIANADOLU

Cahit Helvacr'and loan Seghedi®
1 Dokuz Eyliil Universitesi, Jeoloji Mithendisligi Boliimii, Tiaztepe YerleGkesi, 35160 Buca/Gzmir,
TURKEY
2 Institute of Geodynamics, Romanian Academy, Jean-Louis Calderon 19-21, Bucharest 020032, Rom
(cahit.helvaci@deu.edu.tr)

Ozet: Ekonomik bir bor yatagmm oluGumu, borca zengin kaynak, taGinma ve kapali
bir ortamda birikimi gerektirir. BatiAnadolu“daki sinirli sayidaki Miyosen havzasi,
diinya ¢apinda bor rezervi igerir. Bor mineralleGmesi volcano-sedimanter istif icinde
tabakalanmaya bagl yataklarda oluGur. Bati Anadolu 6rneginde oldugu gibi ¢arpiGma
sonras1 tektonik ortamlar ¢ok iyi bir Gekilde ¢aliGilmuG ve belgelenmiGtir. Bu
bolgelerde genleGme tektonigi ve yaygm volkanizma giincel caliGmalar ile yeniden
yorumlanmiGtir. Bu geliGmeler aym bolgelerdeki bor yataklarmm oluGumu igin yeni
fikir ve goriiGleride mimkiin kilmiGtir. Kirka bor yatagi bolgesi igin B“un birincil
kaynaginin yerel ignimbiritik volkanizmanin oldugu sdylenebilir. Kirka-Frigya kalderasi,
yeni keGfedilen kaldera sahasi, EGkiGehir-Afyon volkanik sahasimn (EAV) en kuzey
kesiminde yeralir. Kirka bor yatagmin kaynagi, yersel volkanizmanin rolii, volkanik
istifin haritalanmasi, K-Ar ve Ar-Ar yaGlandirilmas: ve ayrintili jeokimyasal analizler
bu ¢aliGma sirasindaki baGlica araGtirma konulandir. Kirkayatagi, gliniimiizde diinyanin
en biyiik bor yatag: olarak bilinir. Bugiine dek, bor yataklarmin marn, camurtaG,
kirectaG1 ve kumtaGi ile birlikte bulunan kalin volcano-sedimanter istifte ve kapal
golsel (lakiistrin) ortam i¢inde oluGtugu diGiniilmiGtiir. Yeni bulgular ise bu tortul
istifin kaldera ¢okiintiisii iginde ¢okeldigini gostermektedir. Bor elementince zengin
Kirka havzasindaki sedimentler aymi zamanda Li, S, Sr ve Asyoniinden de
zengileGmiGlerdir. ZenginleGen elementlerin potansiyel kaynagini lakiistrin sedimentler,
yoresel temel kayaglar ve kaldera ile iliGkili sicak su kaynaklar1 oluGturur. Kaldera
oluGumu  havzadaki 6nemli mineralleGme faaliyetleri, tif igeren sedimentler,
volkanoklastik ~ kayaglar, cakiltaGlar, arakatman Geklinde lavlar ve dayklar ve tim
birimleri kesen ge¢ evre travertenlerin tespit edilmesi ile belgelenmiGtir. Petrolojik
veriler, kaldere o6ncesi ve kaldere oluGumu ile iliGkili volkanizmanin Erken
MiyosenyaGli (19.0+/- and 18.5+/- 0.2 Ma), asidik kalkalkalin karakterli, buna karGin
daha sonraki volkanizma Orta Miyosen“de (16.91+/- 0.05 and 16.1+/- 0.2 Ma) geliGen
kalkalkalin, ortag, alkalin ve yiiksek alkalin nitelikte oldugudur. Kirka kalderasinin saha
verileri, asidik volkanizmanimn bor cevherleGmesi oncesi ve sirasinda, buna karGin
ortag alkalin volkanizma ise cevherleGme sonrasi oluGtugunu gosterir. Bu sonuglar,
Erken Miyosen yaGli yaygin ignimbiritik asidik volkanizmammn borlar ile ¢ok yakin
mekansal ve maddesel iliGkisi oldugun gosterir. MineralleGme ile baglantili olan yiiksek
orandaki elementlerin kaynaginin yaygmn asidik volkanizmanin oldugu s6ylenebilir.
Volkanizmanin yiiksek icerikli B, S, Sr, ve Li gibi elementleri kaldera alaninin
sedimentlerine beslemesi ile ilgili mekanizma ise, sicak meteorik sularin volkanik
kayaglar yikamasi ve kaldera sonrast magmanin gaz salmasi Geklinde olmalidir.
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Abstract: The formation of large, economic borate deposits requires a boron-rich source and
a means of transporting and concentrating the boron in a restricted environment. A limited
number of Miocene basins in western Turkey contain world class borate reserves, with
mineralisation present as stratabound deposits in volcano- sedimentary successions. Although it
has been well-documented that these conditions are most easily met in post-collisional tectonic
settings, of which western Anatolia is a prime example, recent advances in the understanding
extensional tectonics and extensive volcanism in this region, makes possible to gain fresh insights
into the formation of borate deposits. Local ignimbritic volcanism is considered the primary
source of the B for the Kirka borate deposit in this area.Kirka-Phrigian caldera, a newly
discovered caldera area, is situated in the northernmost part of the Miocene EskiGehir—Afyon
volcanic area (EAV). This work seeks to establish the role of local volcanism as a source for
Kirka borax deposit by involving mapping of the volcanic sequences, K-Ar and Ar-Ar dating
and detailed geochemical analysis. This location is known for long time ago by its borate
deposits, the largest in the world. Up to now it was recognized that borates were formed in
close system lacustrine environments connected with thick volcano- sedimentary successions
associated with marls, mudstones, limestones and sandstones that according to our new findings
represents a caldera collapse basin.The mineralised sediments in the Kirka basin, as well as being
enriched in B, are variably enriched inLi, S, Srand As. Potential sources for these elements
include lacustrine sediments, local basement rocks and hot spring-caldera related activity. Post-
caldera activity favoured important sedimentation in the basin, as documented by the presence
of tuffaceous sediments, volcanoclastic deposits, conglomerates, interbedded and cross cutting
lavas and late-stage crosscutting travertines. Preliminary petrological data show that pre and
caldera-related volcanism to be acidic calk-alkalineandgenerated in Early Miocene(19.0+/- and
18.5+/- 0.2 Ma), whereas later volcanism is calk-alkaline intermediate and alkaline and ultra-
alkaline being developed during Middle Miocene(16.91+/- 0.05 and 16.1+/- 0.2 Ma). Field
evidence in the Kirka caldera-type basin indicates that the acidic volcanism occurred prior to
and during borate mineralisation whilst the intermediate-alkaline volcanism occurred later.
Hence, as well as having a close spatial and temporal relationship with the borates, the Early
Miocene acidic volcanism with vast ignimbrite occurrencesand high levels of elements
associated with mineralisation it is therefore considered as a likely major source. Possible
mechanisms by which volcanism might supply high content of B, S, Sr and Li(to the caldera-basin
sediments include the leaching of volcanic rocks by hot meteoric watersand post-caldera
degassing of magmas.

Keywords: extensional tectonics, caldera formation, bor mineralization, Early Miocene, Kirka-
Phrigian caldera, western Anatolia.



