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ABSTRACT

DISCRIMINATION OF DIFFERENT BORA TE MINERALS IN THE KIRKA BORAX OPEN
PIT MINE BY USING REMOTE SENSING TECHNIQUES

Boron is very scarce and unstable element in the nature. It combines a@thQ Ca and Na and generaté®rate minerals.
Boratemirerals areamong themost important and stratégmineral n the world As it will probably be used as energy source in

the future,it has great importanceToday, it is used imocket fuel and heat resistant glass industry, espigdiaday's modern

industry has found wide use in the fieldirkey has abouf0% of world reserves of borate mineralsmd onl y Kéar ka Bo
has approximately 83fillion tons of borax reserve. Boratrinerals are defined as tincal, ulexite and coleiteam this field

(Eti Maden 201.

The main aim of thistudy isto discriminate different boratminerals fromtheK ér ka Open Pi t Mi R2e by wu
satelliteimages|t is known that, WorldView2 is a new satellitewhich wadaunchedn Octoker 2009and has highspectral and

spatial resolutions. Itis the first commercial highesolutionsatellite (0.46 mfor panchromaticve 1.84 nfor multi-bandg to

provide 8 spectral sensors in the visible to nedirared range.Location of dferent boax minerals inthe open pit minehas
beenindicatedby GPS.Spectral signtures of these minerals have beeterpretedand different reflectance properties for

different spectral band intervals have betsterminedDensity slicing techniques have beeged by using interpretatiaesults

of spectral signatures of each mineraBomparison of the result image and the ground through data have indicated that, the
image obtained by using remotensing technique from WorldViéwsatellite images has nearljheé same borax minerals
distribution pattern | i ke t hé adgitioo torthét,drdliegelags have revallkated with-3 Op e n
Dimensional mining exploration software and solid model of different borax minerals have generated. Atkhé enk a Bor a x
Open Pit Mine solid modehave creatednd resources have estimateglthe correlation of remote sensing an®Bnensional

mining exploration results.

Keywords: Borate minerals Keér ka, R aModdVien2 Ifhagessi n g,
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1. GKRKKk

Borminer al I | er i d¢nyanén en °nemli ve stratejik minera
olarak kullanél masé bu °nemmideamt teérdiaemlerirand ebrokrl &¢ af mp t
kull anéméneé k ek fett miyratkiet e n Baomr alkks éyraok dayaneéml é cam
kull anéel maktadeéer .

@ D

T¢rkiye bor rezeOwvilreegisnnami Ballibm k @Kis&chidars.eé 8 3rézevimé | y on

sahiptir. Bu sahada bomirerallleri tinkal (boraksNa boi), ¢l eksit vV e kol emani t ol a
-al ékmarmKén kamadAc @k Mbébdé nundahrire@lerthi@ zbkt an al gél ama t ek
ayert edilebil mesinin araktérél masédeéer . ZABhktaniorcidiin] i gi
hakkénda bil gi edinebil mek ve (Jeosenu2000Bapalil eEmenanéhanana
Kérka A-nekOcMgdcenda bulmimer af bekli ai baraktan al gél ama
edil ebil mesiame wzmeltiaknt iarl.géB ama y°ntemleri ile bu y°
-al ékmada WordView2 uydu g°reé¢nt el eri kull anél méxkt ér .
g°zl em udusywdmir . uyduya 7 yéllilrélke ntmi kKt igPr ewWosl d¥iéw?2
yékseklijine sahiptir. Ayni n o k (Satellite imagingCodpa@48 k 1. 1 g¢n
KIl'k yer g¢g°zIBERWWA(YWAUbhsau swminam adé Landsatl ol araln deji kK
génhemegze kadar uzaktan al gél ama y eInot8eOmil & lyeé Ibliarr- oakr acsi
futbol sahaséndan daha b¢gyek cisimler uzaktan algel a
cisim b¢egyeéikl ¢méeolOmuwktmurX 0Sadece bu konudaki gel i kme
°zellik katméexteéer. Bu -al ékmada i se, bir a-ék maden
ayért edil meye -al ékél mekteéer.

2. CALI KMANI N AMACI

Bu- alaglakKmr ka A-ék Mbhdeuon®oaf anklioéemineralerbyef € edhi meye - a
r

Bu -al é&kmada wuzaktan algélama y°nt emi kull anél mext e
kull anéel mexkt ér . Wor | ik(siyerwh2yayidudaen®@ @agkrgmbg veri si
bandl & g°re¢nty¢ verisi i-inde 4 1&Rdethamayvia,r ay M &Ekntdaadt e/rer
Bu uyduda bulunad i | er baynednliarb ainsde ar al éd&ndlaamavA & e s B hi plemag . Rer
y a kkééenz é | °tesPa@anbranmddtairledbandeéen Sapebite BnagingCeop ¢ 200.1446 . m&tdo
bandl é& g°re¢nteg veri si ise 1.84 m X 1.84 médi omlan Bu - &
yojunluk dilimleme y°ntemi kull anéel mekter. Baharmadar
mineralllerinin spektta yanséma ©°zéImi kHelr e rfiar &Il gire¢meethiegarle tdej i Ki k|

spektral imzalar kullal ar ak en anwvgeh € bmndt i diml eYnog uwng eutkieIndieind b u
iczerinden yapeél méxkteér.

Far kl e mi nerallerin a - e &k noacl aakrtéa k $ € rdaasj@gent deamisémacgigld aarna z a
belirl enmiktir. éMi noecabketlag readdjaggewn@ml| ear-e gi di |l mi kK ve
dejerleri GPS ile alénméktér. Bu dejerler sonu-ta eld

3. ¢ALI kMA BEABENYXE JEOLOJKSK

¢tal @ékma al ané Eski(kedkit)i.r ¢ d| éskémmaé rael ain-é& nHisekdiikkehir yer |l
uzakl ékta Kéerka yerlexkim yer.i civaréndadér. Seyitgazi
bu -al ékma al ané s é&nérAfyardéviet kaayolueland6 6 me ko b di Kér Eaki &eh
i-inden ge-mektedir. Kérka yerlekim yer. -al ékél an sa
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kekilc¢dl ékma al anénén T¢rkiye ve -evre iller i
31. B°l genin Genel Jeoloji si
B°l genieol oj i si ¢ @jk enu KNi6uanjeari ched eOrt a ve | st Miyosen dF°
°nemli rol oynamékteér. Orta MiyosenoOohmént gelpoediamdef ki
ol uKkmuXaluréen 219¢l) TBiafylalmadbb syaz renk il e go°rgél erler. Bu ©

kolayl ékla ayért edilematnrVvert gsBugbidaliamnmbaeg bli g n° 6 @d
-al ékan araktérmacél ar tar aférnadlgme kSabrréeXaya For masyonu

Cobanlar.

Kirka Agik Ocak ve Cevresinin Jeoloji Haritasi

Aciklamalar
Faylar

Yerlesim yerleri
A

Saraycik Ciftfigi
Litoloji

B Na-boraks fasiyesi
[ NaCa-boraks fasiyesi
[ Ca-boraks fasiyesi
[ Fetiye for. (Tpf)

[ Sarikaya for. (Tms)
[ Temel Volkanik kayac
Il Ultrabazikler

1:72683

1:72683 |

kekiYlal2.én ve BayabEh@rxr€91lanan -alékemansakas®jve ha

Bor mineral er i ni i -i9dreéelkayaE&ndér masy o rbuimdo.[Oa it ak vadl|lasndeMiéy
vol kannkgetul adeé] i bor yig-uer iklolkeurl il ab W ahminetakesdna r umiknu f ar k|
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sajl amékYakld®&BéluzieDbéménda el ips «kekl i ndémlgdrnkak vee n mi |
kenar | artat igkb-pek 8 i gi vber minerdllerima k e 1 mi( Hle ¢ v @ ic @ 2084 Bu mDerdl i
zonunun olukmaséna b°lgenin tektonijinin b¢yéik etkis
b°l geyi etkileyen tektonizmadan kaynakl andéjé sanélm
ger¢nt il erbekutl anmi ar k. ¢izgiselliklerin y°nlerini.]
birbirleriileuyumMuo |l duj u anl akél mékteéer .

32. A-ék Ocakta G°zlenen Miner al Cexki t 1 il 17
Yal - én ve HebHeslavla c(él 9v%K gQrktai A(-2e0k0rd4@ c a kyeavpet |ackilelkiri éade a k
yézeyl emiemerbaolrl erinin -emrrbkéeérmalt arénashanec&lar gmapl ar
ortaya koymuxkl ardér Bu mineraller tborn, k a}l NeCddmrie k s ) ,
KolemanitCabor ol arak tanémlaneéer. ¢tal ékélan a-é&k ocakta me
kol emani t bul unur . Bu ocajén ©°zellifji ol arakbnbum «kKeki
ocakt an genellkle tinkeidnBu nedenl e, °ncelikle bu tg¢r bor mi n
-al me&t ér

4. ¢ALI KMA Y¥NTEMK

Bu -al ékmada farkl e bor mi neralll erinin birbiouerind
olamayach éar akt érU hméahéra.l gél ama bir ci sme dokunmadan o]
tanémlama i-in cisim ¢zerinde uzaktan algél ama y°nt e
verilerin toplanmaséDgerekmdaRir&8dir Gegwamiczdangasi f u :

°l -¢m biri mi el éwr)kriodndaentyiedtiirk. eBwerliiri m fHekl| é&i smienl €&
dal ga boyu aral é] énda f arket abd Veolfirl8ByBu sddéj @r lod rdud e] dn Il e

cismin imzasé Bortaka atakaereambee. farkl é cisimlerin f
topl amék| arcisimerinb gt kmlnmaoded ketrur muk | ar dér . Uzaktaheml gel
k¢t e¢phanel eri kull anarak ayéreém i kKlkeeml deirlienrii ndi a hgae | hi akst:

(Campbell, 1996).

Bu |-ex mada Kérka A-¢ék Maden Oc ajB@andaar aarn az-ial gkmlasml es
m¢ h e ndengerdeldibi | gi | er al énméxkt ér . Sahada g°zl enen miner a
farkl é@ minerallerin yojun ol arak ogfinerdllermdppktiya&lr| gans
dejler i ne ai ttarakg a g phahe k ma da mikeale F an®l amak i nkal , ol eks
spektral i mz al(US6GS, 2O0YdKnz &ldad myet uml Aeméw vér ni neenl nde
geré¢nece]i band ar al €] Spekiradi rbzed li arrl &m mear u lag N nmansneerkd a r |
yapélaréndan dol ayé emr@dyst emdned iviek ytaghesealt @emame ktedri k1 er

T rrrr|rrr 1| rrr 1| S S A T e B
Tincalconite GDS142 WiRlBa AREF [ vlexite nsaa1.3p WiR1Ba AREF 1
" clark and others 2007, uses, ps231 [ clark and others 2007, Uses, Ds231
Digital Spectral Library 1.0 pigital spectral vibrary

1.0 spiivosa 22026 w= 6 I splib06a 23270 w= 6

REFLECTANCE
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0.0 1 1 I 1 1 al 0.0l I 1 1 1 ]
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TrrrrrTr T[T
| colemanite cps1a3 WIRLEb AREF
[ clark and others 2007, uscs, Ds231

1.0 bigital spectral Library

[ splibosa 6019 w= 6

REFLECTANCE
o

0.0-...I... 1

0.5 l1.0. = lIS ~ 20 2.5 3.0
WAVELENGTH (Wm)
(©) (d)
kekiBloraa.ks mineralll erinin dalrga boyl aréna g°
(a). Tinkal, (b). i leksit, (c). Kolemanit
Tinkal, ol eksit ve kol emani tfiaar kd pe kkearal | drnizrilmar £ a ryko

aral ekl areéena karkeéel ék gel en y(aaek e mad.lFaaraékd gamerbfleanmk | € o
spektral y aayd erramat a Kk Eibh e dh k kt e vy o rkuenklid).nBoFyeruma sorléunda
uzaktan algélama y°ntemindpirkuybapaé&inas admmlaycguror band
minerallernin dalga boyu0.40 . 9 Om) ar as énkdéan bdigef]betrel reeri k h e Migeralierinl a k € | n
dalga boyu(0.92. 0 Om) araséndaki s phelirgingdlar kaled @jina ada] e rélkanéi
Mineralllerin calga boyu (2.02.5 O m) a rka s édnedjae r birbineiiney ayki éare @lepsahi pr ol duk
g°zl e ml.&orldViewR uydusaun- ok bandl & al gél ayécésénén &ehkip ol
4).

WV2 Pan

|
wens| NN

Coastal Blue Green Yellow Red RedEdge

Near-IR 2

400 500 600 700 800 900 1000 110q
Wavelength (nm)

k e k iWorld¥iew2 uydusunun ok bandl é allgpeyay&rca&lsekidail g.

Bu -alékmada WorbdViaw2kmaggaNeR®Rom| Wafjdémdandn akél mékt é
mi ner al laldmedeblbaadk @ | | anBémkat BoWwokd d@daaejw® wuydu g°°r¢nt
yor uml a faklé@iénnedraa | teild-mrl ayreémém kul |l anmadan (Rgkit BYWiIil eb

S

kekiKler.a Boraks Maden ocajénén (R&BH3I2dVi ew2 uydus
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Uzaktan Al gélama y°ntemi ol arak BHwjyhhdekimde hi Woe ina Vi
bandé wuvuzaktan algélama yazélémeée ile ekrana getiril mik
mi ner al zonlaré g°r¢nt¢ ¢zerinde belirlenmiktir. B u
Tinkal, ol eksit ve koglaema&miati aamébrnue N&RR baabdi ay zer i ndd8u yapel
noktalarén en d¢kéegk ve eBuy dlk$ ek yn $Vare\Gewugduserem MIR2 e di |
bandé kullanél akaksjt eBkbdenddrirl Emi gbho- (arazi g°zl emle

kekiYlojau.nl uk dilimleme y°ntemi sonucu olukturul an

Zi gzl eml eri ile yojunluk dil i mlemé,¢yBenzelikleni ile
uj u go°r ¢l megktgr . Ocajén orta késmena karkeéelek gel
Koiltemanit sénéré ocajén K ve G taraflarénda belir
k il arakememi ktir. Yukar éda t(ukmbkai |s Bdnaedededuda®clagke dseé n é
k mi neraller kar &k mék bir dur ubndlaldiér bi rheay &r éfm
I

ebil mi ktir

> DO

u -al ékmada y2zakemhnKarlg@&@hBma Kkl et mes aMj;ldsomdajcfilgri t ar a
ul | a negheranodellemaesinh az ér | anmas & .d aB ub unhoudnem al ket éasdaéirtk k@ ma [ € n
e uzunk ad@BBmmodel | e me 8Biumogedlgpmes | ankéakmaEsrénda uzakt e al gé
ozl eml er i sbormicmerhall idadjealedml B ¢l grédektki al teec ekl égrPmégknt ¢err

a

ynak miktar kvées aB 2v@3 udzaujpnérlitéanpéa mk o hemuvak ur
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kekiUzun® nem A- é&BMd@aia&° B¢negr ve Muht gmel Kaynak [

5. SONU¢LAR VE ¥NERKLER

Yapél an -al é&kmalar sonucunda akajédaki sonu-1lar el de
x Bor minerali olan tinkal , vylretkesmit iviee kaoyl éernta ne dti luezk
x Bor minerallerinin spektraé | r (0192t 0 Om) arasénda farkl el ék g°ster
X WorldView2 uydu verisi yeni spektral bandlara sahi@iu - al ék mada bor minerall el
en iyi spektorladlujbuamddm kKNIIRE Kt €71 .
X Worl dView2 uydu g°re¢nteglerinin ayéréem gjc&€mrneéen yeék
dej i ki mi ko n larsvermetttedir.i yi sonu-
x Buna karkén sp@edt.roaddnplaajdemaas@hiéep uydwerg® rayretrgl e
etmede daha bammagkélee JIASTER, anlbagél
¢tal ékma sonucunda akajédaki ©°neriler yapél méxktér . ;
x Bor mineralleri aramalarénda veya a-ék ocak model
y°ntemi ©°nceli kddérol arak kull anél mal
x Uzaktan algélama y°ntemlerinde bor min@82a.ld |1@&m)i ni
araléejéna karkéel ék gel ecek bandlarén kull anél maseé
X Bu t¢r uzaktan al gél ama -al exmal laareean &d i d Mawdyequ IKe

yapélan -aléxkmanén dojrulujunun sénanmasé bakeémeén



