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Turk Maden Mevzuati Evriminde Madenlerin Miilkiyeti ve
Rejimi

The ownership of Regime of Mines in the Evolution of Turkish
Mining Legistration

T. D. Yildiz _
Istanbul Teknik Universitesi, Maden Fakiiltesi, Maden Miihendisligi Boliimii, Istanbul

OZET Osmanli Devleti doneminden Tiirkiye Cumhuriyeti doénemine, iilkemizde maden
mevzuatimn gegirdigi evrim siirecinde madenlerin miilkiyeti ve rejimi konusu, gerek Medeni
Kanundaki genel hiikiimler gerekse de 6zel bir kanun olan Maden Kanunundaki hiikiimler
gergevesinde yillardwr degerlendirilmis ve birtakim yorumlar ortaya konmustur.

Madenlerin yerylizine ¢ikarlmast siirecinde bu komu; gegmis doénemlerde Tiirkiye
Cumbhurivetinde Anayasalar basta olmak iizere, Yiikksek Mahkeme kararlarinda da yorumlannus
bulunan, maden haklarim veren Devlet ile maden sektorii yatiruneis: ruhsat sahipleri arasindaki
iligki ile birlikte, maden kanunlarinda ortaya konan degisimle tekrar yorumlanmaya ve
incelenmeye deger bir durum arz etmektedir. Bu ¢ergevede, yeryiiziine ¢ikaridmasinda toplum
yaranmmn 6n planda tutulmasi gereken madenlerden en iyi sekilde yararlamlmasi amacryla,
madenlerin miilkiyeti ve rejimi konusunun gegmis donemlerle karsilagtindlmak suretiyle, son
olarak yiiriirliige konulan Medeni Kanun sonrasindaki donem agisindan tiim hukuk sistemi
igerisinde yorumlanmasi 6nem tagumaktadir.

ABSTRACT From the period of Ottoman Empire to the period of the Republic of Turkey, the
topic of ownership and regime of mines, in the process of evolution of mining legistiration in
our country, has been evaluated and a number of comments were done within the frame work
of the general provisions of the Civil Code as well as the Mining Law which is a special law.

This issue in the process of removing earth metals, the Republic of Turkey in the past
Constitutions, especially decisions of the Appellate Courts in the interpretation of the mining
rights license holders that the relationship between the State and the investor in the mining
sector, along with the changes set out in the mining laws, re-interpreted and worthy of study is
of a nature. In this context, the removal of earth, stones, the best way be to keep in the forefront
of the interests of socicty in order to benefit from the mines, property and the issue of the
regime by being compared to previous periods, and finally put into force after the period of the
Civil Code in terms of the interpretation of any legal system is important.

1 GIRIS

1.1 Medeni Kanunda Madenlerin Konumu
Medeni Hukuk, genel olarak miilkiyete ve
mal smiflandirmasma iliskin diizenlemeleri
ile, gerek idari yonden gerckse de yargilama
yoniinden madenlerin hangi kistaslara tabi
olacagimn belirlenmesinde, 6zel kanunlarin
(K.) ve Anayasanm 6ngordiigii diizenlemeler
ile birlikte hukuk sistemi igerisinde yer
almaktadir.

Madenlerin de igerisinde yer aldigt kamu
mallart, Kita Avrupast Hukuk Sistemlerinde
idare hukukunun bir konusu olarak cle
almmaktadir. Bu mallarm biiyiik kisnmu degisik
acilardan 6zel hukukun 6ngérdigii hak, yetki
ve 6devlere komu olmakla birlikte bir biitiin
olarak kamu hukukumun diizenleme alamna
girmektedir.

Oncelikle “kamu mallar” tabiri; “devlet
mallart” (Onar, 1944; Saymen ve Elbir 1963;
Kirbas, 1988; Maliye Bakanligl, 1998), idare
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mallar1 (Diiren, 1975) ve daha birgok
sayilabilecek isimlerle isimlendirilebilse de,
Giilan, yalmzca “kamu malt” tabirinin
kullamlmasmm kavram kargasasim gidermek
adina uygun olabilecegini eserinde dile
getirmistir (Giilan, 1999).

Idarenin maliki oldugu; hikkiim ve tasarrufu
altinda bulundurdugu; halka kullandirdigy;
hizmetlerinde, faaliyetinde kullandif1 tagimr
ve tasinmaz mallarin hangi hukuki rejim veya
rejimlere tabi olacagy; bu tiir uyusmazliklarda
hangi yarginin gérevli olacagi konulart “kamu
mal” kavramma baglh konulardir (Yayla,
1994).

Cagdas hukuk sistemleri igerisinde kamu

mallart teorisi, az ¢ok degisikliklerle Fransiz,
Alman ve Isvigre Hukuk sistemlerinde
gelismis olarak yer almaktadir.
. Tirk Medeni Kanun’un (MK.) kaynagi
Isvigre Medeni Kanunu, kamu mallanmn ayn
nitelikte olmadigimi, bunlardan ancak bir
kismmin Medeni Kanun hiikiimlerine tabi
olacagim, diger kismumin ise kamu hukuku
kurallariin alanina girecegini
kararlastromstir. Bu kamu hukuku kurallan
ise Isvigre’de Kanton Hukukuna dayanmakta
ve boylece Isvigre Medeni Kanunu ve Kanton
Hukuku kurallan kamu mallarini
diizenleyecek bir yeterlilige sahip olmaktaydi
(Kirbas, 1988). Ancak Tirk Medeni Kanunu
ise, Kanton Hukuku kurallarim almadigy i¢in
kamu mallart  agisindan  sadece kendi
uygulama sinirim ¢izmistir. Soyle ki:

Diiren’e gore iilkemiz kamu mallan
teorisinin temel sistemi, Fransiz ve Alman
Hukukundan farkli olarak, Isvigre’deki gibi
pozitif bir hukuk kuralinda, Tiirk Medeni
Kanunu madde (m.) 641°de (Isvicre MK. m.
664) yer almaktadir. S6z konusu maddede
ongorilen kamu mallarim diizenleyecek 6zel
vasa kurallann da bugiine kadar ¢ikarilmadif
icin kamu mallarmin  kullamlmast  ve
vararlanllmast  doktrin  ve  ictihatlara
dayanacaktir. Dolayisiyla yazara gore, Tirk
dokrininde  baskin  goriisiin,  Fransiz
hukukundaki ayrmn (6zel mallar - kamu
mallart aynmumn) benimsenmesi seklindeyse
de Medeni Kanunumuzun Isvigre’den alinms
olmas1 ve s6z konusu yasanmn ¢ikarilmamasi,
kamu mallann iizerinde Isvigre Hukukunun
kabul ettigi cok daha agik ve basit ayirimun
benimsenmesini zorunlu kilmaktadir (Diiren,
1975). Nitekim Tirk Hukukunda kamu
mallar1 daha ziyade bilimsel 6greti ve yargisal
kararlarla diizenlenmektedir (Kirbag, 1988).
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Hukuk tarihi igerisinde Kita Avrupasi
Hukuk  Sistemini benimsemis bulunan
iilkemizde, bu gergevede dar anlamda ya da
tahsis amaclarina gore kamu mallarm kendi
icerisinde, orta mallart - hizmet mallan -
sahipsiz mallar olarak aywrabiliriz (Diiren,
1975; Kirbas, 1988; Giilan 1999; Derdiman,
2004; Yidirim, 2012). Bu ayrunda “sahipsiz
(seyler) mallar” kategorisi adeta dogal niteligi
geregi kamu mallar teorisinin bir sonucudur.
Bu kategori iginde sayilan mallarin ortak
Ozelliklerinin  6zel miilkiyete gecirilmeye
elverisli olmayan mallar oldugu
soylenmektedir. Aym sekilde “devietin
hiikiim ve tasarrufu altindaki mallar” ifadesi
de kimi zaman “sahipsiz seyler* bashkli
kamu mallart kategorisiyle esanlamhi olarak
kullanilmaktadir (Giilan, 1999).

Medeni Kanun’da konuyla
iliskilendirilecek ana husus, miilkiyet hakkinin
kapsanmdir.  Oncelikle — miilkiyet — hakk:
sahibine en genis yetkiler veren ayni bir
haknr. Bir sahsm birseyi mutlak, daimi ve tek
bir ele birakilacak bir sekilde irade ve fiiline
tabi bulundurmak konusunda sahip oldugu
yetkidir. Miilkiyet hakki, ayrica Kkisinin
diledigi sekilde mali iizerinde yararlanma, her
tirlic  tasarrufta bulunma ve kullanma
hakkidir. Bu, miilkiyet hakkimn mutlak
oldugunu gosterir. Tabi bu hakkin seklinin ve
amacinm, halkin  veya kisilerin  zarar
gormesine meydan vermeyecek kurallar
vasitastyla simrlandirilmasi gerekir (Saymen
ve Elbir, 1963; Diiren, 1972). Yine, bir seye
sahip olan kimse, o sey lizerinde diger
sahislann  tasarruf veya faydalanmalarina
engel olmak ve o seyden miinhasiran kendisi
yararlanma yetkisine sahiptir. Buna karsin
miilkiyet hakkmm daimi olmasi, birseyin
sahibinden baskasimin elinde bulunmasi,
millkiyet hakkmin kaybedilmesine neden
olmaz. Nitekim Medeni Kanun’da ve 1982
Anayasasi’nda (m. 35) toplum ve kamu yarart
gerektiginde bir kimsenin miilkiyeti iizerinde

sturlandirma vapilabilecegine iliskin
hiikiimler mevcuttur (Ertas, 2002).
Miilkiyet kavramindan “madenlerin

miilkiyeti” konusuna gelirsek; Tiirk Medeni
Kanun’un kaynak iilkesi Isvigre dokrininde
madenlerden ne anlasilacag: ihtilafhidir. Bu
millkiyetin maddi (cismani) seyler ya da
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isletme hakki oldugu yolunda bashca iki
goriis bulunmaktadir.

Maden miilkiyetinin konmusunun maddi
seyler oldugunu kabul eden goriis, maden
denildiginde, belirli bir toprak pargasinda
bulunan maden cevherlerini, ﬁuyulanm,
galerilerini, makinalanim ve diger tesisatim
anlamaktadir. Sayilan maddi seyler tizerindeki
milkiyet hakkiysa, maden miilkiyetini
olusturmaktadir. Bu goriiste, maden tipki
“maddi bir sey” olarak tagmmaz olup, burada
maden miilkiyeti ile herhangi bir tasinmaz
miilkiyeti arasinda, hukuki nitelik ve igerik
yoniinden bir fark bulunmamaktadir. Bu
goriiste madenler, maden teknigine uygun
tedbirlerle isletmeye uygun “maden yatagil”
kabul edilmekteydi.

Ikinci goriise goreyse, maden miilkiyetinin
konusu, bir “isletme hakki”dir. Niteligi
geregi, maden sahasinda kuyu ve galeriler
a¢cmak ve madenin isletilmesine yonelik diger
tesisleri kurmak gibi haklarla birlikte, bir
biutin olusturan isletme hakki, maden
miilkiyeti konusunun esasinda bir haklar
demeti oldugumu gostermektedir. Ancak,
madeni isletme hakk:, maden tizerinde maddi
bir egemenlik kurma yetkisini vermez (Asula,
1968). Bu goriiste ise isletme hakki, bagimsiz
ve daimi haklar gibi tasmmmaz olarak
degerlendirilen bir hak tiiriiydi.

Maden miilkiyetinin konusunu saptamaya
yonelik bu iki goriis arasindaki ortak nokta,
her ikisinin de madenleri tasinmaz olarak
kabul edip, ona iginde bulundugu toprak
parcasindan bagimsiz bir nitelik tammalarndir.
Buna karsm her iki gorlis, madenler
iizerindeki miilkivet hakkinin ne zaman
dogacagi  sorununda  bitbirinden  farkli
diizenlemeler getirmektedir. [k goriise gore,
miilkiyet, imtiyazin veya ruhsatin verilme
tarihi ile kurulurken, ikinci goriise gore ise,
igsletme hakki sahibinin madenler {izerinde
sahip olacagt miilkiyet hakki, ancak madenin
¢ikarlmasindan sonra ve genel hikiimler
gergevesinde dogan bir tasimr miilkiyeti
seklinde anlagidmaktadir (Asula, 1968).

Yani, ilk halde, madenler 6zel miilkiyete
konu olabildiginden, maden maliki, heniiz
¢ikarilmanus  cevherlerin - de  sahibidir.
Ikincisinde, yani devlet tarafindan verilen
“igletme hakki”nda ise, bu hak, madeni
¢ikarma ve ¢ikardan cevherler {izerinde
miilkiyet kurma hakki vermez.

1.2 Madenlerin Miilkiyeti
Konusunda Devletin Konumu

ve Rejimi

Madenlerin miilkiyetinin kime ait olacag:
maden mevzuatinda yer alan temel konularin
basinda gelmektedir. Gegmiste, “maden
cevherlerini  bulanlara  miilkivet  hakki
tantyan sahipsiz egya” degerlendirmesi de
yapilms (Kubali,1944a) olsa da; gliniimiizde
madenler, icinde bulunduklann arazinin
miilkiyeti ile iligkilerini diizenleyen iki farkh
hukuk sistemi i¢inde degerlendirilmektedir.
Birinci sistem olan “accession sistemi”ne
gore madenler, igerisinde bulundugu arazinin
biitiinleyici parcasidir (miitemmim ciiz’ tdiir).
Bu sistem, madenleri topragin ayrilmaz
pargast kabul ederck, arazinin altimn ve
istiiniin miilkiyetini birbirinden ayirmayarak,
arazinin ylizeyine sahip olan malikin aym
zamanda arazinin altinda bulunan madenlerin
de sahibi olacagm kabul etmektedir. Yani

arazi sahibine, arazinin altinda bulunan
madenlerin -~ miilkiyetini  verirken,  bu
madenlerin - aramp  igletilmesi  amaciyla

yeryiiziinde ve yeraltinda kurulacak tesisleri
de maden hakkina dahil etmektedir.

Bu sistemde, arazi sahibi, topraklarnda
¢ikan ve bu nedenle sahibi oldugu madenleri
bizzat kendisi isletebilecegi gibi, madenlere
iliskin haklarmi da diger 6zel kisilere gesitli
anlagmalarla devredebilir. Gegmiste bu sistem
Osmanli Devleti’'nde, Carlik Rusyasi’nda ve

Biiyiik ~ Britanya  gibi  imparatorluklarda
gegerliydi  (Telli, 1989). Ulkemizde bu
sistemin kalintis1 Tagocaklar

Nizamnamesi'nde (T.N.) goriilmustiir (T.N.
m. 2; Tirk, 1979). Giiniimiizdeyse bu sisteme
genelde ABD ve Giiney Afrika Cumhuriyeti
gibi 6zel hukuk gelenegine sahip tlkelerde
rastlanilmaktadir. Ancak belirtmeliyiz ki son
donemde Giiney Afrika Cumhuriyeti'nde de
devletlestirmeye yonelik ciddi  caligmalar
gozlenmektedir (Tamzok, 2008; TMD, 2011).
Dolaysiyla  dinyanin  hemen hemen her
yerinde terk edilmis durumda bulunan bu

sistemin bugiin arttk uygulama alam
kalmamstir denilebilir.
Bu sistemin bugin yaygin olarak

uygulanmasim engelleyen sebepleri yamsira
sakincalar1 da bulunmaktadir. Ciinkii stmrli ve
titkkenebilir dogal servetlerden olan madenler,
iilke sanayisinden ulusal savunmaya kadar
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genis alanda énemli bir konumda bulunmakta
ve llke ckonomisinde dogrudan 6nemli rol
oynamaktadir.

Ayrica bu sistem toplumsal sakincalan da
barindirmaktadir. Cogunlukla genis bir sahaya
vayilan madenler, birden fazla bulunan farkh
arazi  sahiplerinin  miilkiyet  simrlarina
girebileceginden, bir maden yatimmcisimn
bunlarin herbiri ile anlasmast ve madenin
tamammm  igletmesi  zorlagabilir.  Bunun
yvamsira madencilik sektoriiniin basta finansal
ve ckonomik y6nlerden olmak tizere birgok
yoniinden dolay1, arazi sahiplerinin bir araya
gelerek sitket kurmalann ve madencilik
faaliyetlerini gerceklestirmeleri pek o kadar
kolay olamamaktadir. Ayrica madenlerden en
iyi sekilde toplum yararimn ortaya konulmasi
karsisinda, ozellikle stratejik madenler olmak
lizere, tim madenlerimizin aranma ve
isletilmelerinin imtiyazla yabanci girisimcilere
comertce verilmesi durumunun, devletler
arasinda siyasal rekabetlere hatta
miidahalelere ve niifuz alanlann olusumuna
neden olabilecegi bir gergektir (Onar, 1966;
Findikgil 1966; Azrak, 1980; Telli, 1989;
Giinay, 2001).

Iste bu mnoktada madenleri, icinde
bulunduklart arazinin miilkiyetinden ayn
degerlendiren ikinci bir sistem, “deviet

hakimiyeti (domanial) sistemi", 6zel tasinmaz
miilkiyeti hakkimn ortaya ¢ikmasi sonrasinda,

maden sahalarnmin  isletilmesi  siirecinde
tasinmaz  miilkiyeti hakkimn  simrlarina
igletmelerin uydurulmasi esnasinda

karsilasilan olumsuzluklarin giderilmesi igin,
vani zorunluluga dayali olarak getirilmis bir
sistemdir (Canga, 2005). Madenleri arazi
milkiyetinin  disinda  sayan sistemleri,
uygulanmakta olan degisik yontemleri ile
ayrimlandirirsak:

a) Domanial (devlet hakimiyeti) sistemi:
Madenleri kamu miilkii saymakta, arama ve
igletme hakkim devlete vermektedir.

b) Regalien sistem: Madenleri kamu miilkii
saymakla birlikte, kisilere arama ve isletme
hakki veren bir sistemdir. Boylece, dogrudan
va da kamulastirma hakki seklinde olsun,
devletin kamu ya da 6zel alam hakkindaki
gesitli doktrinler, 6zglin regalien sistemin
farkli uygulamalan olmustur (Tamzok, 2008).
Bu sistem de kendi iginde iice ayrilmaktadir:

aa) Isgal ve ihya sistemi: Madeni fiilen
isgal veya ihya eden, yani bulup isleten,
madenin sahibi olur. ABD, Ingiltere ve
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Kanada gibi iilkelerde uygulamalan vardir.
Artik bu sistem diinyada terk edilmektedir.

bb) Imtiyaz (patent) sistemi: Devlet,
madenin aranmasimu ve igletilmesini  6zel
kisilere imtiyaz vermek surctiyle saglar. Bu
sistemin ilk sekline gore imtivaz, kanmmu
hizmeti imtiyvazindan farkliyken, giiniimiizde
bir kamu hizmeti imtiyazina doniisen bir
sistemdir. Osmanli Devleti’nde de bu sistem
uygulanmustir. Ancak bu konuda ¢ogunlukla
Arazi Kamunu uygulaniyordu. Bu nedenle
madeni kismen devletin, kismen de bulanin
milkii kabul eden sistemler uygulandi
1985°de 3213 sayili (sa.) Maden Kanunu ile
ise iilkemizde maden mevzuatindan imtiyaz
kavrami kaldirdmustir.

cc) Araylp bulma sistemi: Isletme hakki
madeni fiilen bulana verilmektedir. Boylece
madenlerin aranmasi devletge tesvik edilir.

Ulkemizde kamu agirlikli  diizenleme
sonucu madenler, hukuki bakimdan “devlet
hakimiyeti (domanial) sistemi” ic¢erisinde
degerlendirilebilir. Bu sistemde maden hakki
kavramm, madenlerin aranip isletilmesi igin
faaliyetlerde bulunmayr ve bu amagla gerekli
tesisleri kurarak isletmeyi kapsamaktadir.

Bu smiflamada, iilkemizde de halen
uygulanmakta olan, “regalien-arayp bulma
sistemi’nde, esas olarak kamu mali sayilan
madeni bulan, bir 6lciide mali ve teknik
veterlilik kosuluyla yiikiimliiliiklerini yerine
getirdigi takdirde, isletme hakkim elde eder.

Madeni arayip bulan aym zamanda éncelik
hakkina sahiptir. Bu yoniiyle de sistem,
maden aramayi tesvik bakimindan cazip ve
faydali gorilmekteyse de, “oncelik hakki”
vasttastyla bir madenin ne zaman ve kimin
tarafindan bulunmus sayilacagimn
saptanmasimn giicligii ve en énemlisi madeni
bulanin madeni isletme giictinde bulunmasinin
her zaman yeterli olamamas: bu dogrultuda
sistemin sakincalarindan sayilabilir (Findikgil,
1966). Ancak bu noktada sistemin basarisinda
“yeterlilik” ve “idarenin takdir yetkisi”
dereceleri nem kazanmaktadir.
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2 MEVZUAT EVRIMINDE
MADENLERIN MULKIYETI VE REJIMi

2.1 Medeni Kanunda Madenlerin Konumu

17.02.1926 tarihinde kabul edilen 743 sa.
eski Tiirk Medeni Kanunu ile, Tiirkiye’de
Medeni Kanun bakimindan maden hukuku ve
rejimi, 743 sayili Medeni Kanun madde 632,
641, 743, ve 911 ile ¢ok kisa bir sekilde
aciklanmigtir  (Onar, 1967). Bdylece bu
maddelerin  incelenmesiyle denilebilir ki
Medeni Kanun madenlere ii¢ ayrnt hukuki
vastf baglanustir (Asula, 1968): 1- Madenler
arazinin biitiinleyici parcasidir (MK. m. 618,
644, 743), 2- Madenler, sahipsiz seyler veya
varart kamuya ait olan mallar simiflamasi
icerisindedir (MK. m. 641), 3- Madenler
tasimmazdir (MK. m. 632, 911).

2.1.1 Madenlerin arazinin biitiinleyici
pargast olup olmamast durumu

Oncelikle madenlerin menfaatle iliskili olarak
arazinin biitiinleyici pargasi olup olmadiginn
degerlendirmesini yapalun.

Fransiz Medeni K. goriismeleri sirasinda,
arazi malikinin topragin  derinliklerinde
bulunan madenlere de dogal olarak sahip
oldugu, ancak hiikiimetin bunlart kamu yarari
adina kamulagtirma yetkisini de kabul etmesi
gerektigi vurgulanarak, bu noktada hiikiimetin
milli servet olan madenlerin daha iyi ve daha
verimli bir gekilde kimler tarafindan
igletilebilecegi hakkinda en dogru karan
verecegi belirtilmistir (Asula, 1968).

Ulkemizde ise 743 sayili Medeni Kanun
madde 644, arazi miilkiyetinin, miilkiyetin
kullammminda bir fayda bulundugu olgiide
toprak altina da niifuz hakkim kabul etmesine
ve madenlerin igletilmesi hakkim da igine
almasma karsm, 618. maddede ise birseye
sahip olan kimseye o seyde hukuki diizenin
simrlart dahilinde tasarruf etme hakki sart
kosulmaktayd: (Kubali, 1944b). Dolayistyla
gelisen bu maddelerin  varligl, arazinin
biitiinleyici pargast kavramu ile paralel bir hal
almaktaydi (Findikgil, 1966).

O halde denebilir ki, konu ancak, arazi
miilkiyeti ~ve  madenler  bakumndan

degerlendirildigi zaman, malikin Medeni K.
m. 644 kapsanmunda, madenin bulundugu
derinlige kadar kendisi i¢in bir faydamn
meveut oldugunu ispat etmesi halinde, bunlar
tizerinde bir miilkivet hakk: tammak miimkiin
olabilirdi (Kubali, 1944b). Bu noktada hangi
hallerde malikin bu anlamda kanunen bir
faydast bulunabileceginden séz edilebilmesi
gerektigi ve boyle bir faydamn tespitinde
kullanilabilecek 6lgiilerin  neler olabilecegi
akla gelebilir. Bu anda, kisaca, sahsi fayda ile
toplumun yarant karsilagtinlir ve miilkiyetin
simrnna karar verilir (Kubal, 1944b; Asula,
1968).

Diger yandan MK. m. 743°te, her ne kadar
intifa hakki bakimmndan ormanlara dair
hiikkiimlerin  madenlere de  uygulanmasi
Ongorilmekte ise de (Saymen ve Elbir, 1963),
madenler iizerinde intifa hakkimin kurulmasi
ve bu hakkin MK. hikiimlerine tabi
tutulabilmesi, ancak, madenlere 6zgii 6zel
kanunlarda buna uygun diizenlemelerin
yapilabilmesi ile miimkiindiir. Buna karsin, bu
donemde o6zel bir kanun olan Maadin
Nizamnamesi'ne gbre, madenler tizerindeki
miilkiyet hakkmm Devlete ait olmasin kabul
edildigi ve imtiyaz ile ruhsat sahiplerine ait
maden hakkinda bir milkiyet niteligi
gorillemeyecegi dikkate almarak, Medeni
Kanun’un anladigt anlamda ve tasimnmaz
miilkiyeti hakkindaki hiikkiimlere tabi bir
“intifa hakki” iddiasimn gegersiz olacagl
belirtmistir (Kubali, 1944b).

2.1.2 Madenlerin sahipsiz seyler veya yarart
kamuya ait olan mallar olup olmadig:

Aslinda hatali bir terim olan “Sahipsiz sey”
(mal) terimi, basta 743 sayili Tirk MK. m.
641’de  olmak lizere diger birtakim
kanunlarda da ge¢mekteydi (Giilan, 1999).
S6z konusu MK. 641. m. soyledir: “Sahipsiz
seyler ile menfaati umuma ait olan mallar
Devletin  hiikiim ve tasarrufu altindadir.
Hildfi sabit olmadikga menfaati umuma ait
sular ile ziraate elverisli olmayan yerler,
kayalar, tepeler, daglar ve onlardan g¢ikan
kaynaklar kimsenin miilkii degildir. Sahipsiz
seylerin ihraz ve isgali, yollar ve meydanlar,
akar sular ile yataklar: gibi menfaati umuma
ait mallarin  isletilmesi ve kullamimasi
hakkinda ahkdmi: mahsusa vazolunur.”
Oncelikle, bu maddede sozii edilen bu
“sahipsiz mallar”, 6zel miilkiyete gegirilmeye
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elverisli, 6zel hukuk anlanmundaki “sahibi
olmayan esya”dan aywrmak gerekir. Kamu
mallan igerisinde sahipsiz mal olarak kabul
edilen dogal servet ve kaynaklar, Roma
Hukukundan giiniimiize gelmis bir kavram
olan  sahipsiz  esyadan  (res  nullius)
(Celebican, 2008) tamamen farkh niteliklere
sahipti. Medeni Kanun’un miilkiyet rejimine
tabi olan s6z konusu “sahipsiz esya” kavram,
iizerinde miilkiyet hakki kurulabilmekle
beraber, heniiz hic kimsenin miilkiyetinde
bulunmayan, kisaca, ozel miilkiyete
gecirilmeye  elverigli  “sahipsiz  seyleri”
kapsamaktadir. Belirtmek gerekirse, “sahipsiz
esya” da  tzerinde miilkiyet  hakki
kuruluncaya kadar devletin hikkiim ve
tasarrufu altindadir (Telli, 1989).

S6z konusu MK. 641. maddenin kastettigi
“sahipsiz seyler (mallar)” ise Medeni
Kanunun ne 635. maddesi ne de 691.
maddesindeki “sahipsiz seyler’dendi. Ciinkii
635. madde ile gosterilmek istenen “sahipsiz
seyler”, 6nceden bir sahsin miilkiiyken sicilde
o sahsin isminin silinmesi ve yeni bir isim
yazilmamig olmasi halinde sahipsiz goriinen
tasinmazlardi. 691. maddenin 6ne siirdiigi
“sahipsiz seyler” ise ya herhangi bir kimse
tarafindan daha Onceden sahiplenilmemis
bulunan ya da sahiplenilmis oldugu halde terk
edilmis bulunan tagimrlardi. Dolayisiyla
Kubalr’ya gore, bu maddelerden farkl: olarak,
madde 641°deki  “sahipsiz  seylerden
(mallardan); MK. hiikiimlerine tabi bulunan,
dar ve gercek manadaki “sahipsiz seyler’den
tamamen ayn bir nitelikte ve o6zel hukuk
gercek ve tiizel kisilerinin - sahipliginde
olmayan, 6zel miilkiyete gecirilmeye elverisli
olmayan tasmmmaz niteligindeki  mallar
kastedilmekteydi (Kubali, 1944b).

Ancak bu noktada, bu o6zel miilkiyete
elverisli olmama halinin, bir malin kamu malh
olmadan 6nce kendisinde bulunan ve kamu
mallan arasma girmesine yol agan bir sebep
mi, yoksa; kamu mali haline gelmesinden
sonra kazandigi bir nitelik mi oldugu
aynnmimn  yapilmast  gerekmektedir. Bu
gergevede bir kamu malmin 6zel miilkiyete
konu olamamasi, verilen bir iglev veya
kanunla tanman bir nitelige sahip olunmann
sonucudur (Giilan, 1999). Bu anda belirtmek
gerekirse, Duran ise, kanaatimce, m. 641’in
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kapsamindaki kryilar, daglar vb. gibi “yarar
kamuya ait mal” simiflamasmmdan yani
kamunun dogrudan yararlandigt mallardan
madenleri ayummak igin, dogal servet ve
kaynaklarm kamu mali oldugunu ancak
kamusal mal olmadiklarim dile getirmistir
(Duran, 1986). Nitekim Canga da “devletin
hikiim ve tasarrufu altindaki mallar” ile
“devletin hiikiim ve tasarrufu altma” alinma
ifadesinin birbirine kanstirilmamasi
gerektigine eserinde isaret ctmistir (Canga,
2005).

Sonug itibariyle, m. 641°den gorildiigi
iizere, 1926 tarihli Medeni Kanun’da yalmz
madenlerin degil, bu kapsamda diger tir
mallarm da  “sahipsiz  seyler (mallar)”
olduklarm gosterir agik bir hiikkiim ve ifade
voktu. Ayrica Tiirk Hukukunda madenlerin
MK. m. 641 icerisinde degerlendirilmesi
gerektigine dair bir mahkeme igtihadi da
bulunmamaktaydi (Kubali, 1944b).

Ancak, diger kamu mali kategorilerinde
oldugu gibi, sahipsiz mallarin nelerden ibaret
oldugu konusunda da mevzuat agik ve net bir
Olgiit koymanus olmasina karsm, séz konusu
madde 641°de dogrudan sayilmasa da; tarima
elverisli olmayan yerler, genel sular, kiyilar,
ormanlar, dogal servetler ve kaynaklar, tas
ocaklan, tuzlar, tarih kiltir ve tabiat
varliklar, “sahipsiz seyler” ornekleri olarak
Anayasa ve Kanun hiikiimleri geregi 6zel bir
konumda degerlendirilmekteydi. Bdylece bu
mal kategorilerinin de dogal islevlerine
verilen 6nemden, nitelikleri ile toplumsal
rolleri  nedeniyle kamu mali  olarak
vastflandirildiklan - s&ylenebilir.  Dolayisiyla
bunlar, kanunlarinda belirlenen nitelikleri
tasidiklar;, toplum hayati, milli servet ve
kiiltiiriinii  olusturduklarindan ~ kamu  mali
olarak nitelendirilmis ve kanunla tahsis
edilmislerdir (Diiren, 1975; Giilan, 1999).

Nitekim bu calismada yer verilebildigi
kadariyla hemen hemen tiim yazarlar, 641.
maddede, dogrudan yazilmanus olsa da,
madenlerin  sahipsiz  (sey) mal oldugu
konusunda en ufak bir siiphe igerisinde
olunamayacagmda hemfikirdiler (Kubaly,
1944b; Asula, 1968; Yersel, 1970; Diiren,
1975; Goger, 1979; Kurbas, 1988, Telli 1989;
Kayserili ve Topaloglu, 1990; Turan, 1998;
Giinay 2001; Canga, 2005; Giilan, 2008;
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Yaglh, 2008; Topaloglu, 2010). Tabi
belirttigimiz  tizere, muhtemelen kavram
karmasasindan siyrilma i¢in madenleri kamu
mali goriip de sahipsiz mal olarak gérmeyen
vazarlar da sayilabilir (Duran, 1984).

Diger yandan, her ne kadar maden
kategorisine alinmammg olsa da, bir “dogal
servet ve kaynak” oldugunda  stiphe
bulunmayan petroliin de “sahipsiz mal”
oldugu - gerck dogrudan “petrol” (Kubals,
1944a; Diren, 1975; Kirbas, 1988; Sirmen,
1995; Canga, 2005; Yagli;, 2007) gerckse de
“dogal servet ve kaynaklar” tabirini
kullanarak (Yersel, 1970; Telli, 1989; Maliye
Bakanlig1 1998; Turan, 1998) - birgok yazar
tarafindan kabul edilmistir. Nitekim maden
olarak kabul edilmeyen petroliin, hem
Anayasann, “dogal servet ve kaynaklarin
devietin  hiikiim  ve  tasarrufu  altinda
bulundugu” hikmiiniin varhgt ile, hem de
aynt ifadenin 6zel kanun olan  Petrol
Kanunu’nda gegmesi itibariyle; sahipsiz mal
olarak “madenler” ile benzerligini ortaya
koymaktaydi. Keza 2004 oncesinde maden
olarak kabul edilmeyen ve madenlerden ayri
olarak Tasocaklart Nizamname’sine tabi
bulunan tasocaklar: da mevzuat evriminde
doktrince “sahipsiz mal” olarak kabul
gormekteydi.  Niteckim 2004 tarihinde
tasocaklan “maden” olarak kabul edilmis ve
Maden Mevzuatma dahil olmustur.

Madenlerin Tirk doktrininde “sahipsiz
mal” olarak kabul edildigini agikladiktan
sonra, Tiirk MK. nmn kaynag Isvigre MK. ve
doktrininin goriigtinii de belirtmekte fayda
var. Bu iilkede, “Sahipsiz seylerle menfaati
umuma ait olan mallar tizerindeki haklar”
bashgmdaki tgiincti fasil madenlere ayrilnug
ve bu fasil altinda madenlerin aranmasi,
igletilmesi ve tizerlerinde hak kazanmilmasi
hakkinda genis hikiimlere yer verilmisti.
Béylece Isvigre’de de madenler sahipsiz mal
simflamasi igerisinde kabul edilereck MK.
kapsamm igine almmus ve ayrn bir kanuna
gerek gorilmemisti (Asula, 1968). Bunun da
ana sebebi Isvicre’de madenlerin 6nem arz
etmeyen bir konumda bulunmasindan 6tiiri
Medeni K. disinda 6zel bir Maden Kanununa
ihtiyag goriilmemesiydi (Kubali, 1944b).
Ancak, Maden K. sonradan olusturularak,
Kantona, madenleri arama ve isletme

imtiyazlar1 verme konusunda yetki verilmistir
(Findikgil, 1966). Isvigre’de bab altinda
gerek su imtiyazlarina ve gerckse madenlere
Ozgii hiktimler, nitelikleri itibari ile kamu
hukukunu ilgilendirirler. Burada kamu hukuku
ile o6zel hukuk birbirine kansmus bir
duramdaydilar. Nitekim, sahipsiz mallarin
miilkiyete ve diger ayni haklara komu teskil
edebildigini kabul eden bu goriis Almanya ve
Isvigre’de hakim olan bir géristii (Kubaly,
1944b; Asula, 1968).

Bu siirecte, Isvigre’de Kanunun hazirlik
sathasinda gecirdigi degisime uygun olarak,
Isvigre Federal Mahkemesi’nin 21.10.1918
tarihli itiraz karan sonucunda, sadece Isvigre
MK. 664. (Tirk MK. 641) msi MK.da
birakilmustir. Boylece, bu kararla madenlerin
MK. m. 691’in kastettigi sahipsiz seylerden
sayillamayacagmdan dolay1 sadece MK. 641
icinde degerlendirilmesi, dolayisiyla devletin
hiikiim ve tasarrufu altinda bulunan sahipsiz
bir mal olarak madenlerin serbestge isgal
yoluyla kazammundan s6z edilemeyecegi
dikkate almarak madenler hakkmda miilkiyet
voluyla  bitiinleyici parga  prensibinin
uygulanamayacagt Isvigre’de. kesinlesmis
oldu (Kubali 1944b). Sonugta Isvicre’de soz
konusu tezathgmn ortadan  kaldirdarak
madenlerin  yalmzca Tirk MK. 641. m.
kapsamunda  degerlendirilmesi  gerektigi
kanaatinin agik bir sekilde ortaya ¢ikmasiyla,
MK. m. 641 ile maden mevzuatt arasindaki
uyum saglanmis oldu (Findikgil, 1966).

Sonugta, Kubali'yva goére, madenlerin
iizerinde, “menfaati umuma ait seyler’e
kiyasen 6zel hukuk kurallarindan ayn kamu
hukuku hilkiimlerine tabi tutulabilecegi,
Isvigre’deki bu kararla agikliga kavusmustu
(Kubali, 1944b). Ancak Tirk MK. mn
kaynagn Isvigre’de bu netligin  ortaya
konulmasma karsmn, sahipsiz mal teriminin
ortaya ¢iktign MK, m. 641°deki diizenlenis
bicimi, bu maddenin kaynak Isvigre
Hukukundaki kapsamimin ve uygulamasinin
Tiirk Hukukundan farkh oldugu
degerlendirmesine yol agmustir. Ancak Onar,
“MK. m. 641°de bahsedilen sahipsiz seylerin,
ne Roma Hukukundaki sahipsiz seylere, ne
de Arazi Kanununda “arazi-1 mevat” denilen
gesite yakin gosterilebilen mallar niteliginde
oldugunu, aksine bu c¢esit mallarin  6zel
miilkiyete  giremeyen nitelikte  oldugunu
belirtmistir (Onar, 1944 ve 1966). Onar bu
gercevede, dar anlamda kamu mallan
izerinde bir miilkiyet hakki bulunmadigim,
idarenin bir gézetim ve denetim yetkisinin
varoldugunu savunmaktadir. Ancak Giilan’a
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gore giinlimiizde idarenin kamu mallan
tzerinde, sadece kolluk giicii niteliginde bir
gozetim ve denctim yetkisi bulundugu
anlayis1 birakilarak, bir idari miilkiyet hakki
oldugu kabul edilmektedir. Giilan, kolluk
yetkisinin mali amaglar i¢in kullamlamamasi
ilkesi gozoniine alindiginda, kamu mallarin
kamu yararina en uygun sekilde isletilmesi ve
yonetilmesinin gerekliligi sartiyla miilkiyet
yetkisinin  telaffuz edilmesi gerektiginin
zorunlu oldugunu dile getirmistir. Dolayistyla
Giillan, Onar’in eserindeki séz konusu
bahsini, idare hukukuna 6zgii bir miilkiyet
hakki ile esanlamli olarak  aldigiu
diisiinmektedir (Giilan, 1999). Nitekim Kubali
da eserinde; Onar’in, “miilkiyetin ézel hukuk
subjesi olmasi itibariyle kamu  hukuku
sahasinda goriilen ve bu karakteri tasiyan
bir duruma bir isim vermenin gerek
olmadigi” yoniindeki goriisiine ragmen,
Onar’mn esasen 1942 tarihli eserinde “kamu
hukuku miilkiyeti” ifadesini kabule taraftar
oldugunu belirtmistir. Kubali’min goriigiinii de
kisaca verecek olursak; “imtiyaz hakkinin
ozel nitelikte miilkiyvetten gayri bir ayni hak
oldugunu dikkate alirsak, Devlete ait olan bu
miilkivet hakkimin imtivaz verilmeden once
de varoldugu kesindir. Ciinkii devlet lehine
bu miilkiyet hakkun kuran imtivaz tasarrufu
degildir.  Aksine imtiyaz  tasarrufunun
vapilabilmesi icin  imtivaz konusu olan
madenler iizerinde Devletin daha oénceden
bir  miilkivet hakki  bulunmast gerekir
(Kubali, 1944b). Ancak Yagl'mn tezinde
aktardif1 tizere, Onar, 1966 tarihli eserinde,
“Devlete ait olan topraklar iizerinde de
Devletin sahip oldugu hakkin bir miilkiyet
hakkr olmadigi, Devletin bunun iizerinde
malik  gibi,  diledigi  sekilde tasarruf
edemeyecegini, devletin bu mallar iizerindeki
hakkun cesitli tiir ve genigslikte yetkilerden
ibaret oldugu” go6riisiinii belirtmistir (Onar
1966; Yagh, 2007).

Diiren 1se idarenin kamu mallan iizerinde,
malin tahsis amaciyla smrlanmis  kamu
hukukundan dogan bir miilkiyet hakkia sahip
oldugunu ve i1darenin bu tahsis amacimun
simrlart  iginde kalmak sartiyla kamu
mallarindan diledigi gibi yararlanabilecegini
belirten goriise  eserinde  yer  vermistir.
Buradaki miilkiyet hakki 6zel hukukun
miilkiyet hakki olmayip bir kamu, bir idare
hukuku miilkiyetidir (Diiren, 1975). Fransiz
doktrinindeki baskin olan bu gériise Asula da
eserinde deginmistir (Asula, 1968). Ancak
Diren MK. m. 641°den harcket ederek,
“devletin  hikiim ve tasarrufu” terimu
vasttastyla, devletin kamu mallart iizerinde
diledigi gibi tasarrufta bulunma yetkisini sakli
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tuttugunu, yani, devlet ile kamu mallan
arasinda bir miilkiyet iliskisi varsa, bunun
6zel hukuk miilkiyeti mi, yoksa kamu hukuku
miilkiyeti mi olduguna devletin karar verecegi
fikrindeydi (Diiren, 1975). Burada Giilan,
Diiren’in bu yorumunda, ifadedeki “devletin
kararmin”; kanunlara koydugu hiikiimlerle
imtiyaz sozlesmelerini ozel hukuk
sozlesmeleri olarak nitelendirmeye kalkarak
Danistay incelemesinden ve idari yargl
denetiminden kagirmaya ¢alisan Devletin bir
bagka goriniimiinii tahrik edebilecegine isarct
etmistir (Giilan, 1999).

Nitekim Yargmin gorislerine gozatacak
olursak, Damstay da, MK. m. 641’in kamu
mallart hakkinda “bunlar ahkam-i1 mahsusa
vazolunur” deyisiyle, Devletin, bu miilkiyet
hakkimn MK. anlaminda bir miilkiyet hakki
olmay1p, bir “idare hukuku miilkiyeti hakki”
olduguna isaret ectmistir. (Giiran, 1984;
Danigstay Genel Kurulu, E. 1981/4, Karar
1981/25). Danistayin bu formiilii, bir kamu
miilkiyeti ifadesi olarak ele aldig1 ve kamu
mallarim ifade eden bir terim olarak gordiigi
soylenebilir (Damstay 6. D., E. 1981/1909,
Karar 1984/1662). Yargitay da, “devletin
hiikiim ve tasarrufu altinda olma”min &zel
miilkiyete konu olamama anlamma gelecegi
kanaatindedir (YHGK, E. 1979/1-167, Karar
1981/656). Son olarak Anayasa Mahkemesi
(AYM) de, kararinda, “kanmu miilkiyeti”
terimini tercih ederek tim kamu mallan
iizerinde bir tek ve o6zelligi olan, ancak
miilkiyet niteligini yitirmeyen bir hakkin
bulundugu kanaatini belirtmigtir  (Giilan,
1999; AYM, E. 1992/13, Karar 1992/50).

_ Nitekim Tirk Medeni Kanun’un kaynagi
Isvigre’deki  goriis de “idare hukuku
milkiyeti”  kavramum  dogrulamaktaydi.
Federal Mahkeme kararinda, menfaati umuma
ait veya sahipsiz seyler iizerinde Devletin
miilkiyeti bulunduguna, sahipsizlik ifadesiyle
daha zivade bu ¢esit mallarin, sahislarin
miilkiyeti altinda bulunmayarak ve devletin
setbestce tasarrufuna tabi 6zel mallarindan
olmay1p, Devlete, s6z konusu mallar yalnizca
kamu yararina kullanma hakkim veren “baska
nitelikte  bir  Devilet miilkiyeti” oldugu
belirtilmigtir. Lutzern Kantonu aleyhine agilan

davada ise so6z konusu tabirin “kamu
milkiyeti”  gériisine  yaklastign  ifade
edilmistir.  Dolayistyla, Kubali'ya gore,
Isvigre’de gerek doktrinde gerekse de

ictihadda; madenlerin “sahipsiz esya” olarak
nitelendirilemeyecegi ve Devletin  sahip
oldugu  miilkiyetini  Devlet  miilkiyeti
niteliginde bulundugu, ancak bu miilkiyetin
hem kamu hem 6zel hukuku igeren bir yapiy1
da igerdigi kabul gormekteydi. Bu goriiste,
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Kantonlar tarafindan kamu hukuku hiikiimleri
ile diizenlenmeyen hususlarda Medeni
Kanunun tagmmaz miilkiyetine ait hitkiimleri
uygulanacag belirtilmistir (Kubal, 1944b).

Sonug olarak, 6zellikle Fransiz Hukukuna
paralel olarak, iilkemiz hukukunda da, kamu
mallar1 tizerinde miilkiyet yetkisinin varlig
kabul goérmiis ve bu yetkinin 6zel miilkiyetten
farkini ortaya koyan kamu miilkiyeti (veya
idari miilkiyet) terimi doktrinde yerlesmistir
(Giilan, 1999). Gergektende, belirttiklerimiz
disinda Tirk Hukukunda bu miilkiyetin
varligim kabul eden daha birgok yazar
sayilabilir (Duran, 1986; Yayla, 1994).

Tabi burada, idarenin, miilkiyeti tizerindeki
mallart istedigi gibi kullanamadif, tim
kullamnm ve yararlanmalarda, bunlarn
tizerindeki hak ve yetkileri itibariyle kamu
vararmm gozetmek zorunda oldugunu tekrar
hatirlatalim. Iste bu noktada kamu yarari,
kamu hizmetlerinin yiiritiilmesine ayrilnus
mallar disinda kalan mallarin da kamu mah
addedilmesine  imkan veren, mallardan
yararlanmaya goére degisen durumu ifade eden
bir vararianma olgiitii  olarak karsimiza
cikmaktadir. Genel olarak  yararianma
olciitiine gore, kamunun  dogrudan
kullanimina ve yararlanmasimna ayriloug mallar
kamu mali olarak kabul edilirler (Derdiman,
2004).

Kanmu mallarimn tespitinin kriterini, malin
0zel miilkiyete elverisli olmama niteliginde ve
idarenin kolluk yetkilerinde arayan goriisler
vardir. Ancak giintimiizde, bir mala kamusal
nitelik veren araci kavramun “tahsis” oldugu
doktrinde baskin olan goriigtiir. “Tahsis™,
kamu mali {izerindeki yetkinin sminm ve
icerigini etkileyen bir unsurdur. Fransiz
doktrininde miilkiyete kamu mali niteligini
veren unsurun faksis oldugu goriisii hakimdir.
Ancak her kamu malinin {izerindeki “tahsis”
farkh nitelikte ve igerikte olabilir. Sonugta
“tahsis iglemi” uygulamada idareye iliskin
mallarin  kanu mali olup olmadiklarim
belirlemede etkin belirleyicilik tagimaktadir.
Bu islem ile, sahipsiz mallar da kamunun
dogrudan  yararlanmasina  doniismektedir
(Giillan, 1999; Derdiman, 2004). Tabi bu
noktada genel olarak kamu mallarimn
hepsinin aym nitelik gostermedigini ve
vararlanma bic¢imlerindeki farklhiliklarm bu
mallarin elde edilmesinde, elden

¢ikarilmasinda, yonetiminde ve nihayet

denctiminde de ortaya ciktigim (Kurbas,
1988) belirtmeliyiz.

Sahipsiz mal kategorisinde kanmu mali olan
madenler iizerinde, kamu vararl
goriildiigiinde, 6zel bir sahsm magduriyetine
sebebiyet vermeden ve sahibinin  rizasi
olunmaksizin idare tarafindan yapilan islem
ile irtifak hakki kurulabilmekte ve miilkiyeti
idareye gegirilebilmektedir. Nitekim 3213
sayih Maden K. m. 46°da; maden hakki
sahipleri adma, idarece, ruhsat konusu arazi
iizerinde  irtifa  hakki  kurulabilecegi
belirtilmekte ve kamulastirma yapilmasina da
olanak tamnmaktadir. Tabi bu Kanun ile;
madencilik faaliyetinin bitiminde, eski arazi
sahibine altt ay igerisinde s6z konusu
arazisini geri alma hakki da tanmmaktadir.

Sonugta, belirtmek gerekirse, idare hukuku
gergevesinde ve kamu yarar diginda bir amag
icin kullamlmasindan s6z edilebilmesi
miimkiin olmayan kamu mallan izerindeki
yetkinin miilkiyet olarak kabuliinden endige
edilmemesi gerckmektedir (Giilan, 1999).
Nitekim maden kaynaklarinin devletin hikiim
ve tasarrufu altinda olmasi; 6nce, idarenin
maden iizerinde arazi miilkiyetinden bagimsiz
milkiyet  konusu  yaratmak  anlanum
tastmakta, sonra da devlete madenlerin
aranmasi ve isletilmesini denetleme yetkisini
vermekte, somucta da devletin maden
aramasma ve isletmesine genel hikiimler
dismda 6zel bir yasa getirme yetkisini ortaya
koymaktadir (Goger, 1979).

2.1.3 Madenlerin tasinmaz olup olmadig

1926 tarihli MK. 632. ve 911. maddeleri
madenleri taginmaz. miilkiyeti kapsanu iginde
gostermistir. MK.’min 632. maddesine goére,
tasinmaz miilkiyetinin konusu yerinde sabit
olan seylerdir. Dolayisiyla Medeni Kanun’a
gore sunlar taginmazdir: 1- Arazi, 2- Tapu
siciline bagimsiz ve daimi olmak iizere
kaydedilen haklar, 3- Madenler.
Gorilmektedir ki madenler, bu madde
hiikkmii geregince yerinde sabit olan seyler
olarak tasimmmaz miilkiyetine konu olmaktadir.
Buradaki madenden kastedilen, dogal olarak,
maden cevher ve damarlann degil, maden
iizerindeki  isletme  hakkidir.  Sonugta
madenlerin fasinmaz sayilmasiyla kendilerine
bagimsiz ve aleni nitelik tammmasi1 kabul
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edilmis ve boylece ckonomik bir kiymet

olarak igletme hakkimn pargalanmadan
gegerliligi ve kredi temin edilebilirligi
saglanmustir.

S6z konusu maddeler, MK. y6niinden
maden rejimini kisaca ifade etmekteydiler.
Medeni Kanun’a goére madenlerin tasinmaz
olmalari, maden rejimini diizenleyen o&zel
mevzuat i¢in sunlar ifade eder:

1- Ozel mevzuat madenlerin taginmaz olma
durumunu dikkatten uzak tutmayacaktir. Yani
madenler iizerinde kurulan haklarin devri,
intikali ve diger haklarla iliskisi, Medeni
Kanun’'un tagmmmazlar i¢in  ongordiigi
sartlarda uy gulanacaktr,

2- Madenler hakkida 6zel mevzuatin bos
brraktigt  hususlar, Medeni Kanun’un
tasmmazlar  hakkindaki  hiikiimleri  ile
doldurulacaktir. O halde 6zel Kanunun
diizenledigi maden rejimi, Medeni Kanun’un
bu konudaki daha ayrmntih ve teknik bir
devamudir (Asula, 1968).

Nitekim maden sicilinin olusturularak bu
sicile, tapu siciline 6zgii kuvvetin ve kiymetin
verilmesi  neticesinde, madenlerin Medeni
Kanun’a gore tasmmaz olduklannt yoni
korunmus ve madenlerin tapu sicili ile
iligkilendirilmemesinden  dogacak  sorun
giderilmistir. Buradan denilebilirki, &zel
Kamun (Maden K.); maden isletme hakkmin
devri, intikali ve kaydmda Medeni Kanun’un
taginmazlar i¢in 6ngdrdugi sekle ve sartlara
yeterli uyumu gostermistir (Asula, 1968).

S6z komusu MK. maddelerine tekrar
donecek olursak, MK.’ya gére, arazinin
miimkiin derecede yararlamilamayan
derinliginin 6tesinde Devletin  hiikiim ve
tasarrufu altinda bulunulmasimin gerekecegi,
dolayistyla da miimkiin derecede
vararlanulabilecek derinlik icinde bulunan
madenlere bagumsiz bir kimlik vermenin gii¢
olacag: distiniilerek bunlarin ancak arazinin
biitiinleyici pargast olarak kabul edilebilecegi
iddia edilmisti. Aksi goriisii savunanlar ise
Medeni K. m. 632’yi dikkate alarak,
madenlerin, i¢inde  bulunduklann  arazi
pargasindan hukuken ayn ve bagimsiz nitelige
sahip oldugumu ifade etmekteydiler. Ancak
her iki goris, madenlerin tasimmaz
sayildiginda hemfikirdiler (Asula, 1968).
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Bu noktada Medeni Kanun madde 632 ve
911’de gegen “madenler” teriminin madenin
bulundugu arazi pargast nu yoksa madenlerle
ilgili haklar mu oldugu ihtilafliydi. Bu
gercevede m. 632°de madenlerin tasmmaz
sayildign seklinde, “tapu sicilinden ayr ve
daimi olmak tizere ayrica kaydedilen haklar”
ifadesi kullamlmasma ragmen “madenler”
kelimesi ile yetinilmisti (Onar, 1967). Her ne
kadar m. 632 ve 911°de gegen madenler
tabirinin madenlerle ilgili haklar anlanunda
kabul edildigi ortada olsa da, sozii edilen
MK. maddesinde madenlerle ilgili haklar
tabiri kullamilnus olsaydr ihtilaf konusu
kalmamus olabilecekti (Findikgil, 1966).

Somu¢ olarak Medeni Kanun, belirli bir
arazi parcast derinliklerindeki madenlerin
igletme hakkim tagimnmaz kilmigtir. Bunlarin
tasinmaz olarak sayilmalar dogal
niteliklerinden ziyade Kanunun yarattigy islev
geregidir (Asula, 1968).

2.1.4 Eski ve yeni MK. degerlendirmesi

1926 tarihli Medeni Kanun’un, madenleri
tasinmaz miilkiyeti kapsam icinde gosteren
632. ve 911. maddeleri duraksamalara yol
acsa da, bu maddeler, kaynak Isvigre
Hukukuyla karsilastinldifinda béyle bir
duraksama sonug olarak yersiz olmaktaydi.
Ciinkii kaynak Isvigre Hukukunda s6z konusu
hiikiimlerin tamamiyla bu {ilkenin federal
vapist iginde degerlendirilmesi gerektigi ve
madenlerin ashinda Isvigre Medeni Kanun’un
664. (Turk MK. 641.) maddesi anlaminda
kamu mallanndan sahipsiz mallar igerisinde
oldugunun kabul edildigi (Kubali, 1944b)
gozardi edilmemeliydi.

Dolayisiyla yiiriirlikkteki Tiirk Hukukunda
madenler tizerinde 6zel hukuk anlaminda bir
miilkiyet hakki sb6z konusu olmamaliydi.
Nitckim bu hususta, Isvicre’de Federal
Yonetim  bulunmasma  ragmen  devlet
miilkiyeti kavrammmn zikredilmesi de dikkate

degerdi. Federal Mahkeme, kararmnda;
madenlerle ilgili olarak hukuka uygun
bicimde kazamlmug o6zel haklara devlet

miidahalesinin olanaksiz olmadigimm, aksine,
miilkiyet garantisinin, kamu refali veya kamu
varart amaciyla 6zel haklarm tazminat
karsihiginda sahiplerinin elinden alinmasina
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olanak veren bir genel kayitla smrlt oldugunu
ifade etmistir (Tirk, 1979). Isvigre’deki
Kantonlara tamnms olan bu hakimiyetin
miilkiyetle bir iliskisinin ve &zel hukuk
anlamida bir miilkiyetin olmadig1 ve s6zii
edilen hakimiyetin kullamlmasi i¢in de,
hakimiyet altinda bulunan kamu mallan
iizerinde bir miilkiyet hakkimin bulunmasinin
gerekmedigi dile getirilmistir (Diiren, 1975).

Dolayisiyla  buradan, Tirk Medeni
Kanun'un, madenlerin  hukuki  niteligi
hakkindaki gériisiine tekrar gelirsek; tasinmaz
kapsaminda madenler, bir taraftan arazinin
biitiinleyici pargast, diger taraftan da sahipsiz
seyler veya menfaati umuma ait olan mallar
icerisinde  kabul edilmekteydi.  Ancak,
madenleri arazinin biitiinleyici pargasi olarak
kabul eden MK. 743. maddenin, gergekte
madenleri kapsamina aldig1 ortada olan MK.
641. m. ile siurlandirilnus bir anlama sahip
olmas1 gerekir. Soyle ki, her ne kadar
madenler fiziki olarak i¢inde bulunduklar
arazinin biitiinleyici parcasi sayilabilirlerse de
hukuken buna imkan bulunmas i¢in, MK. nmn
641. m.sine gore devietin hiikiim ve tasarrufu
altinda bulunan bu seylerin veya mallarm
igletilmesi  ve  kullamlmasi  hakkinda
konulacak 6zel hiikiimlerin boyle bir anlayisa
yer vermesi gerekir.

Bu durumda gorilmektedir ki, MK.,
madenlerin 6zel konumu hakkimda genel bir
hiikiim sevkettikten sonra rejimin ayrntisin
ve diizenlenmesini 6zel mevzuata birakmmstir.
Dolayistyla bu rejimin derinligine
incelenmesi, Medeni Kanun'un
diizenlenmesini 6ngordiigii 6zel hikiimlerin
(Maden K.) degerlendirilmesi ile ortaya
¢ikacaktir (Asula, 1968).

Nitekim Medeni K. sonrasinda yiiriirliige
giren 1961 Anayasast m. 130 ile, madenlerin
devletin hiikkiim ve tasarrufu altina girmeleri
sonrasinda, Maden Yasasiun kabul ettigi
hiikiimler karsisinda MK. 619, 632, 644, 743
ve 911. maddelerinin madenlerle ilgili
hiikiimlerinin ~ gegersiz  kilmarak — zimnen
yiiriirlikkten kaldirildigy, Yargitay in
06.07.1970  tarihli Igtihadi  Birlestirme
Karar'nda belirtilmistir  (Goger, 1979).
Sonugta madenlerin kime ait bulundugu,
bunlarin ne sekilde isletilecegi 6zel kanunlarla
belirlenmis bulundugundan, maden
hukukunun degerlendirilmesi, bir medeni
hukuk konusu olmaktan c¢ikmus, bir idare

hukuku konusu haline gelmistir (Saymen ve
Elbir, 1963).

Ardindan Anayasa Mahkemesi'nin dogal
kaynaklarm hukuki niteligine iliskin olarak
verdigi kararda (Esas: 963/126, Karar 965/7,
R.G.: 22.7.1965, sayr: 12055); Anayasa’nin,
dogal kaynaklari, medeni hukuk anlaninda
bir miilkiyet diizeninin kapsami disinda
biraktigi, bunlarin ancak devletin devlet
olmak niteligi ile eli altinda tuttugu kamu
mallart  diizeni icinde ver alabilecegi
belirtilmigtir.

Bu karar sonrasinda da; 1982 Anayasasi m.
168 uyarinca devletin hiikiim ve tasarrufu
altinda bulunan dogal servet ve kaynaklarin;
sahip olduklan sosyal, ekonomik ve stratejik
onem nedeniyle MK. ve Borglar K. gibi 6zel
mevzuat hiikiimlerinin uygulama alam diginda
birakilmas1 ve aym nedenlerle Esya Hukuku
konusu dismmda, MK. m. 641°de kamu
mallanindan sahipsiz mallar smiflandirmasi
icinde kabul edilmesi, onlarin, kural olarak
Idare Hukukunun kamu mallarina iliskin
temel diizenlemelere tabi bulunduklarim
gostermekteydi (Telli, 1989).

3213 sayih Maden K. da, tipk1 6309 say1ili
Maden K. gibi, 4. maddesinde, madenlerin
6zel miilkiyete konu olamayacagim ve iginde
bulundugu arazinin miilkiyetinden ayn bir
kamu mal niteligini  tasidigi  ortaya
koymustur. Nitekim; en 6énemli dogal servet
ve kaynaklardan madenlere iligkin hukuki
diizenlemeler, 1961 ve 1982 Anayasalar’’mn
strasiyla 130. ve 168. maddelerinin dayandigy,
vukanida acikladigimz sahipsiz mal kabul
eden ilkeye uygun maddeler icermektedir.
Zaten Medeni Kanun’un 632. ve 911
maddeleri nedeniyle dogabilecek herhangi bir
duraksama, Maden K. kabuliinden sonra artik
tamamiyla yersizdi (Turk, 1979). Cunki
sonraki yasa olarak Maden Kanumu, s6z
konusu 4. maddesi ile madenleri 6zel hukuk
anlaminda bir miilkiyet konusu olmaktan
kesinlikle ¢ikarnmstir.

Devaminda, 3213 sa. Maden Yasasimn 49.
ve 50. m.lerinin iptali istemine iliskin olarak
Anayasa Mahkemesi'nin verdigi kararda da
(Esas: 1985/20, Karar: 1986/30, R.G.:
15.3.1987, sayi: 19401); dogal servet ve
kaynaklarimizdan ~— madenlerin ~ Medeni
Kanunun  ozel miilkivet rejimi  disinda
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tutularak haklarmmda ozel kurallar konulmus
olmasinin;  siiphesiz bu dogal kaynagin
titkenebilirlik, kullamldiktan sonra bir daha
yerine konulamama ozellikleriyvle yakindon
ilgili oldugu gorusii belirtilmistir.

Son donemde; maden cevherleri ile bu
cevherlerin belirli alanlan kapsayacak sekilde
aranmast ve igletilmesi haklarim saglayan
maden ruhsatlari, Anayasanuzm 168. m.si ve
Maden K. kurallarina gére ayni nitelikte hak
saglamaktayken, 01.01.2002°de yiiriirlige
giren 4721 sa. yeni MK.’ya gére kamu mali
niteligindeki madenlerin tasinmaz miilkiyetine
konu oldugu yolundaki hiikkmii ile birlikte,
maden ruhsatlarimin ayni hak sagladigina
iligkin kurallar1 metinden ¢ikardmstir (Canga,
2005; Yeni MK. m. 998). Artuk, Yeni
MK.’da madenlerle ilgili olarak sadece,
¢ikartdmms cevheri kapsar igerikli kabul
edilmesinin uygun olacag tagimmr miilkiyeti
kapsamundaki kurallar yer almaktadir (Ertas,
2002).

Burada Kamun Koyucunun, bu maddeyi
diizenlerken Devletin  maddi  olmayan,
kendiliginden tasmmaz mali durumundaki
madenlerin detayli olarak Anayasamizda ve
kendi vasalaninda diizenlenmis oldugunu
diisiiniip, hatal bir yaklasimla Medeni Kanun
disinda tuttugu  disiiniilmektedir  (Canga,
2005). Bu konuyu mevzuat evrimindeki
duruma goz atarak inceleyelim.

Madenlerle ilgili 6zel bir sicil olan Maden
Sicili, 6309 sayih Kanundan itibaren
tutulmaktadir. Aslinda 6ncesinde de, “kayit
defteri” ve sonra 1939°da “Tagra Maden
Islerine Dair Tarifname” ile Maden Siciline
benzer bicimde “maadin defteri’ne kayit
vapilmaktaydi. Maden Sicilinin olmadigi bu
dénemde madenler Maadin Nizamnamesi’ne
gore tasmmaz olarak kabul edilmekteydi.
Ancak maden mevzuati ile tapu mevzuati
arasimnda bir uyumsuzluk bulunmamaktaydi
(Kubali, 1944b). Buna karsin s6z konusu
Tarifname’nin madencilik faaliyetini, 6309
sa. Yasamn ise bulunmus madeni esas
almasi, s6z komusu Yasamn MK.’ya uyma
gabasim gostermekteydi. Boylece bu durum
da bu dénemde MK. m. 632 ve m. 911°in
Ongoristinii  pratik olarak bertaraf etmisti
(Goger, 1979).

1970

Konuyla ilgisi iizerine, Gdger’in eserinde
belirttigi, maden sicilinin benimseyebilecegi
dizgeleri belirtelim: 1- Maden hakki sahibinin
ckonomik varligina bagh olan, “maden hakki
sahibinden hareketle maden sicili
diizenlemesi”, 2- Maden hakki sahibinin
vatmmu ile orantih kredi almasi ilkesini
getiren “bulunnmus madene dayanan™ dizge,
3- Maden hakkindan hareket eden sicil
dizgesi (Goger, 1979).

Maden sicilinin ilk kez diizenlendigi 6309
sayih Yasamn bulunmus maden yontemini
getirmesi  (Findikgil 1966; Asula, 1968)
somucu, bu yontemle maden hakki sahibinin
yatirimu ile orantili kredi almasi ve dolayistyla
da maden sicilinin, ¢ikarilan cevher ve isletme
tesisati kadar giivence vermesi
saglanmaktaydi. Ancak burada Go6ger, tigiincii
gosterdigimiz, maden hakki siiresini  ve
bulunan madenin maden yatagindaki tahmini
degerine gore kredi almmasi oéngorebilecek
bir sicilin mevcut yasada secilmemis olmasim
clestirmistir. Ayrica yazar, bulunmamms bir
maden igin  verilen arama  hakkin
kurulmasinin tescile baglh kilinmamasimn,
vani, maden hakkmm tescilsiz kazanlabilir
olmasinin da dogru olmadigim dile getirmistir
(Goger, 1979).

Ancak genel itibariyle gorilmektedir ki
maden mevzuatl; maden sicilini —6ncesinde
kayit defterini ve Tarifname ile maadin
defterini-  uygulamaya koymus ve maden
sicili hangi dizgeyi 6ngoriirse 6ngorsiin, MK
ve Tapu Sicili ile herhangi bir uyusmazliga
dismeyerck madenlerin  taginmaz  olarak
tescilinde bir sorun yaratmamgtir.

Ozellikle 6309 sa. Maden Kanunu nun
yuriirliige  girmesi  sonrasinda,  Asula,
eserinde, her ne kadar tapu sicilinden ayn bir
maden siciline gerek olmadigint belirtse de,
maden mevzuatinda maden sicilinin tapu
siciline 6zgi kuvvetin tamnmasi yoluna
gidilmesiyle amlan Maden Kanunu nun
MK.va uyumsuz oldugunun artik iddia
edilemeyecegini belirtmistir (Asula, 1968).

Giiniimiizde de gegerli bulunan 3213 sa.
Maden K. ise “maden haklar1 ve faaliyetleri”
sicile iglenir diyerck gegmis dénemden biraz
daha farkli bir diizenleme ortaya koymustur.
S6z konusu Kanun'un 38. maddesinde;
“Buitiin maden haklar: ve faaliyetleri ile ilgili
teknik ve mali konulart havi maden sicili (...)
tutulur. Maden haklarimin  devir, intikal,
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haciz, rehin ve ipotek veya sona erme
durumlart bu sicile iglenir.” denmistir.
Maddede belirtildigi iizere maden siciline;
madenlerin bulunnmuglugu, buluculuk haklari,
arama ve bunlara ait isletme izinleri tescil
edilir. Ayrica bu sicile bu haklarin devri,
intikali, sona ermesi, haczi, rehni ve ipotek
edilmesi, ihtiyati tedbir konulmas1 durumlar
da iglenir. Hatta Damstay’a gdre maden
ruhsatlarina  iligkin - kira veya rodovans
sozlesmelerinin de maden siciline tescili
miimkiindiir (Gilan 2008; Topaloglu 2010;
E.1997/3, Karar 1997/13, 31.07.1997).
Burada; Eski MK. doéneminden itibaren
yeni MK. dénemine kadar madenlerin tapu
siciline hi¢  kaydedilmedigi  dikkate
almdiginda, madenlerin, Devlet (va da
Maliye Hazinesi) veya ozel gergek, tiizel
kisiler adina tapu sicilinin beyanlar hanesine
vazilmasina gerek olmadifi, boéyle bir islemin
yasal dayanagmin  bulunmadif da
dusiiniilebilir. Keza bunun da ana sebebinin,
bu hakkin ancak bir sicile tescil edilebilecegi
seklindeki genel hukuk kuralina uygun olarak
cifte tescilden kacinmak oldugu sdylenebilir
(Findikgil, 1966; Topaloglu, 2010). Ciinkii
MK.ya goére tasinmaz sayidan bir seyin,
bagka bir kanunun tagmmaz hiikiimlerine tabi
tutulmamast gerckmektedir (Yagh, 2007).
Ancak diger vandan, madenlerin kadastro
cahigmalant swasinda tapu sicilinin beyanlar
hanesine yazihp vyazilamayacagi hususu,
Yargitay’a komu olmus ve Yargitay Yiiksek
16. Hukuk Dairesi madenlerin tapu sicilinin
beyanlar hanesine serh diisiilebilecegini kabul
etmistir (Topaloglu, 2010; Yargitay 16. HD.,
12.02.2004, E.2004/1076, Karar 2004/2327).
Yeni Medeni Kanun'un 999. (Onceki MK.
912) maddesine gore, “ozel miilkiyete tabi
Olmayan ve kamunun yararlanmasma
ayrilan tasinmazlar, bunlara iliskin tescili
gerekli bir ayni hakkin kurulmast soz konusu
olmadik¢a kiitiige kaydolunmaz”. Yani ayni
haklar kazamlmas: tapu kiitiigiine yapilacak

tescile baghdir. So6zii edilen maddede
zikredilen  tasmmazlar  arasinda  ozel
milkiyete ~ konu  olmayacak  sahipsiz

tasmmazlar da bulunmaktadir (Onar, 1944
Ertag, 2002). Madencilik faaliyetlerine iliskin
haklar, tapu siciline benzer sekilde
olusturulan maden sicilinin verdigi giivence

ve  istikrar  ile  hukuki  bakimdan
kuvvetlendirilmigtir. Ozel hukuktaki “ayni
haklar” ile benzeyen yonleri yamnda farklh
bircok o6zelligi bulunsa da sonugta, sicile
kayitla kazanmilmasi, bu haklan ayni hak
niteligine yaklagtirmaktadir (Giilan, 2008).

Cikarllmams olarak vataginda mevcut
bulunan madenlerin gerek doktrince gerekse
de Medeni Kanun’da tasimmmaz olarak kabul
edildigini  belirtmistik. Zikrettigimiz ~ ayni
hakkin konusu esyaya, vani smurlan belirli
maddi (cismani) bir varligi olarak nesneler
iizerinde verilmektedir (Ertas; 2002). Ancak
bu anda, sahipsiz mal olarak madenlerin
“maddi olmayan ayni haklar” saglayan
kurallar oldugu distniildiginde (Kubali;
1944, Omar, 1967), Devlet, verdigi maden
ruhsatlariyla sahibi oldugu bu maddi olmayan
hakkindan yararlanma hakkmi kisilere ve
kuruluglara devretmis olur. Bu haklara aldi
ruhsatla sahip olan madenci de, Maden
Kanunu’nda yer alan 6dev ve yiktimliilikleri
iistlenmis olur. Bu noktada Canga, eserinde,
Titk Medeni Kanun’da, o6rnegin Fransa
Medeni Kanun’da oldugu gibi, gayri maddi
hakkin ve bu hakkin ayni haklarla
baglantisinin diizenlenmedigine isaret etmigtir
(Canga, 2005).

Sonugta bu goriisii, yukarida bahsettigimiz,
maddi (cismani) bir kiymet olmayan “maden
hakki”nmin maden sicilinde tescili konusuyla
da iliskilendirebiliriz. giiniimiizde yiiriirhikte
bulunan 3213 sayih Maden Kanunu’nun
kabulii sonrasinda madenlerin maden siciline
tescilinde arttk Medeni Kanun’a uyumun
eskisi kadar gerekmedigi de iddia edilebilir.

Diger yandan “sahipsiz seyler ve menfaati
umuma ait olan mallar” smufi tapuya tescil
yoniinden smrlandirmaya  tabi  olmayip
istisnalar saklh bulunmaktadir. Kaldi ki kamu
mallarimn tapuya tescil edilmeleri onlarin
0zel miilkiyete elverisli olduklart sonucunu
ctkarmaz. Yani kamu mallarinin tapuda tescil
edilmesi, onlarin niteliklerinin degismesine de
vol agmayacaktir (Maliye Bakanligi, 1998;
Turan, 1998).

Evrim siirecinde 6nceki MK, m. 641°de
“sahipsiz seyler ve menfaati umuma ait olan
mallar” iken, yeni MK. m. 715’te “sahipsiz
yerler ve yaran kamuya ait mallar” ifadesi ile
bahsedilen kapsamun dili giincellenerek aynen
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korunmustur:  “Sahipsiz yerler ile yarari
kamuya ait mallar, devietin hiikiim ve
tasarrufu altindadir. Aksi ispatlanmadikea,
yarart kamuya ait sular ile kayalar, tepeler,
daglar, buzullar gibi tarima elverisli
olmavan  verler ve bunlardan  ¢ikan
kaynaklar, kimsenin miilkiyetinde degildir ve
hichir sekilde ozel miilkiyete konu olamaz.
Sahipsiz  yerler ile yarart kamuya ait
mallarin  kazamilmasi, bakimi, korunmast,
isletilmesi ve kullamimast ézel kanun
hitkiimlerine tabidir.”

Goriildagii gibi Yeni Tirk MK. m. 715°de
(Eski Tirk MK. m. 641); genel sular ile
tarima elverisli olmayan yerler ve onlardan
¢ikan kaynaklar 6zel miilkiyete konu
olamayacak yerler olarak sayilirken; kamu
yarari, kamu giivenligi ile ¢ok yakindan ilgili
olan deniz ve g6l kiyilar, yeralti sular,
madenler, petrol yataklar: ve ormanlar -eski
MK.’da oldugu gibi- yine, s6z konusu madde
hitkmiiniin kapsamina sokulmamustir.

Ancak tiim bunlarin devletin hakimiyeti
altinda olup 6zel miilkiyete elverigli olmayan,
dogal  nitelikleri geregi kamu mali
saylmalarinin ve sahipsiz mal kategorisine
girmelerinin, daha dogru bir deyisle,
Anayasaya gore de ozel miilkiyete konu
olamayacak olan yerler olarak kabul
edilmeleri nedeniyle adi gecen yerlerin
Medeni Kanun hitkmii kapsamina girmesinin
zorunlu oldugu kesindi (Diiren, 1975).

Nitekim tim kamu mallart simiflamasi
igerisinde, “devletin hiikkiim ve tasarrufunda”
olarak nitelendirilen mallar ¢ogunlukla
sahipsiz mallar kategorisine dahil edilen tiirde
mallard1. Keza “devletin hiikiim ve tasarrufu”
terimi de, sadece bir istisnasi disinda,
kanunlarda yalmzca devlet tiizel kisiliginin
elindeki mallar igin kullamlnugtir. Tabi
burada, bu terimi igeren mallarda, devletin
miilkiyet hakkina sahip bulunmas: anlaminda,
vani 6zel hukuk anlaminda miilkiyet olmadig
kesindi (Giilan, 1999).

Nitekim sahipsiz mallar, hukuki rejim
bakimindan  birgok  farkliliklar  igeren,
tagidiklann farklh 6nemler nedeniyle, kamu
malr konumuna sokulmus, birbirleriyle ortak
noktalari az olan mal kategorileridir. Ancak
sonugta  sahipsiz mal smft  isabetli
isimlendirilmis ve tarif edilmis degildir.
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Ciinkii bu mallarmn sahibi vardir ve Devlet
tizel kisiligidir. Devletin iilke unsurunu
olusturan ve 6zel kisilerin miilkiyetine tabi
olmayan her yer Devlet tiizel kisiligine aittir.
Bu yiizden sahipsiz smiflamasinda sayilan
mallar gercekte sahipsiz degildir. Sadece
sahipleri 6zel hukuk Kkisileri degildir. Bu da
bir sebep degil, girdikleri konumun bir
somucudur. Bu gerekgelerle Giilan, sahipsiz
mallara, daha dogru olabilecegi iizere,
sahipsiz yerine “kritersiz mallar”
denebilecegini belirtmistir (Giilan, 1999).

Somug olarak, 1810 tarihli Fransiz Maden
mevzuatindan alman ve idare hukuku da
Fransa’dan esinlenen Tiirk maden hukukunun,
1926°da Isvigre MK.’y1 kaynak olarak
benimsemesini ve  Alman Hukukunun da
Isvicre ~ Hukukunu etkilemis  olmasim
gozonine alarak; Tiirk doktrininin, maden
hukukunu degerlendirmesinde bu ¢ iilke
mevzuati ve doktrinini degerlendirmeye aldigt
sOylenebilir. ~ Nitekim  Kita  Avrupasi
icerisindeki bu iilkelerden isvigre Hukukunda
madenlerin  tasmmmaz ~ olup  olmadig:
tartismaltydi.  Fransiz  Hukukunun  etkisi
altinda kalan anlayisa gore ise madenler
tasmmazdi. Alman hukukunda esinlenen bir
anlayisa gore ise, madenler {izerinde
tasinmazlar gibi islem goren bir tiir ayni hak
olup, bu ayni hak, tasinmazlardaki gibi iglem
gorecek ve maden iizerindeki ayni hak Alman
MK. mn tasinmazlara iliskin hiikiimlerine tabi
olacakt1 (Goger, 1979).

Gorildiigh  tzere llkemizin  maden
hukukunu dogrudan yada dolayli olarak
etkilemis s6z konusu iilkeler igerisinde dahi
bir fikir birligi bulunmamaktaydi. Nitekim
benzer tablo, s6z komusu iilkelerde kamu
mallarimn stmflandirmasinda ve bu mallardan
vararlanma  Olgiitlerinde de  kendini
gostermistir. Bakimz (Onar, 1944; Diiren,
1975; Giilan, 1999). Ancak her ne kadar,
gliniimiizde, yalmz tilkemizde degil iilkemizin
benimsedigi Kita Avrupast Hukuk diizeninde
dahi kamu mallant teorisinde hala birtakim
kangiklarin varoldugu gézoniine alinabilse de;
bu durumdan ayn olarak kiyilar, dogal
kaynaklar ve servetler iilkemiz bakimindan
kamu mallarmin sert ¢ekirdegini olusturdugu
icin Anayasa hikiimleri ile tahsis edilmis ve
diger kamu mallan kategorileri bakumindan
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daha saglam bir korumaya alinmustir (Gtilan,
1999). Dolayisiyla Tiitk  mevzuatinda
madenlerin  miilkiyeti ve rejimi konusu
Anayasa hiikiimleri ile tartigmasiz, saglam bir
temelde bulunmaktadir. Konuyu acikliga
kavusturmak adina madenlerin miilkiyeti
konusundan hareketle mevzuat evriminde
madenlerin rejimi konusunu degerlendirelim.

2.2 Madenlerin Miilkiyeti ve Rejimi
Konusunda Devletin Konumu

Madenlerin  giiniimiizdeki kadar 6nem arz
etmedigi Islam donemi ve 1858 tarihli Arazi
Kanunu’'na kadarki Osmanli déneminde dahi
madenler “devlet mali” olarak goriilmekte
(Giinay, 2001) ve madenler iizerinde toplum
varanm goézetecek sekilde devletin denctimi
altinda, devlet ve 6zel isletmeciliginin birlikte
bulundugu domanial ve regalien maden
rejimlert gegerli bulunmaktaydi (Aktan, 1986;
Giinay 2001). Osmanli  Devleti’nin
kurulusundan Arazi Kanunu'na kadar, bazi
arazi gesitlerine gore degismekle birlikte
accession sistemi gegerli olabilse de, gergekte
6zel sahislarm madenleri isletebilme durumu
istisnai, hatta yasakti. Cilinkii Osmanh
Devleti’nin kurulusundan madencilik alamnda
bat1 kaynakh Nizamnamelerin yayinlanmaya
ve batill yatinmcilara maden imtiyazlarinin
verilmeye baslandigr dénem olan 1850°lere
kadar madenler tizerinde her ne olursa olsun
devletin miilkiyet hakkina hakim oldugu
goriilmiistir. Nitekim Osmanli Devleti’nde
1850°li yillar oncesinde dahi genelde biitiin
madenlerin  sahip oldugu 6nemden dolay1
devlet, madenlerden elde edilen iiriinlerin
iiretimi ve dagitimim kendi tekeline alnustir.
Ozellikle enerji madenlerinin  éneminin
daha da artmaya basladigl, Arazi Kanunu nun
yiirirlige girdigi déneme denk gelen 1850°ler
sonrasinda ise, Osmanh Devleti’nde 6zellikle
stratejik 6neme sahip olanlart basta olmak
iizere, madenciligin kendi kendisini yonetmesi
ve boylelikle de iiretimde verimliligt arttirmak
amactyla cesitli Kanunnameler yaymlanmstir.
Bu sekilde madencilikte bir otokontrol sistemi
olusturularak madenlerin belirli esaslarda
diizenli olarak iiretim yapar durumda
bulunmalan saglanmstir (Tizlak, 1997).
Ulkemizde madenlerin hukuki rejiminin
gecirdigi asamalara bakildiginda, madencilik
hakkinda kanuni diizenlemelerin tarihgesi
bakimindan ilk adim olan 1876 tarihli
Mecelle’nin, maden miilkiyeti konusunda
accession sistemini kabul ettigi
gorillmektedir. Nitekim Kita Avrupasinda da

hemen hemen biitiin eski Medeni Kanunlar bu
sistemi kabul etmislerdi (Kubah, 1944b).

Mecelle’ye nazaran daha ayrnntili  bir
sekilde diizenlenmis olan 1858 tarihli Arazi
Kanumu madde 107°de, arazi cesitlerine gore
topragm ve buna bagh olarak da igerisindeki
maddelerin kimlere ait olacagi belirlenmistir
(Asula, 1968; Diiren 1972). Bu Kanuna gore,
madenlerin beste biri devilete, beste dordii
bulana aittir. Miilk topraklar hakkinda
accession sistemi kabul edilerek, bulunan
madenler arazi sahibine ait olurdu, ancak
arazi sahibi olan kisiler veya madeni bulanlar,
madeni isletebilmek icin devletten izin almak
zorundaydilar (Onar, 1967).

Sonucta, bu Kanunda maden miilkiyeti
hakkindaki hiikiimler arazinin g¢esitlerine gore
degismekteydi. Madenler hakkinda, Miilk
arazide “accession”, miri arazide “domanial”
ve metruk ile mevat arazilerde ise “sahipsiz
esya” kurallart kabul edilmisti. Burada
Kubah, bu donemde miri arazilerde de
devlete ait olunmakla birlikte “accession”
hiikiimlerinin gegerli bulunduguna isaret etse
de, Osmanli Devleti’'nde arazilerin Devletin

mali kabul edilmesi ve buna uygun
yararlanma sekilleri ortaya konmasi gézoniine
alimdiginda, sonug olarak, Osmanl

Devieti'nde madenlerin  ¢ok  6nemli  bir
kismimin miilkiyetinin “domanial” kurallarina
bagh kilindigina isaret ectmistir (Kubals,
1944a). Dolayisiyla bu durum “accession”
sisteminin  aslinda uygulamada  gecerli
olamanus (Onar, 1967) oldugunu
gostermekteydi. Nitekim, Arazi Kanunu, arazi
(toprak)  rejiminin  6zelligi  bakimundan
accession sisteminden ayrimaktaydi.
Dolayistyla Arazi Kanunu'nun gecerli oldugu
bu dénemde, domanial ve regalien sistemin
her ikisi birlikte benimsenmis, boylece,
madenin devlete ait olmast veya madeni
bulamin maden iizerinde hak sahibi olmasi
aym anda uygulanmstir. Tabi belirtmek
gerekirse, bu dénemde Osmanl Devleti’nde
madenler devlet tarafindan igletilmemistir
(Findikgil, 1966).

Madencilik faaliyetlerini diizenlemek igin
daha kapsamli 6zel diizenlemelere gerek
duyulmasi tizerine 10.04.1810 tarihli Fransiz
Maden Kanunundan 6rnek alinarak ¢ikarilan
1862 tarihli Maadin Nizamnamesi’ne gore,
Devletten, maden aramak igin ruhsat,

1973
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isletmek icin ise imtiyaz almak gerekliydi.
Maden hakki sahipleri madeni isletmeye
giicleri yetmezse ruhsatlar; idarenin izniyle
devir veya fesih edilebilir, sirkete sermaye
olarak konulabilir, miras yoluyla mirascilara
gecebilirdi. Bu  ozellikleriyle ruhsat ve
imtiyaz, miilkiyet hakkinin Onemli
Ozelliklerini tagryan ve tamamen kisinin
malvarligina dahil bir deger niteligindeydi.
Imtivaz sahibi, isletme faaliyeti sonucunda
¢ikan madenlerin  sahibi olup, devlete
cikardigl cevher oraninda bir resim verirdi.
Ruhsat sahibi madeni isletmezse, imtiyazi
iptal edilerek hakkim kaybedecekti (Findikgil,
1966; Onar, 1966).

Bu siirecin @ sonrasinda  ise, 1924
Anayasasiyla kabul edilen devletgilik ilkesi,
yeni maden rejimlerinin dogmasimna yol
agmstir  (Onar, 1967). Osmanh Devleti
doneminde kapitiilasyonlar ile, birgok alanda
yvabancilara verilen imtiyazlar; kamu yaran
gbzetmeksizin madencilik faaliyetleri
gergeklestirdikleri g6zoniine almarak geri
almms, madenlerin ulusal yarara yonelik
olarak isletilmesi ilkesi benimsenmistir. Savas
sonrast giligsiiz ckonomi, 6zel tesebbiisiin

girisimlertyle  kalkmamayacagmdan, diger
sektorlerde  oldugu  gibi  madencilik
sektoriinde de, kurulacak kamu

tesebbiislerinin gerekli atilunlan yaparak, 6zel
girisime onciilitk etmesi dugtnilmistir (Telli,
1989).

Sonrasinda, 1926°da yiirtirlige konulan
MK., ilgili m. hiikiimleri ile aslinda, Mecelle
ve Arazi Kamumu'nun bazi arazilerdeki
madenler i¢in kabul etmis oldugu accession
sistemini tamamen terketmistir.  Ancak,
23.06.1906 tarihli Maadin Nizamnamesi ve
17.06.1942 tarihli 4268 sayili Kanun, 1954°te
6309 sa. Maden K. ile yiirtirlitkten kalkincaya
kadar mevzuat Ongérisiinde bir degisiklik
olmanustir (Onar, 1967). Nitekim
Nizammame nin  45. m.sinde, madenlerin
Devletin idaresine birakildig: ya da hiikiimetin
katdim ile Tirk sirketlerine ihale olundugu
disiniildiigiinde, o6zellikle bu doénemde,
devletgilige dogru kuvvetli bir adum atilmasi
suretivle domanial sistemin etkisinin daha
¢ok hissedildigi gozlenmekteydi. Ozellikle
Arazi Kanununun yiiriirlikten kaldinlmasina
karsin, MK.’mn kabuli sayesinde domanial
silsdtemin faydali uygulamasi engellenememis
oldu.

S6z konusu donem icerisinde, madenler
iizerinde ozel nitelikte bir “domanial
sistemi”nin gegerli oldugunun kabul edilmesi
gerektigi zorunluydu. Soyle ki, her ne kadar
MK. 644, maddesinde accession
uygulamasmin ongorillmesi  ve bu
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uygulamanin, Maadin  Nizamnamesi’nde
“sathi  madenler” denilen  madenler
hakkindaki hitkkiimlerde de mevcut bulundugu
ortada olsa da; aslinda, s6z konusu “sathi
madenlerde” de accession uygulamasimn
domanial nitelige bliriinmiis oldugundan, “asli
madenler’de  ise  domanial  sisteminin
uygulamada oldugundan  bir siiphe
duyulmamaktaydi.  Zira  Nizamname’nin
bircok  hiikiimleri; maden cevherlerini,
birtakim sembolik tavizlerle sahsi miilkiyetin
smirlart disinda biraktign gibi, onlara imtiyaz
tasarrufu 1le belirli bir hukuki bir varhk
kazandirmakta, ve isletmeye baglandiktan
sonra da istisnai bir hukuki rejime tabi tutmak
surctivle onlan MK. m. 641 ve 644

kapsamina  alarak  domanial  sistemin
uygulamasim temin etmekteydi. Bu noktada
Kubali  ayrica, kiyaslama  yapilmak

istendiginde, Nizamname’nin madem bulanlar
Iehine tamdig1 6ncelik hakkimin ve tazminatin;
“isgal” ile kurulan bir miilkiyet hakkimn, yam
Roma  Hukukundaki  “sahipsiz  egya”
sisteminin  hukuki neticeleri olarak
gosterilebilinirse de, boyle bir iddiamn, bu
donemdeki mevcut diizenlemelerin - ve
uygulamalarin varhiginda domanial sistemin
karsisinda iddia edilemeyecegini belirtmistir
(Kubali, 1944b). Nitekim petrolii maden
olarak degerlendiren Kubali, 24.03.1926
tarihli Petrol Kanunu’na gore petrol arama
hakkimn  dahi, Maadin  Nizamnamesi
hiikiimlerine uymak sartiyla devlete ait
bulunmas1 itibariyle, accession  sistemi
uygulamasinin s6z konusu edilemeyecegini
gosteren bir durum olarak bulunduguna isaret
etmistir (Kubali, 1944a ve 1944b).

Dolayisiyla MK. madde 644°in, en yeni
goriislere uygun olarak, arazi miilkiyetinin
“buttinleyici par¢a” (accession) sisteminin
uygulanabilirligi noktasinin simrlarm ¢izmis
olmasi, sonugta; madenlerin domanial bir
rejime tabi tutulabilmesi ig¢in en elverigli
hukuki temelleri iceren MK. hiikiimleri ile,
madenlerin arazi miilkiyetine kiyasla hukuki
durumu bakimundan eski mevzuatla Maadin
Nizamnamesi arasindaki herhangi bir
anlagsmazligin ¢ikabilmesi olasiigimu ortadan
kaldirmasti (Kubali, 1944b).

Bu stire¢ igerisinde, ilerleyen zamanda;
1945’lerde baslayip, 1950°den sonra artan
devletgilik aleyhindeki diisiinceler nedeniyle,
madenlerin yabanci sermayeye birakilmast
fikri agirlik kazanmug ve 11.03.1954°te 6309
sayilh Maden Kanunu ile bir anlamda eski
sisteme biraz daha yaklasilarak, madenlerin
devletin  hiikim ve tasarrufu  altinda
sayilmastyla beraber, isletilmesinde gergek ve
tiizel 6zel tesebbiislerin de daha agulikhi



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

olarak katilmasi esas almmustir. $S6yleki: Bu
Kanmun ile, maden hakkimn sadece devlet
tekelinde olmasi ilkesi kaldirilarak, Tirk
vatandasi olan gercek Kkisilerin de maden
hakki sahibi olabilecegi ilkesi getirilmis,
ayrica kamunlannmiza uygun olarak kurulan
yabanci sirketlerin de madencilik sektoriinde
arama ve isletme hakki sahibi olabilmesi
saglanmistir. Bu yoniiyle 6309 sayili Maden
K., evvelce kabul edilen imtiyaz sistemi ve
devlet tarafindan konulacak sartlar dahilinde
isletme esasim kabul etmistir (Telli, 1989).

Ancak 6309 sayih  Kanunu'nun 4.
maddesinin "madenler devietin hiikiim ve
tasarrufu altinda olup iginde bulundukiar
arzin miilkiyetine tabi degildirler” yolundaki
hikkmii, cifte vurgu ile accession sistemini
disladigim ve madenlerin miilkivet konusu
olamayacagim ortaya koymaktaydi (Azrak,
1980). Nitekim bu siiregte Arazi Kanununun,
esasen, madenlerin miilkiyetini devletin
hakimiyeti olarak degerlendiren goriisiine
paralel olarak; Arazi Kanunu'mun m. 107
hitkkmii, yeni teknik ilerlemeler ve kanundaki
miilkiyet ~ hakki  bakimindan  yapilan
degisiklikler gozoniinde tutularak, 6309 sayil
Kanuna aktarilms oldu (Uckan, 1983).

Keza devaminda, 1961 Anayasasi, 130.
madde hitkmii ile; yani “dogal servetler ve
kaynaklarin devletin hitkiim ve tasarrufu
alinda  bulun”’dugu  hiikkmiiyle, sadece
madenlerin toprak miilkiyeti disinda kaldigim
ve kamu mal niteligi tasidigim kabul etmekle
kalmamus, aym zamanda bunlarin aranmasi ve
igletilmesi hakkim da ¢6n planda devlete
vermis, boylelikle de ilke olarak domanial
sistemi bemimsemisti,. Bununla beraber
maddenin son ciimlesi arama ve isletmenin
devletin 6zel tesebbiisle birlesmesi suretiyle
veya dogrudan dogruya 6zel tesebbiis eliyle
vaptlmasm da -kanunun agik iznine tabi
tutmakla birlikte- kabul ettigine gore,
domanial sistem yannda regalien sisteme de
yver vermis bulunmaktadir (Azrak, 1980).
Dolayisiyla Tirk Hukukunda domanial ve
regalien sistem arasinda karma bir sistem

gegerli bulunmaktayda.
Sonug olarak, 1961 Anayasasit sonrasinda
Medeni Kanun'un, madenleri, tabi

bulunduklart arazinin biitiinleyici pargasi
olarak goren maddeleri, hukuk sistemimizde
6li bir hikkiim saydmaktadir. Ciinkii Kanun
Koyucu, madenler konusunda bir takim &zel

hiikkiimler getirerek, bu alam genis Olgiide
yeniden diizenlemistir. Bu konudaki 6zel
mevzuatin baginda 6309 sayih Maden K.
gelmektedir. Bu Kanunun ana hiikiimlerine
gore madenler 6zel miilkiyete tabi olmayip,
devlet, kendi tasarrufunda bulunan bu yeralti
servetlerini, belirli yontemlere gére isletilmek
iizere sahislara gecici sekilde terkedebilirdi.
Salislarin  bu yoldan e¢lde ettikleri bu
donemdeki igletme imtiyazlar, MK. mn
anladigr anlamda, bir 6zel miilkiyet tarzi
degildi (Feyziogln, Doganay ve Aybay,
1968). Dolayisiyla bu stiregte, madenlerin
kime ait bulundugu, bunlarnn ne sckilde
isletilecegi 6zel kanunlar ile belirlenmis
bulundugundan, maden hukukunun
degerlendirilmesi, bir medeni hukuk konusu
olmaktan ¢ikmus, bir “idare hukuku” konusu
haline gelmistir (Saymen ve Elbir, 1963).

Bu siirecin devaminda, 2.1.4 boliimiinde
deginilmis olan, 1965 tarihli Anayasa
Mahkemesi kararinda da, Anayasa’daki,
madenlerin  devletin  hiikiim ve tasarrufu
altmda bulundugu hitkmiine paralel bir bakis
acist ortaya konulmustur. Bu karar, Devletin
madenler iizerindeki hakkmn bir miilkiyet
hakk: olmadigmm, Devlet lehine dahi 6zel
miilkiyet kurulamayacagi ifade etmektedir.

1982 Anayasast da, 168. maddesindeki
hiikmii ile, o©nceki Anayasann ilk iki
climlesini aynen korumustur. Bundan sonraki
hiikiimlerinde de, ifade degisikligine karsm,
onceki Anayasadan farkli bir diizenleme
getirmemistir. Dolayisiyla 1982
Anayasasi’nda da, tipki 1961 Anayasasi’nda
oldugu gibi domanial ve regalien sistemler
birlikte kabul edilmistir. “Madenler devietin
hiikiim  ve tasarrufu alfindadwr”  hikkmii
gergevesinde 1985 tarihli 3213 sayih Maden
Kanmumu da, (m. 4) hikmiyle yine
Anayasalara paralel bir diizenleme yapnustir.

Anayasa Mahkemesi’nin 1986°da verdigi
karara da tekrar deginirsek; bu kararda
Yikksek Mahkeme; “... soz konusu 49.
maddenin dilekgede iddia edildigi gibi tiim
madenlerin ozel sektore devri gibi bir amag
tasimadigi, aksine Devlet ile ozel sektoriin
bir arada faaliyette bulundugu karma bir
sistemin  dogmasina  neden  oldugu”
aciklamasiyla kanaatini gostermistir (Giilan,
2008). Bu Mahkeme tarafindan Anayasamn
168. m.sindeki verilen anlamun belirlenmesi
bakimindan, bu karardaki kabul edilmeyen ve
kars1 oy gerckgesinde yer alan bakis agisimn
da Onemi ve islevi bulunmaktadir (Giilan,
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2008). Sz konusu goriiste; her iki Anayasada
da devletin 6nceliginin (domanial sistem)
kural olarak ve o6zel kisilere madencilik
izninin tamnmasimn (regalien sistem) istisna
olarak diizenlendigi kabul edilmesine karsin;
ozellikle gerek 6309 sa. Maden Kanunu’nun
1961 Anayasasi’na uyumlu hale
getirilmedigine, gerekse de 1982 Amnayasasi
sonrasinda 3213 sa. Maden Kanunu'nda her
ne kadar m. 4 hitkkmii gegse de bu yonde daha
aciklayici bir diizenlemeye yer verilmedigine
dikkat ¢ekilmistir.

Dolayisiyla, 1982 Anayasasi’mn 168.
maddesinde yer alan, maddenin anlanmna
iliskin bu aciklama, devlet ve Ozel sektor
bakimindan arama ve isletme konularinda
esitlik  saglayici  bir yorumla Anayasa
maddesinin ele almdigiu gdstermektedir
(Telli, 1989; Giilan, 2008). Amlan kararda;
168. maddede, devlete bir 6ncelik, ve ancak
vapamamast halinde 6zel scktére imkan
verilmesi seklinde bir derecelendirme oldugu
yorumunun  ¢ogunluk tarafindan  kabul
edilmemis olmas1 sonucu ortaya ¢iknugtir.

Son donemde, 26.05.2004 tarihinde
yirirlige konulan 5177 sa. K. ile 3213 sayih
Maden Kanunu'nda yapilan degisiklikler
sonucunda, devletin dnceligi bir yana, maden
arama ve isletme alanmdaki varhig
diizenleyicilik ile smrlandirilsa da (Yagh,
2008), oncelikle Maden Kanunu m. 4’e gore
“madenlerin  icinde  bulunduklann  arzin
miilkiyetine tabi degildir” ifadesinde madenin
kendisinin mi devletin hilkim ve tasarrufu
altinda oldugu, yoksa maden yataginmn mi bu
sekilde nitelendirildigi  (Ugkan, 1983)
ayrimun yapilmas: gerekmektedir. Burada,
madenin ¢ikaran kisi tarafindan iiretimi
gerceklestirildiginde, maden  iizerinden
hesaplanacak bir “devlet hakki” sorumlulugu
bulunmakta olup, tustelik bu devlet hakkimn
da ayni bir hak olmayip maden iretimiyle
saglanacak gelirden devlet payma disen
kisim oldugu goriilmektedir. Biitiin bunlar,
¢ikarilmakla madenin miilkiyet konusu
oldugunu ve tasimmmaz mal milkiyetinden
kurtulup faginr mal niteligine doniiserek 6zel
millkiyette kabul edildigini, devlet hakkimn
dahi madenin bir kismu iizerinden olmayip,
geliri tizerinden bir pay olarak diizenlenmis
bulundugunu goéstermektedir. Ancak burada;
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maden ¢ikarma faaliyetine, madenlerin
¢ikanlmadan o6nce kamu miilkiyetinde,
¢ikanldiktan sonra 6zel miilkiyette oldugunu
soylemeyi hakl kilacak nitelikte bir hukuki
konum olusturmak da isabetli olamayacaktr.
Dolaysiyla devietin  hiikiim ve tasarrufu
altinda olmay1 miilkiyet hakkmm bir cesidi
olarak ve kanmu miilkiyetinin bir ifade bigimi
seklinde kabul etmek, madenler bakimindan
tatmin  edici  bir aciklama  bigimi
olamamaktacdir. Ciinkii, ¢ikandmis olan
maden, devietin hiikiim ve tasarrufu altinda
olmaya devam etmemektedir (Giilan, 2008).
Yani madenler iizerindeki kamusal miilkiyetin
kendisi degil de sadece bunlarn isletme hakk:
belirli bir siire ile 6zel kisilere birakilabilir.
Aksine, devlet, madenlerin miilkiyetini &zel
kisilere devredemeyecegi gibi, madenleri
ozellestirme kapsamina da alamaz.

Sonugta 3213 sayii Maden Kanunu m. 4
hitkmii ve 1961 ve 1982 Anayasalar’nmn séz
konusu kurali geregi madenlerin kamu malt
oldugu ilkesi esas almarak o&zel ve tiizel
kisilerce aramilip igletilmelerine  olanak
saglayan hiikiimleri, devletge yapilacak
gbozetim ve denetim yontem ve esaslarim
icermekte (Canga, 2005), bu suretle devlete

madenler konusunda ozel hukuki
diizenlemeler  getirme  imkam  ortaya
konulmaktadir. Devlet bu  yetkisini

madenlerle ilgili Kanun ve Yonetmelikler
cikararak, MIGEM vasitasiyla da maden
sahalarim stirekli denetim ve gézetim altinda
tutarak kullanmaktadir (Topaloglu, 2010).

Nitekim devlet hakimiyeti sisteminde
arazisinde maden bulunan Kkisinin, ileride
maden sahasmna doniisecek olan arazisini
kaybetmek tehlikesi ile karst  karsiya
kalabildiginden, bu dogrultuda Yeni MK. m.
754’de, madenlerle ilgili olarak ézel miilkiyet
hakkimn  kasitlanabilecegi  6ngérilmektedir.
Madenler ile ilgili arazi sahibinin miilkiyet
hakkim simirlayan 6zel Kanun ise 3213 sayili
Maden Kanunu olmaktadir (m. 46).

Son olarak Damstayin, 2004°te, (Damstay
1. Dairesi, 05.03.2004 giin ve Esas 2004/17,
Karar 2007/24 sayil istigsari goriigii) 1961 ve
1982 Anayasalarmm 6ngordiigii s6z konusu
hiikiimleri dogrulayan gorislerine yer vermesi
ile, gerek 1986 tarihli Anayasa Mahkemesi
kararindaki, gerckse de madenlerin rejimi
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konusundaki tartismalara netlik
kazandirilnugtir.

3. SONUC

Islam doneminde oldugu gibi, Osmanh
Devleti’nin  kurulusundan 1850°li yillara
degin ilkemizde, devletin mali sayilan

madenler tlzerinde domanial ve regalien
maden rejimleri gegerli bulunmaktaydi.

1876 tarihli Mecelle’nin, maden miilkiyeti
konusunda accession sistemini kabul ettigi
goriilmektedir. Nitekim Kita Avrupasinda da
hemen hemen biitiin eski Medeni Kanunlar bu
sistemi kabul etmislerdi. Ancak, 6zellikle
enerji madenlerinin 6neminin daha da artmaya
basladigr doneme denk gelen 1858 yilinda
Arazi Kanunu’'nun yiirirlige girmesinden,
1926 yilinda 743 say1li eski MK.'min kabuliine
degin, her ne kadar bazi arazilerde accession
sistemi ongdrilmiis olsa da bu, uygulamada
gegerli olamamustr. Cumhuriyet donemine
degin bu dénemde, yine, madenler {izerinde
devletin hakim oldugu bir maden rejimi
ortaya konmustur.

Yiriirliige girmesi sonrasmda s6z konusu
Medeni Kanun; madenlerin miilkiyeti ve
rejimi konusunda, 6ncesindeki Arazi Kanunu
ve 1906 tarihli Maadin Nizamnamesi
hikkiimlerinin ~ 6ngdrdiigii.  uygulamalarda
ortaya ¢ikabilecek karisikligl bertaraf etme ve
modern ihtiyaglant karsilama admna ilkemiz
mevzuatinda  olumlu  yonde bir etki
varatmistir. Bu suretle gecmiste, iilkemiz
mevzuatinda  bazi  arazi  ¢esitlerinde
ongoriilebilen accession ve sahipsiz esya
kurallan, yerini sadece domanial ve regalien
sisteme biraknmstir.

Bu donemde 743 sa. MK. nin icerdigi baz
maddeleri  gozoniine alinarak, madenler
iizerinde accession uygulamasimn domanial
sistemle beraber gecerli olup olmadiBi
giindeme gelmisti. Ancak bu donemde Tiirk
MK’ mn kaynagr Isvicre MK.’da sahipsiz
seyler olarak madenlerin devletin hitkiim ve
tasarrufunda oldugu ve madenler iizerinde
6zel miilkivetin kurulamayacagi, gerek MK.
ve gerckse de 1svi<;re; doktrinince ortaya
konmustu. Béoylece Isvigre’de madenler
hakkinda ilgili diger maddelerin gegersiz
kilinarak, yalmizca m. 641°in varligmin gegerli

olabilecegi hiikmiine varilmasi, bu iilkede
madenler iizerinde ozel miilkiyet
kurulabilmesinden s6z edilebilmesinin artik
miimkiin olamayacagim gostermistir.

Buna karsin Tirk Hukuku'nda ise
Cumbhuriyetin ~ kurulusundan 6309  sayili
Maden Kanunu'na degin, 1906 tarihli
Nizamname ve 1942 tarihli 4268 sayil1 Kanun
dénemlerinde uygulanamayan accession
Ongoriisii, baskin olan domanial rejimi ile
birlikte, devam etmistir. Yine de bu dénem
icerisinde  Medeni  Kanun'un  igerdigi
maddeler g6zoniine almarak madenlerin
hukuki rejiminin ihtilafli olabilecegi iddias1
Tirk doktrinince kabul gérmemisti. Nitekim
bu durum, madenlerin miilkiyeti ve rejimi
konusunda Tirk Hukukunun ve Devletin
uygulamadaki roliiyle de dogrulanmaktaydi.

Bu siirecin devaminda 6zel K. olan 6309
sa. Maden K. “madenler devietin hiikiim ve
tasarrufu altinda olup, icinde bulundukiar
arazinin  miilkiyetine  tabi  degildir”
hiikkmiiyle, Medeni K. madde 641 hikmiinii
dogrulamustir. Sonra; aym ifadesi ile 1961
Anayasast’mn madenler hakkindaki hitkmii
karsismda MK.’mn  madenlerle ilgili
hiikkiimlerinin gegersiz kilinmasiyla (m. 632,
743 ve 911), artik Tiirk Hukukunda ge¢mis
donemlerdeki gibi accession uygulamasimn
olabilecegi hakkinda herhangi bir iddiada
bulunmak yersiz hale gelmisti. Ardindan
1965°te Anayasa Mahkemesi karar ve 1982
Anayasast’mn maden rejimi hakkinda 6nceki
Anayasa’dan farkhi bir anlayis getirmemesi,
ve en somunda da giiniimizde de gegerli
bulunan 3213 sa. Maden K. aym hiikmii ile
(m. 4), bu komu artik Tiirk Hukuku’'nda kesin
olarak ¢6ziime kavusturulmustur. Nitekim
1986 yilindaki Anayasa Mahkemesi karan ve
son olarak 2004 yilindaki Damstay karan da
maden rejimi konusunda 1961 ve 1982
Anayasalart’nin 6ngordiigii amlan hikiimleri
dogrulanustir.

Somu¢  olarak  mevzuat  evriminde,
madenlerin kime ait bulundugu, bunlarin ne
sekilde isletilecegi 6zel kanunlarla belirlenmis
bulundugundan, 6zellikle 1961 Anayasa’sinin
kabulii sonrasinda maden  hukukunun
degerlendirilmesi, bir medeni hukuk konusu
olmaktan ¢ikmus, bir “idare hukuku” konusu
haline gelmistir. S6z konusu evrimde ortaya
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¢ikan bu maden rejimi tablosunda, madenlerin

rejimi  konusunu madenlerin  miilkiyeti
konusumun etkiledigi  goriilmektedir. Bu
evrimde;

1) Turk doktrini ve yargist madenler
tizerinde devletin bir idare hukuku miilkiyeti
oldufu hakkinda asagi yukan hemfikirdir.
Nitekim Isvigre’deki doktrin de idare hukuku
miilkiyeti kavramum dogrulamaktaydi. Ancak
idare iizerinde varolan bu miilkiyeti &zel
hukuk miilkiyetiyle karstirmamak gereklidir.

Nitekim kamu mali sayilan madenler
iizerinde, 6zel hukuk anlaminda bir devlet
miilkiyeti s6z konusu edilemeyecegi gibi,
hatta devletin Iehine dahi 6zel miilkiyet
kurulamayacaktir. Yani Devlet, madenlerin
milkiyetini 6zel kisilere devredemeyecegi
gibi, ozellestirme kapsamuna da alamaz. Bu
dogrultuda dogal servet ve kaynaklarin
devletin hiikiim ve tasarrufu altinda olmasi,
madenlerin devlet denetiminde domanial ve
regalien sisteme uygun olarak isletilmesini
Ongormektedir.

2) Tiirk doktrini ve mevcut Anayasa
hiikiimleri ile yarg: kararlar, madenleri kamu
mallarindan  sahipsiz mal olarak kabul
etmekteydi. Bu kabul, sahipsiz mal
stmflamasi igerisindeki madenlerin; -kiyilar
gibi- yarart kamuya ait olan devletin hiikiim
ve tasarrufu altindaki mallardan ve esya
hukukundaki sahipsiz esyadan farkli nitelikte
oldugumu da ifade etmekteydi. Boylece
sahipsiz mallar iizerindeki  yararlanma
rejiminin de Ongodrdigii iizere madenler
iizerinde “sahipsiz esya” ongoriisii ile bir
maden rejiminin Osmanli Devleti'nde dahi
gegerli olamayacagi doktrince belirtilmistir.
Dolayistyla mevzuat evrimi dikkate almarak
madenler tizerinde domanial sistemi diginda
herhangi bir maden rejiminin
uygulanamayacag ortaya ¢ikomstir.

Nitekim Isvigre’de de, gerek Kantonlar
gerekse de doktrin, madenlerin yalmzca Tiirk
Medeni Kanunu m. 641°deki sahipsiz mallar
icerisinde  degerlendirilebilecegini,  yani
madenlerin  serbestce isgal  yoluyla
kazanillacak  nitelikte  olmadiklarim  ve
dolayisiyla da madenler iizerinde accession
uygulamasimn séz konusu edilemeyecegini
ortaya koymuslardir.

1978

Ustelik accession sisteminin daha ¢ok
Amerikan Hukuk Sisteminin gecerli olabildigi
iilkelerde ya da eyaletlerde gegerli oldugu ve
mevzuat evriminde Kita Avrupast Hukuk
diizenini 6rnek almug Tiirk Hukuk Sisteminde
Amerikan Hukuk Sisteminin hi¢bir zaman
gecerli  bulunmamuis oldugu  gdzoniine
alimdiginda, yine bu durumda da Tirk
Hukukunda accession uygulamasmdan s6z
edilebilmesi  kesinlikle miimkiin degildir.
Nitekim Kita Avrupasit Hukuk diizeninde de
bu uygulamaya yaklasan bir uygulama hemen
hemen yok gibidir.

3) Eski MK. doéneminde, ¢ikarilmams
madenler gerek doktrin gereckse de soz
konusu Medeni Kanun'da fasinmaz olarak
kabul edilmekteydi. Nitekim  ¢ikarilnus
madenler fasmr konumuna gelmektedir.
Ancak madenlerin tagimaz olup olmadig
Isvigre’de de ihtilaflrydr. Ozellikle sicile tescil
edilecek madenlerin maddi olmayan mal
oldugu dikkate alnmaksizin, bir maden
yatagi mu yoksa isletme hakki mm oldugu
tartigmast da yapimustt. Yeni MK.’dan ise
madenlerin, tapuda tescil edilecek mallar
icerisinden  ¢ikardmast  ve  tasmmaz
olmadigiin  kabul edilmesi yeni bir
degerlendirme yapimasim gerektirmektedir.
Bu durumda mevzuat evriminde maden
sicilinin tapu siciline 6zgii kuvvette varhigim
sirdiirdiigiic. =~ gozardi  edilmeyereck  bir
degerlendirmeye gidilmesi zorunludur.

Nitekim 6309 sayili Maden Kanumu ile
maden sicilinin olusturularak bu sicile, tapu
siciline 6zgii kuvvetin verilmesi sonucunda,
madenlerin MK.’ya gére tasinmaz olduklarn
yonii korunmus ve madenlerin tapu sicili ile
iligkilendirilmemesinden  dogacak  sorun
giderilmisti. Aslinda, 6ncesinde de, “kayit
defter” ve sonra “maadin defter” kaydi
uygulamasi ile madenler Maadin
Nizamnamesi’ne gore fasinmaz olarak kabul
edilmekteydi. Buna karsin maden mevzuati ile
tapu mevzuati arasimnda bir uyumsuzluk
bulunmamaktaydi. Dolayisiyla Yeni MK. ile
madenlerin tasimmmaz olarak kabul
edilmeyisinin  degerlendirmesi  yapilirken,
maden sicili ve oncesindeki uygulamann
varhigt gbzoniine almarak, bugine kadar
tapuya tescilin yapilmamig olmast ve keza
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hukuk sisteminin de ¢ift sicile izin vermemesi
dikkate almmmalidir.

Tabi Medeni Kanun’daki yeni diizenleme
sonrasinda;  madenlerin  tapuya tescil
edilemeyecegi gerekge gosterilerek,
madenlerin aranmasim ve maden yatirimeilar
arasimda esitligi ortaya koyma vasiflart olan
“bulunmus maden” kavramumn ve Oncelik
hakki  doguran  “buluculuk  hakki’nm
niteliginin zayiflatilmasina veya bertarafina da
sebep olunmamalidir. Ya da tam tersine,
olusan bu durum gerckge gosterilerek
mevzuat evriminde maden sicili
uygulamasmin yok sayilarak bu sicilinin
kaldirilmas1 da s6z konusu edilmemelidir.
Dolaysiyla Yeni Medeni Kanun degisikligi
sonrasinda, madenler hakkinda yapilmasi
gercken en 6nemli diizenleme, maden sicilinin
tapu sicili esdegerinde oldugunun belirtilerek,
madenlerin tasinmaz olarak maden siciline
kaydimuin devam ettirilmesini  saglatacak
hiikiimlerin hukuk sistemine yerlestirilmesidir.
Boylece hem ruhsat giivencesi saglanacak
hem de tapuya tescil edilmesi gercken mallar
arasindan cikarilan madenlerin miilkiyeti ve
rejimi konusu daha saglikli bir zemine
oturtulmus olacaktir.

4) Eski MK.’da (m. 641) “sahipsiz seyler”
yerine yeni MK.da (m. 715) “sahipsiz
yerler” tabiri kullamlarak maddenin dili
giincellestirilmis, boéylece maddede sayilan
verler yine 6zel kanun hiikiimlerine tabi
kilimmustir,.  Ancak  dogal  servet ve
kaynaklardan olan madenler yeni MK.’da,
yine eski MK. da oldugu gibi sayilmanustir.
Ancak bu yeni durumda da, Eski MK.’da
oldugu gibi, madenler doktrince sahipsiz mal
(yer) olarak gorilmeye devam ectmektedir.
Ciinkii devletin kamu mallant {izerindeki
hakkmimn niteligi konusunun Fransiz, Alman
ve lIsvicre Hukuklaninda dahi tartismal
bulundugu dikkate alindiginda, o&zellikle
ilkemizde kamu mallari diizenleyen bir
kanun da bugiine degin ¢ikarilmadif igin bu
mallarin hukuksal durumunu agiklayabilmek
bilimsel o6gretive ve yargisal kararlara
dayanmaktadir. Ozellikle kamu mallarimn
hepsi aym niteligi gostermemekte olup,

ozellikle sahipsiz mallarin her birinde farkli
hukuki rejimlerin gecerli olabilecegi doktrince
belirtilmistir.  Dolayisiyla  gerek  Yarg
kararlant gerekse de doktrince kamu mallart
icerisinde kabul edilen madenler tizerinde
O0zglin ve istisnai bir hukuki durum
bulunmaktadir. Nitekim dogal kaynak ve
servetler  ilkemiz  bakimindan  kamu
mallanmn sert ¢ekirdegini olusturdugu icin
Anayasa hiikiimleri ile tahsis edilmis ve diger
kamu mallart simflann  bakimindan daha
saglam bir korumaya ahnnustir. Béylece Tiirk
mevzuatinda madenlerin miilkiyeti ve rejimi,
Anayasa hiikiimleri ile tartigmasiz, saglam bir
temelde bulunmaktadir.

Sonug olarak; gecmiste, Islam donemi ve
Osmanli Devleti’nin kurulugundan 1850°li
yillara kadar, teknolojinin ve maliyetin sinirli
Olciide yalmzca agik ocak madenciligine
olanak tanimasi, 1850°1i yillardan itibaren ise
enerji hammaddelerinin 6nem kazanmasi, ve
yine, gecmis yillarda iilkemizde yeterli maden
aramast  yapumayarak petrolle  birlikte
madenlerin - varligimin  da bu  dogrultuda
yeterince ortaya ¢ikarlamanug  olmasi,
timiiyle, accession sistemini domanial
sistemle  birlikte mevzuat evrimindeki
belirttigimiz donemlerde var etmisti. Ancak,
iilkemizde maden aramalarnn arttikca ve bu
suretle, esasinda iilkemizin dogal servet ve
kaynak varlig1 yoniinden daha zengin oldugu
ortaya ¢ikarildikga mevcut maden rejimi
secimindeki tercihin de dogrudan etkilenecegi
sOylenebilir.

Bu ¢alismada madenlerin miilkiyeti konusu
acikliga kavusturulmaya ve bu komunun da
ortaya ¢ikardii maden rejimine etkisi
incelenmeye calisimustir. Siiphesiz ki, maden
rejimine etki yalmzca miilkiyet konusuyla
aciklanamaz. Ayrica, ¢alismada islenmemesi
tercih edilen, maden mevzuati evriminde
maden haklart ¢er¢evesinde madencilik
faaliyetlerinin kamu hizmeti olup olmadigi,
devlet ve ozel sektor tarafindan maden
isletilmesi, devletlestirme ve kamulastirma
gibi bircok konularda yapilacak ¢alismalar da
bu calismada bulunan eksikligi
tamamlayabilecektir.
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3213 Sayili Maden Kanunu Oncesinde ve Sonrasinda Maden
Arama Faaliyetlerindeki Degisikliklerin Incelenmesi

Analysis of The Changes in Mining Exploration Activities Before
and After Mining Law No. 3213

T. D. Yildiz
Istanbul Teknik Universitesi, Maden Fakiiltesi, Maden Mithendisligi Béliimii, Istanbul

OZET 15.06.1985 tarihinde yiiriirliige konulan 3213 sayih Maden Kanunu, tim diinyada
maden kanunlarinda yogun ve radikal degisikliklerin yasandigi bir déneme denk gelmektedir.
Bu Kanunun &ncesinin ve sonrasimn incelenmesi, giniimiizde madencilik sekt6rii agisindan
dogru tespitlerin ortaya konulmast ada énem arz etmektedir.

Arama faaliyetleri, yatmimcilar agismdan madencilik faaliyetlerinin  baglangicim  tegkil
etmekte ve en riskli donemi olarak kabul edilmektedir. Arama déneminde, maden haklarindaki
ilgili tiim taraflarin herbirinin haklarim gézeten kamu yararmm saglanmasi; madenlerden en iyi
surctte yararlanilmasi amaciyla maden ruhsat sahalarmmin atil birakilmamasi ile yatirimcilar
arasinda esitlik ilkesini barindiran ruhsat giivencesi dengesinde ortaya konulabilecektir. Bu
noktada arama donemlerinin siireleri; arama sahasimn smurlan, simrlarn taksiri; verilen hakkin
ruhsat alamndaki tiim mineralleri kapsayip kapsamadifi, aym alan igerisinde farklh mineraller
i¢in birden ¢ok sahsa ruhsat verilip verilemeyecegi; arama doneminde iiretim izni, mali-teknik
yeterlilik derecesi, tesvik; bulunmus maden ve 6ncelik hakki kavramlari; ruhsat sahibini
madencilik faaliyetine zorlayict ve 6zendirici uygulamalarin 6l¢iisti gibi konularnn tiimii birlikte
incelenmelidir.

ABSTRACT Mining Law No. 3213 came into force on 06.15.1985, mining laws all over the
world are experiencing intense and occurs at a time of radical changes. The pre-and post-
examination of this Act, the right to present the findings put forward on behalf of the mining
industry is of great importance.

Exploration activities to investors and will form the beginning of mining activities is
considered to be the most risky period. In the period of the exploration, mining rights of each
of all relevant parties to ensure that uphold the public interest; metals and mining license areas
in order to benefit from the best way be left idle with the principle of equality between
investors, host of the balance of the license assurance. At this point, the exploration time
periods of the exploration arca boundaries, borders, negligence, it covers all minerals in the
right license, for different minerals in the same area more than one person be given a license,
permission to exploration in the manufacturing, financial and technical qualification, promotion,
found mine concepts, and the right to a priority; licensing issues such as the owner of the
mini{lhg activity measure compelling and encouraging all applications should be examined
together.

yatirimeist bu faaliyetleri gergeklestirmek i¢in
. idareye basvurmaya karar vermeden evvel,
1 GIRIS oncelikle ~maden kanunu (MaK.) ve
Madencilik faaliyetleri, arama ile baglayan, yOnetmelikleri basta olmak iizere ilgili dier
maden isletmesi siirecinde cevher iretimi-  tiim mevzuatin, kendisine faaliyeti sonucu kéir
zenginlestirilmesi ile devam eden, kaynagmm  getirebilecek,  yeterli  derecede  ruhsat
tikenmesini  takiben caligtlan  yerlerin  giivenilirligini saglayabilecek kosullar igerip
kapatilmas1 ve cevre diizenlemesini de Igermedigini degerlendirir.
kapsayan bir stiregler biitiiniidiir. Maden
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Maden yatirimcisimn haklanmn tiim diger
taraflarin (bunlar; devlet, arazi sahipleri ve
arazideki diger maden hakki: sahipleri)
haklartyla birlikte korunmasi, madenlerden en
iyi sekilde yararlamlabilmesi amacinda,
madencilik faaliyetlerinin tistiin kamu yararn
ortaya koydugunun tespiti ile
degerlendirilebilir.  Bu  degerlendirmenin
siiphesizki  sektérdeki tim  yatirimcilar
arasimnda  esitsizlige meydan vermeyecek
sckilde vyapilmas1 da gerckmektedir. Bu
gercevede madencilik  sektoriine  yatirinu
etkileven mevzuat degisikliklerinin yalmz
meveut zamanmda degil tiim maden mevzuati
evirimindeki degisimle birlikte incelenmesi
gerckmektedir.

2. TURK MADEN MEVZUATI EVRIMIi

2.1 3213 Sayih Maden K. Oncesi Dénem

Osmanhi Devleti doneminde ilk yasal
diizenleme 1858 yilinda c¢ikarlan Arazi
Kanunu’dur. Bu Kanun (K\) yiriirlige
girinceye kadar, madenlerle ilgili 6zel
diizenleme mevcut degildi. Ardindan 1862
tarihinde, Fransiz Maden Kanunu’ndan alian
Maadin  Nizamnamesi, ve  devaminda
23.06.1906 tarihli Maadin Nizamnamesi
yiiriirliige konmustur. Cumhuriyet devrinde de
6309 sayih (sa.) Maden Kanunu'nun
yirirlige girdigi tarih olan 11.03.1954°¢
kadar, 1906 tarihli Nizamname ve 17.06.1942
tarihli “Madenlerin Aranmasi ve Isletilmesi
Hakkinda Kanun”da degisiklik getiren 4268
saylh Kanun, madenleri diizenleyen kurallar
olarak kalmuslardir. Aynca bu ddénem
icerisinde 1926 yilinda yiiriitliige konulan 743
sayili Medeni Kanun ile madenlerin miilkiyeti
ve hukuki rejiminde getirilen anlayisla 1876
tarihli “Mecelle”nin kabul ettii sistem terk

edilmistir.
Devlet isletmeleri ile 6zel kisilere ait
igletmeler arasinda esitlik saglama

yonelimindeki 6309 sayili Maden Kanunu,
kapsam ve uygulamalan itibariyle biirokratik
islemleri ¢ogaltmast neticesinde Maden
Kanunw’'nun  olumlu  yanlarmu  ortadan
kaldirarak igerdigi diizenlemeleri basarisiz
kilmig ve boylece eski diizenlemelere gore
birtakim geriye gidisler yasatmustir.

Nitekim bu olumsuz tablo sonrasinda,
Planh Kalkinma Doénemi olarak
adlandirilabilecek 1961-1980 aras1 donemde
iktisat politikas1 uygulamalar, beser yillik

1982

plan ve programlar seklinde ortaya konularak;
6309 sayili Maden Kanunu’nda herhangi bir
degisiklik vapilmaksizin, 1961 Anayasasi’na,
dogal servetlerin ve kaynaklarin devletin
hiikiim ve tasarrufu altinda oldugu hikmii
getirilmistir. 1963°de ise 271 sayili Kanun ile
mevcut Kanunun tiimden degistirilmemesi
tercih edilerck mevzuatta olumlu yonde
degisiklikler ortaya konmugstur. Devaminda,
1970’11 yillarda diinyada yasanan petrol krizi
ve linyite dayali termik santrallerden elektrik
dretiminin planlanmasi nedeniyle, o zamanin
belli bagh geligmig iilkelerinin de yonclmesi
dikkate almarak, 6zel sektoriin elindeki bir
kissm maden igletmelerinin  Devlet eliyle
yluritilmesine karar verilmis ve bu amagla
04.10.1978de 2172 sa. “Devletce isletilecek
Madenler Hakkinda Kanun” ¢ikarilmstir.

1980 yilindan itibaren ise ekonomide disa
acik gelisme stratejisi yiiriirlige konularak,
ozellestirmelerle ve enerji  politikalaryla
iligkili Diinya Bankastyla yapilan anlasmalar
dogrultusunda yeniden sekillendirilmistir. Bu
gergevede oncelikle 2172 sayih Kanun’a
iligkin iglemler durdurulmustur. Daha sonra
10.06.1983°de ¢ikartilan 2840 sayili Kanun
ile 2172 sayili Kanun yiiriirlikten kaldirilmis
ve daha 6nce kamu kuruluslarma devredilen
demir ve linyit sahalarimn eski maden hakki
sahiplerine iade edilmesi Ongorilmiistiir.
Diger taraftan bu Kanuna gére, Bor tuzlar,
Uranyum ve Toryum gibi stratejik madenlerin
isletilmesinin ancak devlet cliyle yapilacagl
hiikkme baglanmustir.

2.2 3213 Sayih Maden Kanunu Donemi

6309 sayith Maden Kanunu madenciligin
ihtiyaglanna cevap veremeyince yiiriirlilkten
kaldinlarak, yerine, 15.06.1985 tarihinde
3213 sayih Maden Kanunu uygulamaya
sokulmustur. Bu Kanunun da baz1 maddeleri
(m.) once 25.06.1987 tarihinde 3382 sayil
Kanun ile degisiklige ugramustir. Ardindan
16.02.1994 tarihinde yiiriirliige giren 3971
sayith Kanun ile 2840 sayili Kanun’un 2.
maddesi degistirilerek, “Bor tuzlari, uranyum
ve toryum madenlerinin aranmast ve
isletilmesi Devlet eliyle yapilir” hikkmii
korunurken, trona ve asfaltit madenlerinin ise
0zel sektdor tarafindan  aranmast  ve
igletilmesinin  yolu agilmugstir. Devamunda
sektoriin sorunlant ve gelistirilmesiyle ilgili
gerekli c¢Oziimleri tiretememesi nedeniyle
26.06.2001 tarihinde 4683 sayili Kanun ile
degisiklik gegiren 3213 sayili Maden Kanunu,
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ardmdan
ugratilnustir.

daha kapsamh degisikliklere

2.3 3213 Sayith Maden K. Sonras1 Dénem

26.05.2004 tarihinde vyiiriirliige giren 5177
saylh Kanun ile degisik 3213 sayili Maden
Kanunu ile, yatirimet lehine maden ruhsatinin
iptaline iligkin hiikiimler azaltilp sartlan
agirlastinlarak, yerine mali yaptirimlar tercih
etme anlayis1 ile ruhsat giivencesi ortaya
konulmaya calistlnmstr. Madencilik
prosediirleri  azaltlmaya  calisilous  ve
madencilik sektoriiniin 6niinii acan tesvikler
getirilmistir. 1zin konusunda ortaya ¢ikan
tikamklik bertaraf edilmeye c¢alisilnustir.
Yine, 1993 yilinda, Maden Kanunu nun 46.
maddesinin, isletme asamasmda madenci
Iehine kamulastirma yapilabilmesine imkan
veren son fikrasimn Anayasa Mahkemesince

iptali  ile ortaﬁ;l ¢tkan  kamulastirma
yapilamamasi i de bu Kamn
diizenlemesiyle giderilmeye  calistlmmstir.

Sonucta s6z konusu Kanun ile 3213 sayili
Maden Kanunu’nun biiyiik kism degisiklige
ugramstir (Ayrica 20.12.2005°de 5446 sayih
Kamun ile de degisiklik yapilmustir).
Tasocaklart ~ Nizamnamesi  yiiriirliikten
kaldinlarak biitiin  tasocagi malzemeleri
Maden Kanunu kapsanuna alinnmstir.

Son olarak; madencilik faaliyetlerinin
siirdiiriilmesi i¢cin alinmasi gereken izinleri
diizenleyen yonetmelige yetki veren Kanun
maddesinin  Damstay’m iptal gerekcesi
dikkate almarak Anayasa Mahkemesi
tarafindan  (15/01/2009 tarihli ve Esas
2004/70, 2009/7 sayil Karar) iptal edilmesi
nedeniyle, 24.06.2010 tarihinde “5995 sayili
Kanun ile degisik 3213 sayih Maden
Kanunu” yiirirlige konulmugtur. Boylece
uygulamada ¢oziim bekleyen bazi konularla
ilgili olarak Maden Kamunuw’'nun ¢esitli
maddelerinde  degisiklikler ve cklemeler
yapilmustr.

3. MADEN ARAMA FAALIYETI

3.1 Arama Ruhsati Bagvurusu ve Smirlan

6309 sayili Maden Kanunu hikiimlerine
gore, belli bir maden i¢in bir arama ruhsati
verilebileceginden, bununla iligkili harg ve
teminatlarmmn da her ruhsat icin ayn ayn
olmak iizere verilmesi gerekmekteydi. Bu
diizenleme arama faaliyetlerine girisecek
yatinmcilarn  ciddi  olanlarimn  basvuru

yapmasini saglama amaghydi. Esasen bu da,
basvurularin  sonuglanmasi, muhataplarim
etkileyen, arama ruhsati verilmesine esas
teskil eden oncelik hakki ile saglanmaktaydi.
Nitekim éncelik hakk:, bir yandan maden
aramaya baglamak isteyen bir yatirimcinin
faalivetlerini giivence altina aliken, diger
vandan faaliyetlerin ciddiyetle yapilmasi igin
birtakim gercksiz islemlerle idari islerin
zorlastirllmamasma ve uygulamanin hizli bir
sekilde ortaya konmasma da baslangig
olusturmaktaydi. Ik basvuran sahsmn; arama
ruhsati donemi sonrasinda madeni buldugu
takdirde isletme hakki alma ve buluculuk
hakkindan faydalanma yetkileri vardi. Bu
donemde aynca, arama ruhsatt edinimi
konusunda idarenin takdir yetkisi bulunmakla
birlikte mevzuattaki bu teminatlar ve harglar
da, bir gesit mali yeterlilik olarak idarece
kabul edilmekteydi.

271 sayih Kanun ile degisen 6309 sayili
Maden Kanunu madde fikras1 18/4°e¢ gore,
maden arama ruhsati istenen saha 2000
hektant gegemezdi. Bu st gegmesi halinde
arama ruhsat1 sahalariin 2000 hektara kadar
taksiri istenerek, hem yatirimcilar arasmnda
esitsizlife meydan verilmesi engellenmek
istenmis hem de s6z konusu sahalarm atil
brrakilmamasi amaglannustir. Ancak bir diger
Kanun hiikkmiine gore; aym sahis dncelik
hakkim elde ederek, aym maden icin birden
Jazla sayida ruhsat almak suretiyle birbirine
bitisik olarak arama ruhsat alanlarma sahip
olabilmekteydi. Dolayistyla da  Maden
Kanunu; bir yandan ruhsat alanlarim,
stirelerini  esneklik  gostermeksizin  kesin
olarak smurlandinirken, diger yandan aym
salusta yeterli derecede mali-teknik yeterlilik
aramaksizmn birden fazla ruhsat alabilmesine
imkan vererek bu sahsin neredeyse smirsiz
derecede ruhsat alanmna hiikiim edebilmesine
g6z yumacak sckilde, ruhsat sahalarimn atil
kalmasiyla neticelenen bir tablo ortaya
¢ikmasmna neden olmustur. Tiim bu haller
birlikte dusiniildigiinde olusan bu tablo, bu
donem yuriirlikteki s6z komusu Kanun
maddelerinin tutarsizhigim gostermekteydi.

Olusan bu durum ortadayken, Maden
Kanununda sumr  ihtilafimi engelleyecek
nitelikte bir diizenleme de gerekmekteydi.
Osmanli Devletinden Tiirkive Cumhuriyeti’ne
degin  yiiriirlikteki ~ kanunlarda, arama
vapilacak saha smurlariin haritalarla belirli
hale getirilmesi zorunlulugu varken, bu
zorunluluk 6309 sayih Maden Kanunu ile
kaldirilip yerine, arazide segilecek noktalarin

1983
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bevan edilerck gosterilmesi suretiyle yapilan
yeni bir simrlama yontemi konmustu. S6z
konusu degismeyle ol¢ii, teknik reddedilerek,
yerine tarif ve sahitlik yontemi getirilmigti.
Boylece bu donemde swur ihtilaflar:
yiiziinden aym saha tizerinde birkag kisiye
birden arama izni verilebilmesi hali sik¢a
gozlenmekteydi  (Yersel, 1970). Diger
yandan, arama basvuru sahibinin teslim ettigi
belgelerde ufak hata ve eksiklikler nedeniyle
iptal karan veren, mevzuatin ortaya koydugu
uzun formaliteler ile maden hakki sahiplerinin
maden sahasma sermaye yatirmasina engel
teskil eden anlayisin bu donemde degismesi
gerekmekteydi.

Bu nedenle tiim sinur ihtilaflarina meydan
veren diizenlemeleri dikkate alarak; Kanunun
mevcut diizenlemesinin, 6zellikle arama
ruhsat bagvurulan dolayisiyla, simr noktalari,
saha smurlar, bagvuru sahasi yiiz O6lgiimi,
kroki gibi hususlarda arayicilan birgok
zorluklara maruz birakmast ve mevcut
sistemin birgcok formalitelere dayanan, maden
haklanmn yitirilmesine, uzun masraf ve
ugraslara sebep olabilen bir sistem oldugu
gozonine alinarak, iilkeyi miimkiin olan en
kiiciik maden sahasi parsellerine ayirabilecek
parselasyon  sisteminin  kabiiliinin  bu
baglamda faydali olabilecegi savunulmugtur
(Findikgil, 1966).

3213 sayili Maden Kanunu doneminde ise
onceki donemde sabit 2000 hektar olan
madenler i¢in alan simrlamas: kaldirnlarak;
mermerler icin en fazla 250 hektar, gol
sularinda en fazla 2000 hektar alan icin (g6l
sulan icin bu simrlama 4683 sayili Kanun ile
kaldinlmigtir), madenlerde ise bir alan
smrlamast  olmaksizin  arama  ruhsati
bagvurusunun_  yapilabilmesi  diizenlemesi
getirilmistir. Oncelik hakki esas olmak iizere,
bagvuran, alan uygun ise, dogrudan arama
ruhsati talebinde bulunabilir veya {icretini
Odeyerek 15 giin sure ile rezervasyon
yaptirabilirdi (m. 16). Ancak bu uygulamada
rezervasyon siresinden  otiirl;  baza
madenciler ¢ok biyikk alanlara basvuru
yapmakta ve teblig tarihini izleyen 16. giinde
1s¢ aym sahaya daha degisik koordinatlarla
bagvuru yapmak suretiyle, bir saha ¢ok uzun
sireler icmn bir madenci lehine kapal
kalabilmekteydi. Yapilan bu hilenin yamsira
bu donemde basvurular sirasinda gesitli
uyusmazliklar da goriilmekteydi. Diger
gandan maden ya da mermer arama
asvurusunda  bulunanlarin  bagvurularinmn
aninda degerlendirilmeyip 19-30 giin sonra
degerlendirilmesi sonucu da birgok ciddi
yatimmciun  basvurusu daha bastan iptal
olmaktaydi  (Ulusoy, 1992). Ayrica
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mermerlere tamnan alan simrlarina kiyasla
maden ruhsat alanlarina tamnan swirsiz saha
izni bulunmasmdan faydalanan basvuru
sahiplerinin mermer aramak istemelerine
ragmen bunu belirtmeyerek, maden arama
ruhsat1 bagvurulan yaptiklan ortaya ¢ikmusti
(Canga, 2005).

Burada, maden ruhsat alanlarimn smirsiz
olarak belirlenmesinden vararlanma hali;
belirttigimiz tizere her ne kadar bir 6nceki
donemde Maden Kanununda arama ruhsat
smirt belirlenmis olsa da tek sahsm birden
fazla arama ruhsat edinebilmesi hakkinn
bulunmasi neticesinde, dolayli olarak arama
ruhsatma tammnan alamn siirsiz olabilmesi
durumunun, sonraki 3213 sayih Maden
Kanunu doéneminde dogrudan mezuatta
saglanarak devam etmesi, ve bu surctle de
maden hakki sahibine kotii niyetli olarak
maden sahalarmu atil birakmasma imkan
veren bir durum ile kendini gostermistir.
Ozellikle arama ruhsat smirlaninda yapilan bu
degisiklik, 3213 sayili Maden Kanunu’nun
genel olarak madencilik sektérii igin olumlu
bir Maden Kanunu diizenlemesi anlayist
ortaya koymus olamayacagim gosteren en
biiyiik delildi.

S6z konusu Kanun ile ayrica, bir 6nceki
Kanunda belirlenmis azami arama ruhsat
sturt olan il simrlart uygulamas: kaldirilmus,
sahamn smir noktalarmin  1/25000°lik
topografik haritalar ve “koordinat sistemi’ne
gore belirlenmesi yontemi kabul edilmistir.
Ruhsat harglarindan bagka, 6309 sayili
Maden Kanunu ile kaldmilan, hektar basma
alanda ruhsat cinsine gére artan bir “teminat”
almmast uygulamasi yeniden getirilmistir.
Ancak her ne kadar s6z konusu hikiimler
tekrar 3213 sayii Maden Kanunu ile getirilip
bu yoniiyle olusan geriye gidis 6nlenmek
istense de, 6309 sayili Maden Kanunu’ndan
farkli olarak 3213 sayili Maden Kanunu’nda
madenler icin herhangi bir alan siurlamasi
ongoriilmediginden, bu diizenleme, saha
spekiilasyonu yaratanlar i¢in caydiric1 bir
nitelik yaratmamus, aksine bu dénemde arama
yapmak isteyen yatirimcilan, yine 6309 sayi
Maden Kanunu déneminde oldugu gibi,
spekiillasyon ve sahalart  kapali  tutma
yonelimine iterek madencilige tarif edilemez
nitelikte zararlar vermistir. Gergekten de 271
sayili Kanun’un yiirtirliige girmesinden petrol
bunaliminin ortaya ¢iktig1 donem arasina denk
gelen (1963-1972) villarda toplam saha sayis1
ile faaliyette olan saha sayist arasindaki
belirgin  fark, bu donemdeki saha
spekiilasyonu iddialarim acgikca
dogrulamaktaydi. Bakimz (Alp, 1975).
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Son doénemde 5177 sayih Kanun ile,
geemis dénemde arama ruhsat bagvurularinda
uygulanan ve pratik bir yaran olmayarak
esitsizlik olusturan rezervasyon uygulamasi
kaldinlmugtir. Bunun yamsira son dénemde
5995 sayili Kanun ile maden mevzuatma ilk
defa “mali yeterlilik” kavramu getirilmistir.
Buna gore maden arama ruhsatim ilk kez
veya devir yoluyla almak isteyen gercek ve
tiizel kisilerin mali yeterlilie sahip olmasi
gerekmektedir. Bu Kanun’un 13. maddesinde,
teminatin 10000 TL’den az olamayacagl, her
vil yeniden degerleme nispetinde artirilacag:
ve diger ilgili hususlar belirtilmistir. Diinyada
genel egilim ruhsat verilmesi sirasinda
herhangi bir mali yeterlilik aranmamasi
yoniindedir. Ancak Kanun Koyucu, ge¢mis
donemlerde olusan sikintilan  g6zoniine
alarak, arama ruhsatlannin madencilik amaci
dismda spekiilatif amaglarla kullanilmasim
engellemek igin bir mali yeterlilik sart1
getirmistir. Bu yaklasim, spekiilatif amacla
maden sahalarm kapatan anlayist 6nlemek
adina stiphesizki faydali olabilir. Ancak
ileride yapilacak mevzuat diizenlemelerinde
zararl bir tekellesmenin olugsmamasi ig¢in mali
yeterlilik derecesinin  makul bir dlgiide
tutulmas1 énem tagimaktadir.

Ayrica 5177 sayil K. ile 3213 sa. Maden
Kamunu'nda yapilan degisiklik sonucu,
onceden Tasocaklart Nizamnamesi'ne bagh
olan maddeler de Kanun kapsamina alinarak
madenler 5 ana gruba aynlous, gegmis
donemlerde olusan olumsuz tablo dikkate
almarak alan smirlamasi olarak her gruba
farkli ruhsat alanlann ve farkhh arama ve
isletme siireleri tamnmustir (m. 16). Yine bu

Kanun ile koordinat sistemi ve teminat
uygulamasi devam etmektedir.
Bu donemde ayrica, biiyikk ruhsat

alanlarinda maden bulunmayan ya da arama
vapilamayan alanlarin, diger madencilik
faalivetlerine kazandimlmast igin  gerekli
diizenlemeler yapilmustir. Bu kapsamda bes
vil i¢inde ruhsat sahipleri tarafindan goriinir
rezervlerin ortaya c¢ikarlmast 6ngdrilmiis.
Ozellikle yeni yasada isletme ruhsatlarimn
goriniir, muhtemel ve mimkiin rezervler
dikkate almnarak verilecek olmasi ve rezerv
bulunmayan alanlarin taksir edilecek olmasi,

sonugta; oncesinde  baslayan  arama
calismalariin daha gergekei yapilmasinin ve
bilimsel temellere dayandirilmasinin

saglanmasim ve maden tespit edilemeyen
alanlarin  ruhsattan taksir edilerek yeni
aramalara acik hale getirilmesini ortaya
koymaktadir. Bu suretle 6nceki donemlerden
daha etkin bir taksir uygulamasi ve boylece
esitlik ilkesi ¢ercevesinde ciddi tesebbiislerin

faaliyetine  olanak  tammnarak  maden
sahalarimn atil kalmamasi amaglannugtr.

Diger yandan 5995 sayilh Kanun ile 3213
sayih Maden Kanunu'nun 7. maddesinde
vapilan degisiklige gore ruhsat miiracaatlarina
kapatilan alanlar 1le herhangi bir nedenle
hiikkiimden diismiis, faksir edilmis maden
ruhsat alanlarimn MTA’ya tahsis edilmesi ve
MTA’ca maden varhg saptanmasi sonrasinda
Bakanlar Kurulu karan ile 30. maddeye gore
ihale edilmesi diizenlenmistir. Ancak bu
diizenleme icin; Bakanlar Kurulu karan ile
MTA’ya arama ruhsat1 verilmesi suretiyle bu
alanlarin yillarca atil halde kalabilecegi yada
maden vyatimcilan arasinda  esitsizligi
arttiracak bir ortam dogurabilecegi ihtimali
oldugu iddia edilmistir (TBMM, 2010).

Bu konuda belirtmemiz gereken diger bir
durum da arama ruhsati simrlan disinda
arama faaliyeti yapilabilme olanagmin olup
olmadigidir. Arama faaliyetleri kural olarak
arama ruhsat sahasi i¢inde yiiritiiliir. Bununla
beraber Kanun; cevherlesmenin geometrisinin
tespiti amact ile aramalarin ruhsat s
disinda da  sirdirilebilmesine  imkan
tammustir. 5177 sayili Kanun 6ncesinde, eger
yeni cevher varhg tespit edilen bitisik veya
civar ruhsat sahasi, isletme ruhsat safhasinda
ise, bu takdirde arayici, varligimu bildirdigi
madenler hakkinda 15. maddeye gore ihbar
hakki sahibi olabilmekteydi. 5177 sayili
Kanun ile s6z konusu madde kaldirilmms ve
buluculuk hakkimmin yalmz arama ve on
igsletme ruhsatt safhalarinda degil isletme
ruhsat safhasinda da kazamlmasmn olanagt
getirilmistir.

3.2 Bulunmus Maden Kavram

6309 sayih Maden Kanunu'nun 49.
maddesine gore maden sahasimun belirlilik
derecesi ve madenin miktar, nitelik itibariyle
bir isletme tesisine elverisli cevheri igerdigi
ortaya ¢iknugsa, o madenin bulunmus maden
sayllmasina ve arayicisimn da o madenin
bulucusu olduguna karar verilirdi. Yapilan
inceleme neticesinde talep konusu maden,
aramalarin yetersizligi veya belli bir sonug
vermemesi gibi sebeplerle bulunmus maden
olarak sayiacak durumda degilse isletme
hakki talebi reddolunurdu (m. 60). 271 sayil
Kanun ile degisen, s6zii edilen 49. maddenin
3. fikrasinda, arama ruhsatina dayal
olmaksizm da bir madenin bulunmus
sayilabilmesi ve bu halde 60. maddedeki
sartlarin s6z konusu edilmemesi gerektigi
belirtilmistir.

Dolayisiyla 271 sayili Kanun degisikligi ile
bu donemde, “hicbir faaliyet yapilmaksizin
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kesif sonucu bulunmus maden” vasfina sahip
olma duruomu ile “arama faaliyetleri
neticesinde  fiilen  bulunmus  maden”ler
seklinde iki hal olmasina karsin, birincisinde
oncelik (riighan) hakki verilmesi durumunun
varligiyla, s6z konusu iki halde farklilik
bulunmaktaydi. Bu baglamda belirtmek
gerekirse, bulucunun isletme yapmamasi
halinde her ne kadar igletmeciyl segme
Ozglirligiiniin bulunmamas: hali var olsa da,
vaptigt arama faaliyetleri sonucu madeni
ortaya c¢ikarmasindan dolayr  buluculuk
haklarmin  karsihigr olarak alabilecegi en
yilkksek  tutarda  tazminatiun,  devletin
kontroliinde yapilan ihale yoluyla karsilandig
bir sistem mevcuttu.

3213 sayili Maden Kanunu déneminde ise
bir onceki dénemden farkli bir anlayigla
arama ruhsati sonradan herhangi bir sebeple
iptal edilse bile, buluculuk hakkinin devam
ettigi bir durum ortaya ¢iknmstir (Damstay 8.
Dairesi 14.10.1991 giin ve Esas 1991/116,
Karar 1991/1594). Arama ruhsati sonuna
kadar ruhsat sahibi faalivet raporlar: ile
isletmeye elverisli cevher bulamadigim
bildirmis, kendiliginden sahay1 terketmis, 6n
isletme veya 1sletme ruhsati talebinde
bulunmams veya 17. maddeye gore ruhsati
fesholunmussa, saha arama siiresi sonunda
kendiliginden, yeni aramalara acilirdi. Bu
diizenleme, esitlik ilkesi ¢ergevesinde arama
faaliyetine girisebilecek yeni yatirimciarin
Oniimii agmak ve ruhsat sahalarmin atil
kalmamas1 adina olumlu olmustur.

3.1 bolimiinin somunda da belirtildigi
iizere, 5177 sayih Kanun ile buluculuk
hakkimn igletme ruhsat safthasinda da
kazamlmasimn  olanag getirilmisti  Bu
gercevede buluculuk, oncelik hakk verilmesi
gercevesinde, Maden Kanununa o&zgii, bir
gesit madencilik faaliyetlerini 6zendirici bir
uygulama olarak ectkin roliinii devam
ettirmektedir. Giiniimiizdeki genel mevzuatta
her ne kadar buluculuk haklarimn ehliyetli bir
ruhsat sahibine devrinde idare kontroliinde
ihale uygulamasi yapildifn g6z6niine alinsa
da, maden ¢ikarilmasma yonelik izinlerin ise
kural olarak ihale konusu olmadigl, ayrica
buluculuk hakkmm da yine oncelik hakk:
kapsaminda bulana ihalesiz olarak verilisine
deginilerck buluculuk diizenlemesinin  bu
dogrultuda bir rekabetsizlik onceleyen bir
uygulama yarattigr iddia edilerck bulucuya
verilen igletme oOnceligi hakki elestirilmigtir
(Cal, 2010). Buna karsin Maden Kanunu’nun
bildiride incelenen ozellikleri ve ayrica
isletme donemi dikkate aliirsa, buluculuk
hakkimn olumlu bir uygulama oldugu ve bu
uygulamanin  devam  etmesi  gerektigi
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sOylenebilir. Ancak  tabi  buluculuk
kavrammmn, bulunmus maden, oncelik hakki
ve diger kavramlarla iligkisinde, cksiklik ve
sorun  yaratan  diizenlemelerin  varlifi
neticesinde, sOzii edilen kavramin
uygulamasinda, Maden Kanununun amaci
olan yatinmeilar arasindaki esitligin ve kamu
yvaranmn korunmast noktasinda 6zellikle
gegmis donemlerde istenen basarimin ortaya
konulamadig1 bir gergekti.

3.3 Arama Siiresi

6309 sayill Maden Kanunu déneminde tek
cins maden igin verilen arama ruhsati (m. 12)
2 yu siireliydi ve bu siire uzatilamazdi (m.
11). Madenci, ilgili Kanun maddelerinin
gosterdigi sartlar altinda (m. 49 ve 60)
madenin bulunmus maden haline gelmesi igin
gercken  biitin @ faaliyetleri  yapmak
zorundaydi. Arama doneminde madenin
bulunmus maden konumuna sahip bir duruma
getirilmemesi halinde arama ruhsat stiresine
uzatma imkam taninmaksizin iptaline sebep
olan bu diizenleme, s6z konusu donemde
diger iilkelerde siirenin uzatilmasi konusunda
imkan verilmesine ragmen, iilkemizde bu
imkamn  verilmemesi  (Findikgil, 1966)
dikkate almdiginda uygun bir dizenleme
degisikligine ihtiyag gostermekteydi. Ciinki
arama i¢in belirlenen siirenin; uzunsa daha
genis, kisaysa daha dar alanlarda gercken
Olgciide arama yapilabilmesine imkan verdigi

gozonine alindiginda, bu sirenin alan
genisliginin  tesbitinde  degerlendirilmesi
gereken bir niteligi bul tadir. Ancak

Maden Kanununda siirenin simirlandirilmasina
karsin, ruhsat sahalarmin atil  kalmasina
sebebiyet veren, gergek yada tiizel bir kisiye
istenildigi kadar ruhsatimn smurlandiriimadan
verilmesi durumumun mevcudiyeti ve ayrica
aramalar i¢in daha uzun siire talep edecek
ciddi yatinmcilarin  varolamamasi  halleri
birlikte degerlendirildiginde, tiim bunlarin bu
donemde Kanun tasanist hazirlayanlarm
dikkatinden kagmamasi gerekmekteydi.
Nitekim bu dénemde arama safhasinda
vaptlmast gerecken asdl arama  igleri,
spekiilasyon hareketleri bulunmadig takdirde,
va arama ile igletme devrelert arasinda
varatilmig bulunan zaman boglugunda, ya da
isletme ruhsati alindiktan sonra
vapimaktaydi. Béylece Kanunun kesin olarak
smurladigl arama devresinin siiresi kat kat
fazlasiyla kullamlmakta, dolayisiyla da bu
stnirlama bir aldatmaca ortamm yaratmaktaydi.
Arama ruhsati devresinde kesif safhasmin
yeterli olmamast ile; sahanin genis, siirenin
kesin olmasi, elde olunan cevherin serbestce
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satilmasi, arama izninin kiilfetsiz alinmasi ve
kontrolstiz bir c¢alismaya izin verilmesi
neticesinde genis Olglide firsatg1 ve tahripgi
bir madencilik vapidig, boylece saha
spekiilasyoncularimin varligiyla bu dénemde
diinyamn higbir iilkesinde benzeri
bulunmayan bir maden vurgun ve soygununun
bas gosterdigi dile getirilmigtir (Yersel,
1970). Keza bu dénemde, arama safhalarmin
mevzuatta bulunmayisimin yanisira, 6zellikle
aramadan isletmeye gegis evresinde, dilekge
ile isletme talebinde bulunuldugunda “Arama
ve Isletme Devreleri Arasinda Faaliyet”
baglikli 57. maddeden yararlamlarak, igletme
ruhsati alinmmg gibi uzun siire isletme ve
iiretim faaliyetinde bulunulabilinmekteydi.

3213 sa. K. ile ise; arama ruhsati siiresi
8’er aylik ii¢ adet arama donemi ile toplam 2
yil olmakla birlikte, buna ek olarak bir 6 aylik
proje hazirlik dénemi verilmesiyle toplam 2,5
vila ¢ikanlmistir. Bu siire iginde basvuru
vapildig takdirde aramalarin devamu ve kismi
bir tiretim i¢in 3 yil siireli “6n igletme ruhsat1”
verilmekteydi. Gegmis donemde sabit olmak
iizere arama ruhsat sirelerinin 2 yil oldugu
diistiniiliirse, stirede olumlu bir artis yapilms
oldugu soylencbilir.

Son dénemde 5177 sa. K. ile degisik 3213
sa. Maden K. 16. m.sinde, 2. maddede bes
grup olarak diizenlenen maden tiirleri ii¢ ayr
arama rejimine tabi tutulmustur. Bunlardan I
(a) Grubu madenler i¢in dogrudan valiliklerce
igletme ruhsati, V.Grup madenler igin “arama
sertifikas1” ve diger tiim maden gruplan iginse
arama ruhsati verilmektedir. Ayrnica arama
ruhsaty/sertifikas1 siiresinin 3 yil olacagi ve
IV. Grup madenler igin diger gruplardan
farkhh  olarak arama siiresinin 2y
uzatilabilmesi 6ngorilmiistiir.

Genel olarak bu degisiklik ile, o6nceki
donemde, her 8 aylik donem sonunda verilen,
ancak biirokrasiden bagka bir anlam ifade
etmeyen faaliyet raporlarimn sayis1 azaltilarak
igerigi zenginlestirilmigtir. On isletme dénemi
kaldinloug, arama donemi stiresi yeniden
diizenlenmis ve madencinin verecegi belge
sayis1 azaltilmig, boylece yasa biirokratik
islemlerden 6nemli 6lctide arndirilmmstir. S6z
konusu 16. maddede belirtilen faaliyet
raporunun  verilmemesi halinde yaptirim
olarak teminat irad kaydedilecektir. Bu
diizenleme arama ruhsati alinarak hareketsiz
kalinmasinin sakimcalarim 6nlemeye yonelik
olarak  getirilmis bir mali  yaptiimu
gostermektedir.

5995 sa. K. ile ise; hem 3213 sa. Maden K.
3. m.sine tammlar eklenmek suretiyle hem de
Yonetmelikte; 6n arama, genel arama ve
detay arama donemleri olmak iizere ti¢ adet

arama donemi acgiklanarak Kanuna
yerlestirilmistir. Buna gore; arama ruhsatinin
diizenlenmesinden sonraki ilk bir yil 6n arama
donemidir. Yikiimliligiinii yerine getiren
ruhsat sahipleri IV. ve VI. Grup madenlerde 2
vil, diger grup ruhsatlarda 1 yid olmak iizere
genel arama donemine hak saglar. Genel
aramadan sonra yine yiikiimliiliigiinii yerine
getiren ruhsat sahipleri IV. ve VL Grup
madenlerde 4 yil detay arama dénemine hak
saglar. Ayrica arama donemlerinin siiresinden
once tamamlanmast halinde dénem sonu
beklenmeden sonraki asamalara gecilebilir
(m. 17). Ancak burokrasiyi arttiran,
kapsamum verdigimiz 16. m. diizenlemesi
sonrasi ortaya olumsuz bir tablo ¢iknmstir.

Cizelge 1. 1995-2012 yillart arasinda yapilan
ruhsat bagvurulart ve diizenlenen arama +
igletme ruhsat1 sayillarnn (MIGEM, 2012).

Ik Ik Bagvuruda
Yil Basvuru | Diizenlenen Arama +
Sayist | Isletme Ruhsat Sayilan

1995 5647 2877

1996 5405 1809

1997 6503 1520

1998 5940 1296

1999 3975 2013

2000 5864 2587

2001 4675 2946

2002 6426 4401

2003 6856 4452

2004 3984 2625

2005 15149 9132

2006 18208 10462

2007 17669 10731

2008 17297 9957

2009 10377 6157

2010 9461 4730

2011 434) 1669
2012* 2373 450

*15.06.2012 tarihine kadar olan verilerdir.

Belirttigimiz iizere arama ruhsati doneminin
iice bolinmesi ve ik iki dénemin kisa
tutulmasi, bu surctle arama ruhsatlarinda bir
diger asamaya ge¢menin MIGEM’in keyfi
takdirine birakilmasi, sonu¢ olarak arama
faaliyetleri sonrast maden varligm ortaya
¢ikararak yeni maden isletmesi kurmak
isteyenlere caydirici bir etki yapmustir (TMD,
2011). Nitekim bu cercevede arama ve
isletme ruhsati sayilart birlikte
degerlendirildiginde, 2004 tarihinde 5177
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sayili Kanun diizenlemeleri sonrasinda ruhsat
sayilarmda belirgin bir artis meydana geldigi
goriilmesine karsin 5995 sayili Kanun’un
yirirlige girdigi 2010 yilindan itibaren ise
ruhsat sayilarnnda olduk¢a sert bir azalis
oldugu gorilmektedir (Ciz. 1).

3.4 Arama Déneminde Uretim izni

Arama doneminde {iretim izni, arama
faalivetlerinden yararlanma admna; yani
arama doénemi srasinda aramayi bir anlamda
tesvik etmek amaciyla, yatirmmeinin ekonomik
acidan  ihtivaglarmn  karsilamasi  igin
getirilmistir. Dolayistyla bu faaliyetleri 6nemli
sayilacak nitelik ve miktarda cevher
iretilenler ve tretilemeyenler seklinde de
ikiye ayrmabiliriz. 6309  sayih  Maden
Kanunu’nda belli bir miktarda cevher tiretimi
halinde bunun isletme olarak
degerlendirilecegi belirtilmistir. Bu Kanunun
35. maddesine gore ancak 2000 ton ham
cevher ¢ikarilmasina izin verilmekteydi.

3213 sayili Maden Kanunu déneminde ise,
On isletme asamasinda arastirmalarin saglikli
bir sekilde yiiriitiilebilmesi, cevher iiretim ve
pazarlama verilerinin tespiti amactyla 6nceki
donemde oldugu gibi, yine cevher dretimine
izin verilmigtir. Ancak 3213 sayili Maden
Kanunu ile goriniir rezervin %10’ una kadar
cevher iiretimine ve satisina izin verilmigtir
(m. 21), bu miktarn fazlasin tespitinde 12.
maddeye gore yaptinm  uygulanacagl
Ongorilmiistir.

Bunun yamsira yatinmeilan etkileyecek
diger bir husus da, 5995 sayilh Kanun’daki
diizenleme sonucunda; isletme izni ile tiretim
talebinde oldugu gibi arama dénemi iiretim
izni talebinde de ¢evre ile uyum teminatimn
vatilmast gerektigi ve faaliyet sonrasi
sahanmn cevre ile uyumlu hale getirildigi
takdirde s6z konusu teminatin iade
edilebileceginin 6ngodriilmesidir.

3.5 Arama sahasmda aliman ruhsatlarla
birden fazla maden aranmasi ve iiretimi

Maadin Nizamnamesi, aym sahada aym cins
maden icin ruhsat verilemeyecegi ilkesini
sadece arama ruhsati ve ilmithaber1 ddnemine
ilisgkin olarak  getirmekteyken,  sonraki
diizenlemede ise, ruhsat siiresi icinde aym
sahada tek cins maden i¢in bagkasma ruhsat
verilmemesi hali, tim madencilik
faaliyetlerine  iligkin ruhsat donemlerini
kapsamaktaydi (Telli, 1989; 6309 sa. MaK.
m.14). Diizenlemenin gerceklestirildigi 6309
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sayili Maden Kanumu gerckgesinde, arama
ruhsattin bir cins maden igin verilmesine
sebep olarak; ciddi faaliyet gosteren
madencilerin faaliyetlerini belli madenlere
baglayarak, tegkilatlarm faaliyet konusu
madene uygun sckilde  dizenlemeleri
gerekliligi sayilmistir. Ancak bu gerekceden
farkli  dogrultuda; baskalanmn  maden
haklarma tecaviiz  etmemek  kaydiyla,
belirlenmis bir sahada aramak istedigi maden
cinslerinin  tayinini  arayicuun — arzusuna
birakmanin, her maden igin ayn formalite ve
masraflann 6nleme, zamandan kazanma
bakimlarindan faydali oldugu ve ruhsat
alindiktan sonra da arama ruhsatnamesi
sahibinin ruhsatnamede yazili bulunmayan
diger maden cinslerini ruhsatnameye dahil
ettirme yetkisine sahip olmas1 gerektigi bir
gercekti. Ancak amlan Kanun hitkiimleri,
maden  hakki  sahibi Ilehine Kanun
gerekgesinde belirtilen faydalarn
saglamamakta, aksine gerekceye aykin olarak
maden hakki sahibinin ruhsat edinme hakkim
stirlama neticesini dogurmaktaydi.

Bu dogrultuda 6309 sayili Maden
Kanunu'nda degisiklik getiren 271 sayili
Kanun tasaris1 gerekgesinde belirtilen, arama
ruhsatt  dilekgesinde “..hazi durumlarda
aranacak maddenin ismi Kanunun 1.
maddesinde  gosterilen isimle  aym
gasterilmeyebilir”’ (Findikgil, 1966) beyam
cercevesinde belirtmeliyizki; birkag
istisnasiyla dogada madenler karisim halinde
bulunduklarindan, kansimdaki  maddeler
icerdikleri esas madenin elde edilmesi igin
¢ikanlirlar. Bu itibarla mevzuatta; bir
madenin iiretilmesine imkan verecek cevherin
eldesi ve cevherin icerisinde aym madenin
diger minerallerinin de kangik varlifimn
muhtemel bulunmasi  diigiincesiyle  tek
mineral yerine iiretimi kastedilen madenin
dahil edilmesinin 271 sayith Kanun ile
getirilen diizenlemeyle saglanmaya ¢ahisildig
gorilmekteydi.

‘Tiim bu diizenlemelerin meydana getirdigi
ihtilaflar ve tartigmalar bir bagka agidan, yani
“Arama ruhsati sahibinin aym sahadaki
diger maden hakki sahiplerivle iliskisi”
konusuyla  degerlendirilmek istendiginde;
Maden Kanunu'nun 31. maddesinin, arama
ruhsati sahibinin, aym sahadaki diger maden
hakk: sahipleriyle fayda iligkisi bulunmasi
veya tersine madencilik faaliyetleriyle
catigmasi halinde uygulanacak hukuki esaslar
tesbit ettigi goriilmekteydi.

Oncelik hakkimmin mevcut bulunmasiyla;
arama ruhsati, isletme ruhsati ve imtiyazi
haklarmin hak sagladig: yerlerde ve bulunmus
maden sahalarinda diger cins madenler igin
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arama ruhsati verildigi takdirde buralarda
meveut maden arama veya isletme hakka
sahipleri yeni arayicimn arama faaliyetine
engel olamazlardi. Ayrica yeni arayicy,
meveut maden arama veya isletme hakki
sahiplerinin maden yataf1l veya tesisatinin
emniyetini bozmamaya ve bu amagla
kendisinden talep edilen feminati vermeye
mecburdu (m. 14). Bu dizenleme ile, aym
sahada eski tarihli maden hakki sahibinin
arama faaliyetine engel olunmamasi igin,
sonradan baska cins maden igin arama hakk1
alan madenciden feminat istenmekteydi. Yani
bu durum; feminat gostermeyen arayiciun
madencilik faaliyetlerini yapamayacagim ve
eski maden hakki sahibinin 6ncelik hakkindan
varolan haklarmm burada teminatin varligryla
korunmaya calisimasim gostermekteydi.

Bu donemde; bahis konusunu actigimz,
“aym sahada farkli cins madenler icin
alman ruhsatlarla yapilan arama faaliyetieri
swrasmda  farkli  hak sahipleri  arasinda
anlasmaziiklarin dogabilmesi” sorunu da iste
bu noktada, ancak, ukarida
belirttigimiz, “arama  hakk:t  talep  eden
kimseye farkli cins madenleri kapsayan bir
tek  arama  ruhsatvuin  verilmesi’nin
saglanmasi ile s6z konusu ortaya ¢ikabilecek
ihtilaflarin  6nlenebilecegi bir durum ortaya
¢ikarmustt. Ciinkii goriilmekteydi ki, birgok
minerale ¢ogunlukla birlikte rastlanabilmesi,
ruhsat  basvurusunda arama faaliyetleri
agisindan mevzuatin dayattifn “tek madde”
icin  ¢ok Onemli dogal bir sakinca
olusturmakta ve oncelik ilkesinin korunmasi
bakimindan da onemli o6lgiide sakincalar
barindirmaktaydi. Oysa tek kiginin, dar bir
sahada tiim madenleri arayabilmesi, esitlik ve
kamusal yararnn saglanmasi yénlerinden daha
elverisli bir yontemdir.

Dolayistyla olusan sorunlardaki s6z konusu
gercege onem verilerek; saha genisligi, sayist,
tek maden i¢in mi yoksa maden yatagi
kavramm kapsamunda mu mevcut izinlerin
verileceginin  tespiti ve tiim bu hususlan
birlikte degerlendirebilecek tespitlerin, her
donemin bulundugu zamanin sartlarma gore
vapilmast zorunlidur. Bu dogrultuda 3273
savilt Maden Kanunu’ndaki dizenlemelerde
kismen de olsa gegmis diizenlemelerdeki
olumsuz tabloyu degistirebilecek | sekilde
bunun isarctlen goriilebilmektedir. Ozellikle
bu donemde, ge¢mis donemden farkh bir
sekilde bir tek sahsa bir saha igin yalmz bir
arama ruhsatt verilmekteydi (Bunun istisnasi,
hak saglanan alanlarin ayn alanlar seklinde
olusmasi durumunda bu alanlardan herbirine
basvuru sahibinin talebi ile ayn ayr da ruhsat
verilmesi olanagiydi). Ancak, yine

Tasocaklann ~ Nizamnamesi’nin  varligim
siirdiirmesi ve saha sirlarimn madenler 1¢in
siirsiz. - olarak  belirlenmesi; tim  bu
diizenlemelerin ~ olumlu  tarafina  godlge
digirmekte ve gegmis dénemde sorun
meydana getiren bir diizenlemenin
degistirilirken, tam tersine bagka bir
diizenlemeyi, saha spekiilasyonu ortaya
¢ikaracak sekilde degisiklige sokmasi 1le
tutarsizligl apagik ortaya koymaktaydi.

5177 sayih Kanun ise, bir sahada yiiriiyen
bir ruhsat varsa baska bir ruhsat
verilemeyecegi kuralm degistirmis ve aym
sahada birden fazla ruhsatin farkli grup
mineral i¢in olmasi sartiyla st iste
verilebilmesinin oniinii agnustir. Buna karsin
Kanun, aym grup ruhsatlarn birbiri iizerine
verilmesini yasaklamistir. Mesela 3213 sayili
Maden Kanunu doéneminde maden ismi
belirtilmeden ruhsat alinmaktayken 5995
sayili Kanun ile TV (b) Grubuna dahil edilen
ve sOz konusu Kanun'un 16. madde
diizenlemesi uyarmnca; denizlerde yapilan
Kokolit, Sapropel ve Hidrojen Siilfiir 1le ilgili
arama ruhsat miiracaatlarmm maden ismi
belirtilerek yapilmasi zorunlu tutulmusg, ayrica
bu madenlere iliskin ruhsatlar iist iiste
verilemez hikkmii konulmustur.

3.6 Madenlerin idari Faaliyetlerinin
Arama Donemine Etkisi

Hukuki emniyet saglanmadik¢a madenciden
buyikk vyatmim beklenemez. Madencinin
hukuki teminatimn baglica kaynagi Maden
Kanununda yatimmciya tammnan haklardir.
Gergek bir hukuki teminatin saglanmis olmasi
icin kanunun hazirlanmasinda gerekli biitiin
haklarn agik¢a yer almis olmasimun yamsira,
bu haklarin smurlarmn  ve  kapsamunin
etraflica ve ihtilaflara yer verilmesini en aza
indirecek tarzda tayin ve tesbit olunmasi;
kanunun  uygulamasinda  bu  haklarin
vatinmeilara sturatle ve kolaylikla verilmesi
sarttir.  Dolayistyla  ruhsat  giivencesi
acgisindan, mevzuatta ruhsatlarin feshinin ve
iptalinin zorlagtirilarak, yatirmmeilarin
madencilik faaliyetlerinden caydirilmamasi
amaclanmalidir.

Bu baglamda ruhsat vermede esitlik ortaya
konulmas1 admna idarenin sorumlulugu ve
takdir yetkisi ile bu yetkinin derecesi de 6nem
arz etmektedir. Nitekim Maden Kanunu
disinda  diger  birgok  Kanun  ve
Yonetmeliklerinde  madencilik  sektoriinii
ctkileyecek, hatta rubsat iptallerine sebebiyet
verebilecek uyusmazliklar mevcut
bulunmaktadir. Bu cercevede 5995 sayili
Kanun’un 7. maddesinde; CED islemlerinin
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Cevre ve Schircilik Bakanhigr tarafindan,
diger izinlere iligkin iglemlerin de ilgili
Bakanliklar ve diger kamu kurum ve
kuruluglarinca yiriitillmesi ¢ergevesinde tiim
bu izin islemlerinin CED siirecinde ii¢ ay
icinde bitirilmesi zorunlu tutulmustur. Her ne
kadar gegmis donemlerde  madencilik
sektoriine tarif edilemez =zararlar getiren
Kanunlarim ve Yoénetmeliklerin gatigsmasim,
uyusmazhigim engellemeye yonelik olarak
getirilen bu diizenlemeye ragmen, 30.06.2011
tarihinde ~ arama  faaliyetlerinin  CED
Yonetmeligi  kapsamumna  yeniden  dahil
edilmesi ile, aslinda isletmeye baslanmasm
ifade eden yukandaki diizenlemede CED
gercevesinde tiim izinler konusunda bir
kapsam ortaya konulmasi1 da dikkate
almdiginda, bu bashk kapsaminda arama
faaliyetlerinde izin konusunda 6zellikle CED
cercevesinde bir degerlendirme yapilabilir.

Bu konuda, madencilik sektoriine yatirim
yapacaklar dogrudan  etkileyen ve
vatrmmcmm  kazanct ile kamu  yararmn
saglanmas1 dengesinde degerlendirilebilecek
diger bir husus da madenlerin idari faaliyetleri
kapsaminda maden mevzuatinda ortaya konan
“madencilik  faaliyetlerine zorlayict  ve
Ozendirici uygulamalar’dir. Bakimz (Gtilan,
2008). Dogal olarak yatinmeci, madencilik
faaliyetlerinden en riskli olam olan arama
faalivetlerine baglamadan dnce, ileride isletme
faaliyeti yapabilecegini hesaba katarak ve bu
doénem icerisinde idarenin belirledigi vergileri
ve tesvikleri gbzoniine alarak arama faaliyeti
vatrmmlarina ~ baglamaktadir.  Madencilik
sektoriiniin yeni dénemde de en biiyiik sorunu
arama faaliyetleri oldugundan bu faaliyetlerin
tesvik edilmesi komusu olduk¢a onem arz
etmektedir. Tesvik ve 6zendirme konusunda;
ruhsatlarn siiratle alinabilmesi, bagvurularin
kolaylastirilmasi, yatirimeilarin cazip ortamlar
olusturularak madencilik  yatirimlarina
¢ekilmesi 6rnek niteliktedir.

Sonu¢ itibariyle bu unsurlar 6zellikle
maden  gruplart  ckseninde  belirlenen
miktarlart Olgiisiinde idarenin hem faaliyete
zorlayict hem de 6zendirici bir uygulamasi
olarak islev gorebilmektedir. Aslinda tesvik
unsuru devlet hakki ve diger vergilerle bir
biittin halinde incelenmelidir. Ancak ocak
bast satig degeri iizerinden alinmakta olan
devlet hakki paymn igletme doénemi
kapsaminda degerlendirilebilecegi gézoniine
almarak bu unsuru ve bu dogrultuda diger
vergilerden de Dbahsetmeyerck tespitler
vapmak tercih edilebilir. Bu noktada ayrica,
madencilik sektérii  acisindan  6zendirici
nitelikteki  tesvik  unsuru  kapsamunda
vergilerin diisiiriilmesinin de sayilabilecegi
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diisiiniilerck, eckonomik gostergelerle daha
ayrintili incelenmesi gereken bu konudan da
bahsetmeden, yalmzca sektérin durumunu
ortaya koymak adma, son donemde
madencilik  yatrimciarina tanman  tesvik
uygulamasina deginmekte fayda var.

3.6.1 Arama faaliyetlerinde izinler
konusunda CED kapsarmindaki degisim

Ulkemizde CED ile ilgili ilk diizenleme
07.02.1993 tarihinde yapilmstir. Bu tarihten
itibaren  igletme donemi i¢in CED
uygulamasimn baglamasi sonrasinda, CED
olumlu belgesine karsin diger izinlerin
verilemez oluslar, diger yandan verilen siire
icerisinde almmadiginda ruhsatlann iptal
edilmesi durumumun da varlifi neticesinde
vatmmmcdar  sektdérden  uzaklastirlmgtir
(Canga, 2005). Ardindan arama faaliyetleri de
23.06.1997 tarihi CED  Yonetmeligi
kapsamma almmustir. Ancak bu dénemde
Maden Kanunu’na gore arama ruhsat sahasi
stmrlarmin  stursiz olarak belirlenmesi  ve
arama faaliyetlerinde ruhsat sahibinin neyi
nasil arayacagl onceden belli olmaksizin bir

arama  faaliyetinin CED  kapsaminda
degerlendirilmesi bir anlam ifade
etmemekteydi.  Ayrica, arama yapilacak

alanin genms ve degisken olmasi nedeni ile
bazen genis alanlar, arama sonrasi degerli
bulunmayip terk edilebilmekteydi. Yine, CED
raporunda  1/1000°lik  jeolojik  haritalar
istenmesi ve zaten jeolojik haritalar
hazidandigit  zaman arama  faaliyetinin
sonuglanmasi  karsithgmin  bulunmasit  ve
ckonomik yénden madencilik yapacak ruhsat
sahibinin arama faaliyetlerine ayrdigi
ﬁaranm yaklagik 3-5 mislini CED raporu igin
arcamasl, bu diizenlemenin hangi boyutta
oldugunu gostermekteydi (YMGV, 1997).
Nitekim bu dénemde CED uygulamasinin
madencilik yatirinm yapacaklar i¢in yatirim
kararlarinda caydirici bir rol oynadif, toplam
ruhsat sayilarinda 1997 sonrasinda ortaya
gé:kan belirgin diisiisle gézlemlenebilmektedir
(Ciz. 1).

Aksine 06.06.2002°de ¢ikarilan CED
Yonetmeligi sonrasinda ise ruhsat sayilarinda
belirgin  derecede  artis  gorilmektedir.
Gergektende bu  Yonetmelik, madencilik
uygulamasinda birtakim kolayliklar getirmisti.
Anian  Yonetmelikte madencilikle ilgili
diizenlemelerde arama ve on isletme ruhsat
asamasinda da maden iiretimi yapilabilecegi
dikkate alinnusti. Arama faaliyetleri i¢in
valmzca 3000 metre ve daha iizeri sondaj
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cahismalant CED degerlendirmesi kapsamina
almnusti.

Ancak gegmiste yasanan olumsuzluklar
ortada olmasma karsin arama faaliyetlerinin,
son olarak 30.06.2011°de revize edilen CED
Yonetmeligine tekrar dahil edilmesi ile, bu
tarihten itibaren ruhsat sayilarinda, 1997-
2002 yillann arasma kiyasla daha yiiksek bir
disis vyasanmustir (Ciz. 1). Madencilik
sektoriini olduk¢a olumsuz etkilemis bulunan
bu degisim, scktére uygulanan g¢evre
mevzuatimn diger sektorlere ne derecede
uygulandigr sorusunu akillara getirmektedir.

Bu dogrultuda 23.06.1997 tarihli CED
Yonetmeliginin  ardindan  1998-2012  yillan
arasimda madencilik sektérii i¢in istenen CED
sayllarimn tim sektorlere  verilen CED
sayilarinda toplamda %25, “CED Gerekli
Degildir” sayilarinda ise toplamda %51 pay
aldigr goriilmektedir (Cevre ve Sehircilik
Bakanligl, 15.06.2012). Bu durumda gerck
GSMH’da aldig1 pay ile gerckse de yarattig
kirlilik agisindan madencilik  sektoriinden
asag kalir yam bulunmayan diger birgok
sektoriin, tersine bir durumda, biirokrasiyi
ifade eden s6z konusu CED ve CED Gerekli
Degildir  toplamlarinda ise  madencilik
sektoriinden oldukga diisiik seviyede bir pay
aldig dikkatlerden kagmamalidar.

15.06.2012 tarihine kadarki arama ruhsat
saylarm ve CED kapsanundaki gelismeleri
yorumladiktan sonra belirtmeliyizki, son
olarak, 16.06.2012 tarih ve 28325 sayili
Resmi Gazetede yayimlanan Bagbakanlik
Genelgesi ile MIGEM tiim ruhsat ve isletme
izinlerinin verilmesi islemlerini durdurmustur.
Genelgeden en ¢ok etkilenen sektdrlerden biri
olan madencilik sektériinde halihazirda
gatmm siirecinde biiyilk zorluklann agsmak ve

iiyiik riskler almak durumunda kalan yabanci
vatinmeiarm séz konusu Genelge nedeniyle
ruhsatlarim alamadiklarindan yatirimlarnim ya
durdurduklant ya da Tirkiye'den aynlmaya
bagladiklar tespit edilmigtir. Yerli
vatrimcdarm da, benzer olarak, ruhsatlarim
devretmeye calistiklan gozlenmigtir
(Yenisafak internet sitesi, 19.10.2012).

3.6.2 Madencilik faaliyetlerine zorlayict ve
ozendirici uygulamalar

Maden arama caligmalanm tesvik amactyla,
diinyamn birgok iilkesinde arama
donemindeki harcamalarin vergiden
dugiiriilerek risk faktoriiniin devlet tarafindan
garanti edildi%i, yine aym amagla birgok
iilkede isletilebilir rezerv bulunmasi halinde
devlet tarafindan parasal bagista bulunularak
aramacilarin dogrudan desteklendigi

uygulamalann  yillardir mevcut bulundugu
ortadayken, ilkemizde, ¢zellikle 6309 sayili
Maden Kanunu sonrasindan itibaren tesvigin
valmzca, igsletme doénemi igin amortisman
bakimindan hitkiimleri igeren vergilerden

diistiriilmesi noktasinda uygulandigl goze
carpmaktadir. Bakimz (Fmdligil, 1960).

3213  sayith  Maden Kanumu ile,
madenciligin ~ aranmasimi,  gelistirmesini
desteklemek, madencilere kredi vermek

amaglartyla Madencilik Fonu  kurulmugtur.
Ancak 4629 sayili Kanun ile s6z konusu fon
kaldinlmus ve devaminda da istenen amagta
basarih olunamamustir. Buna karsm 5177
sayih Kanun ile 3213 sayili Maden Kanumu 9.

maddesine, “Madencilik Jfaaliyetleri
Bakanlar  Kurulu  tarafindan — belirlenen
tesviklerden yararlandrilir” hitkmii

getirilmistir. Bu hiikiim yillarca gézardi edilse
de s6z komusu hiikiim dogrultusunda, bir
onceki bolimde bahsetmis  oldugumuz
Bagbakanlik genelgesinden bir giin &nce,
Bakanlar Kurulumun 15.06.2012 tarihli ve
3305 sayih “Yatinmlarda Devlet Yardumlari
Hakkinda Karar’inda madencilik sektérii 6zel
olarak ele alimmustir. Yeni tesvik sisteminde
Bakanlar Kurulu tarafindan belirlenen bazi
vatimm konulan 6ncelikli olarak belirlenmis
ve bu konularda yatinm yapan yatiruncilara
iilkenin neresinde veya hangi bolgesinde
olursa olsun 5. bélgede uygulanan tesvik ve
desteklerine sahip olacagr hiikiim alta
almustir.  Amlan hiikkme gore 1. Grup olarak
Ongorilen madenler ve diger gruplarda yer
alip mucir olarak kullanilan madenler tesvik
sistemi kapsamm diginda tutulmugtur. Ayrica
Istanbul ilinde gergeklestirilecek tiretim veya
isletme vatirimlarmin da tesvikten
ararlanamayacagy belirtilmigtir. Ancak s6z
onusu madencilik yatirimlarinin, 6. bolgede
yer almalart halindeyse daha avantajli olan 6.
bolge desteklerine tabi olacagi agiklanmustir.
Bununla beraber, tesvik kapsaminda KDV
Kanunu geregince, tesvik belgesine uygun
vatimmcilara  tesvik  belgesi  kapsanunda
vapilacak makine ve techizat ithal ve yerli
teslimleri KDV’den istisna edilebilecektir.
Yine, makine ve techizatlarmm ithalat1
esnasinda  Gumrik  Vergisi  Muafiyeti
tamnacaktir (Topaloglu, 2012).

Bu Kararda agiklanan diger tesvik unsurlar
ile ongorilen tim tesvik uygulamalarn
madencilik sektori i¢in olduk¢a gecikmis
tesvik  beklentilerine  olumlu  bir  yanit
olmustur. Ancak belirtmeliyiz Tiirkiye’de
maden sahasmna, ruhsatina dayanan bir
finansman modelinin halen ortaya

konulamanms  olmasi, bu surctle de
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6zendirmenin ve tesvigin yetersiz birakilmasi
madencilik  yatiimlarim  olumsuz  yonde
etkilemektedir. Bu  nedenle,  ozellikle
ilkemizde rezerv smuflama sistemine uygun
olarak madencilik faaliyetlerinin finansmamn
bir an evvel uygulamaya gegirilmeli ve
boylece maden aramacilarina gerck arama
doneminde gerckse de arama sonrasinda
bekledigi destek saglanmalidir.

4. SONUC

Her ne kadar 1961 Anayasast sonrasinda
yiiriirliige konulan 271 sayilh Kanun ile 6309
sayilh Maden Kanumu’'nda olumlu olarak
degisiklikler ortaya konsa da, Kanunun
mevcut  diizenlemelerindeki  tutarsizliklar,
saha spekiilasyonlan ile maden sahalarim atil
birakan ve sir ihtilaflart da dahil olmak
iizere birgok yoniyle ciddi yatmrimcilarn
vatrmmum  engelleyen, yatirimeilar arasinda
esitsizlik ortaya koyan bir tablo yaratmmstir.
Nitekim s6z konusu Kanun bu yoniiyle énceki
Kanun ve Nizamnamelere nazaran bir geriye
gidis yasatmustir. Ayrica ortaya konan
tesviklerin de yetersizligi ciddi vatiruncilarn
varligim ortadan kaldirmustir.

Devaminda 3213 sayih Maden Kanunu,
6309 sayili Maden Kanunu nedeniyle ortaya
¢ikan birgok sorunu engellemek yoneliminde
diizenlemeler ortaya koymasina ragmen, bir
onceki Kanunda olmamasma ragmen 6zellikle
maden ruhsat saha siurlarim smirsiz olarak
belirlemesi neticesinde devam eden saha
spekiillasyonu ~ sorumu  ile  bu  Kamun
donemindeki tim olumlu diizenlemelerin
sektorde etkisinin ~ yeterli derecede
hissedilememesine neden olmustur. Keza
Tasocaklart Nizamnamesi’nin ~ mevzuatta
varlig1 da olumsuz tabloyu belirginlestirmistir.

Ozellikle yapt taslammin hem Maden
Kanumui’na hem de Tagocaklar
Nizamnamesi’ne konu olmasi, bu
malzemelerin  dogasindan  ileri  gelen,
birbirlerinden kesin smrlarla ayrimlanmasi
zorlugu  nedeniyle  hukuksal  sorunlar
yaratmustir.

Son donemde 2004 yilinda 5177 sayilh
Kanun ile 3213 sayihi Maden Kanunu’nda
vapilan degisiklikle, maden ruhsat sahalarinin
atil kalmasim onlemek amaciyla 6nceki
kanunlarda en biyikk sorunu ortaya koyan
maddeler ya  degistirilmistir ya da
kaldinlnugtir. Ayrica Tagsocaklar
Nizamnamesi’nin kaldirlmasiyla tagocaklarn
kapsamindaki malzemelerin Maden Kanunu
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kapsamina almmasi1 sonucunda, kuruluslar
arasindaki yetki karmasasi giderilmis ve
uygulama birligi saglanmustir.  Bununla
birlikte s6z konusu donemde, maden
gruplarinda ruhsat alamyla orantili olarak
alman teminat ve har¢ uygulamasi, ge¢mis
donemlerdeki  esitsizligi  6nlemek — adina
olumlu bir etki yaratnugstr.

Ancak, en son olarak; 2010 yilinda 5995
sayilh Kanun degisiklikleri sonucunda, 5177
sayili Kanun ile yapilan olumlu diizenlemeleri
devam ettiren nitelikteki uygulamalara karsm,
ruhsat  iptallerinin  azalmayarak, aksine
artisiyla neticelenen bir tablo olugmustur.
Ozellikle arama faaliyetlerinin 2002 yilinda
CED’den sarth olarak muaf tutulmasi
sonrasinda arama ruhsat basvurularinda
olumlu yonde artis yasanmgsken, arama
faaliyetlerinin 1997 yilinda oldugu gibi,
tekrar, 2011 yilinda CED Yo&netmeligine dahil
edilmesi, 5995 sayih Kanun sonrasinda
madencilik sektoriine tarif edilemez zararlar

vermistir.

15.06.2012 tarihli Bakanlar Kurulu
karaniyla madencilik sektoriinii  kapsayan
tesvik uygulamasimun gelecekte son derece
olumlu etkisi olabilecegi belliyken, bir giin
sonrasinda, Bagbakanlik Genelgesivle tim
ruhsat  basvurularrm  durduran  Kararin
almmasi, devaminda, siiphesizki son dénemde
Maden Kanunu diizenlemelerinde gerek yerli
gerekse  yabanci  yatinmeilarin - sektore
taleplerini  olumsuz yo6nde ectkileyen ve
etkilemeye devam edecegi diisiiniilen bir
siireci ortaya koymaktadir.
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Henry Fayol who is a Mining Engineer in Administration Science

Umit CEPNI

Economics M.Sc., Mining Engineer, Turkish Coal Enterprises, Turkey

ABSTRACT The main purpose of this study is in fact to analyze administration education
for engineers. Basic question is how we can work more effective. So what We can do! Years
and years ago Fayol layed on emphasis of administration for engineers. In this study
examined the contribution of Fayol as an engincer to management sciences. It is pointed
engineering is required to be integrated with management education.

INTRODUCTION Henry Fayol who was
born in Istanbul in 1841 graduated high
School of Mines Secint-Etienne in 1890, He
started working as an engineer assistant in
Commentry Coal Firm, then he worked as
an operating engineer, chief engincer. He
has been appointed deputy director of
business, such as working in stages. Durin
his  working  Fayol  Fourchambault
Decazeville enterprises has grown. On an
ongoing basis in various coal businesses
combined with blast furnaces and at that
time became the largest metallurgical
Organization. Fayol died in Paris in 1925.

Throughout history, armies were seen the
most systematic organization and
management principles. It is known today
corporal, captain, major, ¢tc., dating back to
2500 years ago CENGIZHAN’s army ranks
have been known to management
structuring. Early 1800's introduction of the
stecam in the industry established a large
manufacturing plants. This situation, work
flow, design, production planning, market
resecarch, business  management-related

1 WHO iS HENRY FAYOL?
1.1 Biography

Fayol was born in 1841 in a suburb of
Istanbul, Ottoman Empire, where his father,

issues, such as profit and loss statistics, and
industrial organizations to come up into the
required professional management process.

Business managements from the past,
traditional management approaches has
become to the scientific management
approach with Frederick Taylor Winsloy and
Henry Fayol. It is important that he is a
mining Engineer. Engineering is already an
art that puts the common ideas of useful
products by using scientific  and
mathematical principles. Engineers have to
have narrow or broad managerial
responsibilities to decide since they first
started to work.

Metallurgical Institution founded by Fayol
that empowers during First World War in
France. At the same time he became famous
savior for poor institutions.

In this study examined the contribution of
Fayol as an engineer to management
sciences. It is pointed engineering is
required to be integrated with management
education

an engineer, was appointed superintendent
of works to build a bridge over the Golden
Horn (Galata Bridge). They returned to
France in 1847, where Fayol studied at the
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mining school "Ecolp Nationale Supérieure
des Mines" in Saint-Etienne.

When 19 years old he started as an engineer
at a mining company "Compagnic de
Commentry-Fourchambeau-Decazeville" in
Commentry. By 1900 the company was one
of the largest producers of iron and steel in
France and was regarded as a vital industry.
Fayol became managing director in 1888,
when the mine company employed over
1,000 people, and held that position over 30
years until 1918, He was little known
outside France until the late 1940s when
Constance Storrs published her translation of
Fayol's 1916  work  Administration
Industrielle et Generale.

1.2 Studies

Fayol has three studies about mining. That is
done first fifteen years in working life.
1-Decomposition of coal by air.

2- Earth slide by mine Works,

3- Investigation about existing of
Commentry coal basin and evolation of coal
basin,

4- His last book is published in 1916
Administration on Industrial and General
(Administration Industrielle et Générale).

1.3 Fayolism

Fayolism is one of the first comprehensive
statement of a general theory of

management, developed by the French
management theorist Henri Fayol (1841-
1925) one of the most influential
contributors to modern concepts of

management.

Fayol has proposed that there are five
primary functions of management planning,
organizing, commanding, coordinating, and
controlling. Controlling is described in the
sense that a manager must receive feedback
on a process in order to make necessary
adjustments.

1.3.1 Departments of Company

Management (Organization &
Administration) plays arguably ‘the most
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important part in the government of
undertakings: all undertakings, large or
small, industrial, commercial, political or
religious - this truism might seem like
common sense Fayol in order to expand this
view of ‘common sense defined management
into six functions:

1. TECHNICAL -
manufacture, adaptation;

2. COMMERCIAL - buying & selling -
exchange (banking, insurance,
warchousing, advertising);

3. FINANCIAL - search for an optimum
use of capital;

4. SECURITY -
personnel;

5. ACCOUNTING - stocktaking,
balance sheets, costs, statistics;

6. MANAGERIAL - planning,
organization, command, co-ordination
& control.

production,

of property &

These six groups of activities or essential
functions were always present in a
managerial post. Fayol argued that all
managers required capability in all six
functions the job (managerial position)
determined the level of each function where
100% covered the total job varying
percentages should be assigned to cach
function Fayol insisted.

Employees have different qualities;
physical, mental, moral, general & specialist
knowledge, experience. The possession of
these qualities differ in degree between one
employee and another - the implication is
that one employee may be more suited to a
post which 'emphasises' the need for one or
other of the six functions.

Administration is added to five classic
parts of administrative doctrine like
technical, commercial, sequrity, financial
and accounting,

Novadays marketing, human resources,

public relations departments are also
accepted between main functions of
organization structure.
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1.3.2 Primary Functions of Management

Henri Fayol was one of the most influential
contributors to modern concepts of
management, having proposed that there are
five primary functions of management:
Fayol's five functions are still relevant to
discussion today about management roles
and action. He has proposed that there are
five primary functions of management :

1. Planning: examine the future and
draw up plans of action

2. Organizing: build up the
structure, material and human, of
the undertaking;

3. Commanding: maintain activity
among the personnel;

4. Coordinating: bind together,
unify and harmonise activity and
effort;

5. Controlling: see that everything
occurs in conformity with policy
and practise.

1.3.3 Principles of Management

1. Division of Work

The full work of the organisation should be
divided among individuals and departments.
This is because a division of work leads to
specialisation, and specialisation increases

efficiency, and efficiency improves the
productivity and profitability of the
organisation.

2. Discipline

Discipline means a respect for the rules and
regulation of the organisation. Discipline
may be Self-discipline, or it may be
Enforced discipline. Self-discipline is the
best discipline. However, if there is no self-
discipline, then discipline should be
enforced through penalties, fines, etc. No
organisation can survive without discipline.

3. Authority and responsibility

According to Henri Fayol, there should be a
balance between Authority (Power) and
Responsibility (Duties). Authority must be
equal to Responsibility. If the authority is

more than responsibility then chances are
that a manager may misuse it. If
responsibility is more than authority then he
may feel frustrated.

4. Subordination of Individual Interest to
General Interest

In an organisation, there arc two types of
interest, viz., the individual interest of the
employees, and the general interest of the
organisation. The individual interest should
be given less importance, while the general
interest should be given most importance. If
not, the organisation will collapse.

5. Remuneration

Remuneration is the price for services
received. If an organisation wants efficient
employees and best performance, then it
should have a good remuneration policy.
This policy should give maximum
satisfaction to both employer and employees.
It should include both financial and non-
financial incentives.

6. Centralisation

In centralisation, the authority is
concentrated only in few hands. However, in
decentralisation, the authority is distributed
to all the levels of management. No
organisation can be completely centralised
or decentralised. If there is complete
centralisation, then the subordinates will
have no authority (power) to carry out their
responsibility (duties). Similarly, if there is
complete decentralisation, then the superior
will have no authority to control the
organisation. Therefore, there should be a

balance  between  centralisation  and
decentralisation.
7. Order

There should be an Order for Things and
People in the organisation. Order for things
is called Material Order. Order for people is
called Social Order. Material Order refers to
"a place for everything and everything in its
place." Social Order refers to the selection of
the "right man in the right place". There
must be orderly placement of the resources
such as Men and Women, Money, Materials,
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etc. Misplacement will lead to misuse and
disorder.

8. Equity

The managers should use the equity while
dealing with the employees. Equity is a
combination of kindness and justice. Equity
creates loyalty and devotion in the
employees.

9. Initiative

Management should encourage initiative.
That is, they should encourage the
employees to make their own plans and to
execute these plans. This is because an
initiative gives satisfaction to the employees
and brings success to the organisation.

10. Esprit De Corps

Esprit de Corps means "Team Spirit".
Therefore, the management should create
unity, co-operation and team-spirit among
the employees. They should avoid the divide
and rule policy.

11. Stability of Tenure

An employee needs time to learn his job and
to become efficient. Therefore, he should be
given time to become efficient. When he
becomes ecfficient, he should be made
permanent. In other words, the employees
should have job security.

12. Unity of Direction

All activities which have the same objective
must be directed by one manager, and he
must use one plan. This is called Unity of
Direction. For example, all marketing
activities such as advertising, sales
promotion, pricing policy, etc., must be
directed by only one manager. He must use
only one plan for all the marketing activities.

13. Scalar Chain

Scalar Chain is a line of authority. This line
joins all the members (managers and
receive orders from only one superior. In
other words, a subordinate must report to
only one superior. According to Fayol, if one
subordinate receives orders from more than
one superior then there will be disorder. This
will affect the discipline, efficiency,
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employees) from top to bottom. Every
member must know who is his superior. He
must also know who is his subordinate.
Scalar Chain is necessary for good

communication. Scalar Chain must not be
broken in norm circumstances. However, if
quick action is necessary, then this chain can
be broken. This is done using "Gang Plank" /
"Bridge" / "Direct Contact".Scalar Chain is
shown in diagram below with Gang plank as
dotted line FP.

The Scalar Chain is shown by a double
ladder A to G and A to Q. A is the head of
the organisation. B and L are the next level,
and so on. If quick action is necessary, then
a "Gang Plank" "FP" is made. Now F and P
can contact each other directly but they
should inform E and O about their decisions.

14. Unity of Command

According to this principle, a subordinate
(employee) must have only one superior
(boss or manager). A subordinate must

productivity
organisation.
Unity of Command is a very important
principle of management.

and profitability of the
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1.3.4 Features of Administrator

Employees have different qualities; physical,
mental, moral, general &  specialist
knowledge, experience. The possession of
these qualities differ in degree between one
employee and another - the implication is
that one employee may be more suited to a
post which 'emphasises' the need for one or
other of the six functions.

Personnel Abilities of the Tecmical Function

1. Health and vigour;
2. Cleverness;
3. Moral qualities;
4. General knowledge (culture);
5. Management capacity;
6. Notions about other functions
(activities);
7. The strongest skills in the function
managed.
Class of %% %% T
Employee Nlsnagerial Techmical Comamercial
Workman 5 83
Forzman 15 60 5
Superintendant 25 45 5
Head of Saction 30 30 5
Hasd of Dept 33 30 10
Manager AQ 15 3
Ganers| Wanager 50 10 0
2 ENGINEERING AND

ADMINISTRATION

2.1 Relationship between Engineering and
Administration

Engineers don’t live the atmosphere that
nobody doesn’t interfere or is provided
physical opportunities for works of
engineering or doesn’t have personal.
Engineers have to have administration
responsibilities on first day that they start to
work.

It shouldn’t be forgotten that engineer is also
a human. And works about administration
provide that person shines high salary and
high prestige make administration attractive
as against technical works.

2.2 Education of Administrator Engineer

There are two kinds of education system

%a % % Total
Finencial Security A coounting Evaluatio

3 3 100
10 10 100
10 3 100

3 10 20 00

3 10 10 100

10 10 10 100

10 10 10 100

2.2.1 Undergraduate Programmes

There are some engineering like
Industrial and Managements Engineering
that have basic engineering and
administration educations. These
disciplines are used to about
coordination and organization.

work

2.2.2 After the Engineering Education

Master and post graduate programmes
that established to integrate administration
knowledgements to engineers and are
graduated administrator engineers who
provide more effective corporation between
engineers and administrators.

2.2.3 Administration
Engineering Education

Science on

Engineers, who combine capabilities and
knowledge in mathematics and science with
analyze and design methods on engineering,
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have to consider human factor on

application.

It’s clearly that engineers who have this
administrative education are successful.
Engineers like industrial or management
who contact between disciplines just work
effectively at big companies. However small

organizations don’t have budget and
adaptation is difficult. And  also  after
education of engineering, administrative

education isn’t enough.

Administrative talent is necessity for an
engincer. So an engineer is graduated on
management education. If this education is
given on undergraduate programme,
engineers will have real administrator
features. Thus these young engineers will be
both an engincer an  administrator. And
also academicts in engineering programmes
approach to administrative programmes.

3 CONCLUSIONS

It’s given Henri FAYOL’s speech at Mining
and Metallurgy congress on 23™ June, 1900
in Paris below;

Gentlemen, when toasts were being drunk
yesterday, we had the pleasure of hearing
men who were truly representative of
science and of professional experience,
speak of the remarkable progress of our two
great industries and of the happy influence
which the friendly relations existing between
engineers all over the world have had on this
progress. M. HarzeA described these
relations by saying that they established a
sort of technical freemasonry between us.

I emphasize the word technical,
Gentlemen, because it is a fact that the
papers read at this Congress have been
almost exclusively technical in character; we
have heard no echo of our commercial,
financial and administrative duties. And yet,
the Congress has numbered among its
members men who are particularly
distinguished in these matters. It is
undoubtedly a matter for regret that no one

2000

has spoken, for example, about the
commercial combinations which, under the
names of agreements, agencies and trusts,
have become of such importance in the
industrial world during the last few years.

But I must turn now to the administrative
problems to which I want to draw your
attention, because it seems to me that the
mutual education, which we practice with
such useful results on the technical side of
our work, can be of equal service on the
administrative side.

The technical and commercial functions of
a business are clearly defined, but the same
cannot be said of the administrative function.
Not many people are familiar with its
constitution and powers; our senses cannot
follow its workings = we do not see it build
orforge, sell or buy + and yet we all know
that, if it does not work properly, the
undertaking is in danger of failure.

Administration, which calls for the
application of wide knowledge and many
personal qualities, is above all the art of
handling men, and in this art, as in many
others, it is practice that makes perfect. This
is one of the reasons why we should release
our future engineers for practical work as
early as possible; there are many drawbacks
to staying too long at school.

In my opinion, it is the industry concerned
which should have the chief say in the
question of the amount of theoretical
training required. It is the industry which
uses the products of the schools, and, like
every consumer, it has the right to make its
wishes known; it would be easy for it to do
so in France through the two organizations
which represent it, the ComiteA des Forges
and the ComiteA des HouilleAres.

Allow me, Gentlemen, in closing my
remarks, to remind you of the object of this
paper, namely, that engineers should, in
future, extend to the sphere of administration
the mutual education that they have



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

practiced so successfully in the technical
sphere.

Henri FAYOL’s speech at 1900s has been
protecting its validity.
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“5995 Sayili Kanun ile Degistirilen 3213 Sayili Maden
Kanunu’nun”, Diger Dogal Kaynaklar Kanunlarn ile
Karsilastirilmas1 ve Maden Aramaciliginin Boyutlari

Comparison of “The Mining Law No. 3213 Amended By The Law
No. 59957 to Laws Of Other Natural Resources and the Size of
Mineral Exploration

A.Ugur GONULALAN

Jeofizik Yiik. Miihendisi, Madencilik Miisavir Miihendisler Birligi (Madenbir) Dernegi
Yonetim Kurulu Uyesi, UG Enerji Damsmanlik Ltd. Sti, Ankara, Tiirkiye

OZET: Madenciligimiz iginde bulundugu zor sartlar nedeni ile beklenen gelismeyi
gosteremediginden, sektore olan ilginin azalmasi, yatinmlarin durma noktasina gelmesi,
madencilik mevzuatt disindaki mevzuatlar, ¢gevre konular, madencilige getirilen kisitlama ve
yvasaklamalar, agir ve ¢ok siire alan biirokratik islemler, maden mevzuatindan kaynaklanan
baz1 olumsuzluklar da neden gosterilerek, tiim madenlerin aym Kanun kapsamina alinmasi
gerekgesiyle once 3213 sayili Maden Kanununu degistiren 5177 sayilh Maden Kanunu

05.06.2004 tarihinde kabul edilerek, 6 yil uygulanmus, daha sonra “Maden Kanununda ve

Bazi Kanunlarda Degisiklik Yapilmasina Dair 5995 sayili Kanun” 10.06.2010 tarihinde kabul

edilmis ve 24.06.2010 tarihli Resmi Gazete’de yayimlanarak yiiriirliige girmistir.

Coziim, sadece kanunun c¢ikarlmasi degildir. Tiirkiye'de ithal ikamesi durumundaki
madenciligimizin 6zellikle komiir, petrol ve dogalgazda, disa bagimliligin azaltilmasi i¢in
arama ve iiretim yatirimlarinin bir an 6nce hizlandirilmasi gerekmektedir.

Bu bildiride;

¢ 5995 sayili Kanun ile Degisik 3213 sayili Maden Kanunu’nun ve Diger Dogal Kaynaklar
Kanunlarimin tarihsel gegmisleri,

+ Tirkiye’deki madenciligin hizlanacagi ve yatinmlarin arttirilacagi iddiasiyla cikarilan
3213 sayili Maden Kanununu degistiren 5177 ve 5995 sayili Maden Kanunlarinin teknik
ve felsefi agidan irdelenmesi,

¢ Maden Kanununda ve Bazi Kanunlarda Degisiklik Yapilmasina Dair 5995 sayili Kanun
ile 3213 sayil1 Maden Kanununu degistiren 5177 sayili Maden Kanunu, 6326 sayili Petrol
Kanunu, 5574 sayil1 Yeni Tiirk Petrol Kanun Tasarisi, 5686 sayili Jeotermal Kaynaklar ve
Dogal Mineralli Sular Kanunu ve uygulamalan karsilastinlmali olarak verilmeye
calisilmstar.

Anahtar Kelimeler: Maden, Petrol, Jeotermal, Jeofizik, Yasa, Rezerv

ABSTRACT: On the grounds that our mining could not show the expected development
beacause of the difficult conditions it was in, declining interest in the sector, investments
coming to a standstill, legislation other than that of minining, environmental issues,
limitiations and restrictions to mining, slow and long time taking red tape, some problems
arising from mining legislation, first the Mining Law No. 5177 which amended the Mining
Law No. 3213 was enacted 05.06.2004 and enforced for 6 years and then “the Law No. 5995
on Amending Mining Law and Some Laws” was enacted on 10.06.2010 and came into force
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upon its being published in the Official Gazette of 24.06.2010.

Passing the Law does not solve the problem. Exploration and production investments
should be accelerated as soon as possible to reduce foreign dependency especially in coal,
petroleum and natural gas of the mining in Turkey which has import substitution status.

In this paper it has been tried to give the historical background of the Mining Law No.
3213 amended by the Law No. 5995, the argument that the mining in Turkey would

accelerate and investments would increase,

technical and philosophical comparison of the

Mining Laws No. 5177, 5995 amending the Mining Law No. 3213, the Petroleum Law No.
6326, the new draft Turkish Petroleum Law No. 5574 and the Law No. 5686 on Geothermal
Resources and Natural Mineral Waters in terms of practice.

Keywords: Mine, Petroleum, Geothermal, Geophysics, Law, Reserve

1 GIiRiS

1.1 Ulkemiz
Durumu

MTA Genel Miidiirligii verilerine gore
iilkemizde maden potansiyeli 2.9 trilyon
Dolar civarindadir. Madencilik uzmanlarimin
tamamunin hemfikir oldugu ise: Tiirkiye, 4
trilyon dolarhk maden potansiyelinden
yeterince faydalanamiyor. Maden
gelirlerinin 2011 yilinda Gayri Safi Yurtici
Hasila'va (GSYH) oram yiizde 1.5. Bu rakam
hi¢ kuskusuz, trilyon dolarlarla ifade edilen
bir potansiyel i¢in olduk¢a diisiik. Bu oran
gelismis  ilkelerde yizde 4, Diinya
ortalamasinda ise yiizde 2°dir. Bu iki veriye
(2.9-4) gore maden potansiyeli biiyiik, ancak
sektoriin 6niindeki engeller nedent ile iiretim
kapasitesi diigtiktiir [3].

Ulkemizdeki zengin maden potansiyeli
sadece bagarili bir maden sanayinin
gelistirilmesi igin tek basina yeterli degildir.
Uygun ve istikrarli politik ¢ergevesi ile
giivenilir ve kolay isleyen mali ve hukuki

Madenciliginin  Genel

rejimin ~ uygulamaya  konulmasi  da
gerekmektedir.
2 ULKEMIZDEKI MADEN

ARAMACILIGININ BOYUTLARI

2.1 Ruhsat Dagilimn ile Ilgili Istatistikler
30.09.2012 tarihi itibariyle Tiirkiye Geneli
Ruhsat Dagilimi’na goére 14.603 arama,
13.246 igletme olmak iizere toplam
27.849°dur [13]. Maden gruplarina gore ise;
ruhsat dal%lhmlannda IV. Grup Maden
Arama Ruhsati sayis1 14.571 rakamu ile ilk
strayt almaktadir.

2004

30.09.2012 tarihi itibariyle 1999 — 2012
Arasinda Yapilan Ruhsat Miiracaati ve
Diizenlenen Arama Ruhsat Sayilarina gore
en fazla ruhsat miiracaati 18.208 ile 2006
vilinda olmustur.

2.2 Maden ve Endiistriyel Hammaddeler
Icin 1955-2011 Yillari Arasinda Yapilan
Jeofizik Aktiviteler ve Yatirnmlar

Yatirim tutarlarimn ne kadar oldugu Tablo
1’de gosterilmektedir.

2.3 Tiirkiye’nin Maden Rezervleri

MTA Genel Miidiirligii verilerine gore
iilkemizde maden potansiyeli 2.9 trilyon
Dolar civarindadir. Madencilik uzmanlarimin
tamamumn hemfikir oldugu ise: Tiirkiye, 4
trilyon dolarlik maden potansiyelinden s6z
edilmektedir.

MTA Genel Midiirligi’nin 01.02.2010
tarihi itibariyle Tiirkiye Maden Rezervleri
potansiyeli incelendiginde [2]; Bor’dan
Yapitasina 1,795 Trlyon Dolar Maden
rezervi igin yaklasitk 0,5 Milyar Dolar
jeofizik vyatinm tutarima goére katkilan
yadsinamaz ve bu rezervler igin jeofizik
mithendislerinin de bilgi ve emekler1 vardir

[6].

3 TURKIYE’NIN DOGAL
KAYNAKLARI ILE ILGILI
MEVZUATLARI

1.Maden Kanunu (Tasocaklar

Nizamnamesi dahil),

2.Petrol Kanumu,

3.Jeotermal Kaynaklar ve Mineralli Sular
Kanunu kapsaminda yer alan diizenlemelerle
ylritilmektedir.
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Tablo 1. 1955-2011 yillan arasinda maden ve endiistriyel hammaddeler igin yapilan jeofizik

aktiviteler ve yatirimlar [2], [6]

AKTIVITELER | JEOELEKTRIK | MANYETIK | GRAVIMETRIK | REZISTIVITE CSAMT | sisMmik sp KUYU
ETUT ETOT ETOT NOKTA NOKTA | SERIM NOKTA OLCUSU
NOKTA Nokta Nokta 54,609 3.679 | 16,432 62.563 METRE
254,663 192.290 232.219 1.117.178
Yatirimlar 254.663.000 | 5.768.700 6.966.570 54.609.000 | 36.790.000 | 81.760.000 | 31.281.500 | 33.515.340
$)
Toplam 505.754.110
Yatirim ($)
Mevzuatindan kaynaklanan baz1

3.1 Maden Kanunlarmn (Tasocaklari
Nizamnamesi dihil) Tarihsel Incelemesi:
1858 tarihli Arazi Kanunu'na kadar,
Osmanlt Imparatorlugunda madenlerle ilgili
ozel diizenleme yoktur. Osmanl1
Imparatorlugunun madenciligi diizenleyen,
1862 tarihinde Fransiz Maden Kanunu’'ndan
alman Maadin Nizamnamesi yirirlige
girmistir. Bu diizenleme 1887 ve 1906 tarihli
Maadin Nizamnameleriyle degistirilmistir.
Daha sonra, 23 Mart 1922 tarihli
Madenlerin  Aranmas1  ve Isletilmesi
Hakkinda Kanun yiiriirliige girmistir.

Cumhuriyet doneminde de 6309 sayili
Maden Kanunu 11 Mart 1954 tarihinde
yuriirlige girmistir. 6309 sayili Maden
Kanunu ile madencilik; hem 6zel tesebbiis,
hem de yabanci sermaye igin cazip hale
getirilmek istenmistir.

6309 sayilh Maden Kanunu, madencilik
sektoriiniin  ihtiyaclarin1 yeterince yerine
getirememesi  gerckgesi  ile  yiirtirlikten
kaldinlarak, 1982 Anayasasina bagl olarak
uygulanan 3213 sayili Maden Kanunu 1985
yilinda uygulamaya konmustur. 3213 sayili
Maden Kanununun bazi maddeleri daha
sonra 25.06.1985 tarihli 3382 sayili Kanunla
degistirilmistir.

*Madenciligimiz i¢inde bulundugu zor
sartlar nedeni ile beklenen gelismeyi
gosteremediginden, sektére olan ilginin
azalmasi, yatinmlarin durma noktasina
gelmesi, madencilik mevzuatt  disindaki
mevzuatlar, ¢evre konulari, madencilige
getirilen kisitlama ve yasaklamalar, agir ve
¢ok siire alan biirokratik islemler maden

olumsuzluklar da ” neden gosterilerek, 3213
sayii Maden Kanununu degistiren 5177
sayili Maden Kanunu, 05.06.2004 tarihinde
kabul edilerek yiiriirliige girmistir.

Maden Yasast'min bir kismu Anayasa
Mahkemesi’nin iptal ettigi maddeleri ikame
etmeye, bir kismu da uygulamada karsilasilan
kimi sorunlant gidermeye yonelik olarak,
TBMM’de 10.06.2010 giinii kabul edilen
5995 sayii Maden Kanunu'nda ve Baz
Kanunlarda Degisiklik Yapilmasina Dair
Kanun; 24.06.2010 giinlii Resmi Gazete’de
yayimlanarak yirirlige girdi.

3.2 Maden
Degisiklikler
Maden Kanununun 2, 3, 7, 9, 10, 12, 13, 14,
17, 24, 30, 31, 32 maddelerindeki
degisikliklere ilave olarak MTA Genel
Mudirligii, Maden Isleri Genel Midiirliigii
Teskilat vapist ve cleman alim ile ilgili
olarak Gegici Maddeler ve Ek Maddeler
olarak degisiklikler yapilmustir. [11]

Kanununda Yapilan

3.3 Degisen Maden Kanunu’nun Ana
Baghklan
Anayasa Mahkemesinin iptal karar uyarinca
ﬁiyﬁllan degisikliklerde, Yonetmelikteki ilgili
ikiimler — kimi rotuglarla ~ Yasa'va
cklenmistir. Iptal karan ile ilgili olmayan
degisiklikler de dahil 14 ana bashkta
toplanmugstir. [4]
3.4 Petrol Kanunlarinmm  Tarihsel
Incelemesi:
Cumhuriyet doneminde sektérle ilgili ilk
vasal diizenleme; 1926 yilinda ¢ikarilan ve
iilke simirlan iginde biitiin petrol arama ve
isletme haklarini hiikkiimete veren 792 sayili
kanundur. Daha sonra 1935 yilinda ¢ikarilan
2804 say1li kanunla petrol konusunda Maden

Tetkik ve Arama Enstitisi (MTA)
gorevlendirilmis, 1954 yilinda ise bazn
degisiklerle guntimiizde de yiirirlikte

bulunan 6326 sayili Petrol Kanunu kabul
edilmistir. Mr.Ball tarafindan hazirlanan
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6326 sayili Petrol Kanunmu 1954 yilinda
yuriirlige girmis olup, 792 sayili eski Petrol
Kanunu yirirlikten kalkomstir [1].

6326 sayili Petrol Kanunu 1954 yilinda

¢gikarilmmg  olup, 6 defa  degisiklige
ugranustir.
Petrol faaliyetleri, yatinmlarin biiyik

olmasinmin yan sira risk faktdriiniin de biiyiik
olmasi nedeniyle tiim diinyada 6zel yasalarla
diizenlenmektedir.

Tiirkiye Cumhuriyeti’nin ilamndan bu
vana 1926 yilinda kabul edilip; 1954 yilinda
6326 say1l1 Kanunla iptal edilen 792 sayili 1.
Kanun 1954 yilinda kabul edilen ve yapilan
alt1 degisiklige ragmen iptal edilmeyen 6326
sayill 2.Kanun ve bu Kanunu iptal edecek
olan, 5574 sayili TBMM’de kabul edilen
Kanun 3. Kanunumuz olacaktir.

5574 sayili Petrol Kanunu TBMM’de
kabul edilmis, sivil toplum ve demokratik
meslek orgiitleri ile muhalefet partilerinin
girisimi  ile  10°ncu  Cumhurbaskam
tarafindan 4 maddesi veto edilmis ve tekrar
Meclise gonderilmistir [5], [9].

3.5 Jeotermal Kaynaklar  ve Mineralli
Sular Kanununun Tarihsel Incelemesi:

1. 1926 yilinda ¢ikarilan 927 sayil1 Sicak
ve Soguk Maden Sulart Istisman ile
Kaplicalar Tesisatt Hakkindaki Kanun
jeotermal sularmnin vergi ve kazang

hisselerini il  6zel  idarelerine
birakmustir.

2. 05 HAZIRAN 2004, 5177 sayil
maden  kanununun  yasalasmast
nedeniyle, ETKB, 15.07.2004

Tarithinde yonetmelik hazirlanustir.
5177 sayili Kanun ile degisik 3213
sayilli Maden Kanunun gegici 4 tncii
maddesinin  uygulanmasina  iligkin
usul ve esaslar bir yonetmelikle
diizenlenmistir.

3. Cesitli Tasarlar Alt Komisyonda
birlestirilmig, 03.06.2007 tarihinde
Jeotermal Kaynaklar ve Mineralli
Sular Kanmunmu  kabul  edilerck
yurirlige girmistir [5].

4 “5995 SAYILI KANUN iLE DEGiSEN

MADEN KANUNU’NUN”, DIGER
DOGAL KAYNAKLAR KANUNLARI
ILE KARSILASTIRILMASI

“5995 Sayih Kanun Ile Degisen Maden
Kanunu’nun”, 6326 sayili Petrol Kanunu,
5574 sayili Tirk Petrol Kanunu, 5177 Sayili
Kanunla Degisik 3213 Sayili Maden Kanunu
ve 5686 Sayili Jeotermal Kaynaklar ve
Dogal Mineralli Sular Kanunu ile;

2006

“TANIMLAR, FAALIYET _SAHALARI,
SAHALARIN BUYUKLUGU, RUHSAT
BASVURULARI,  ARAMA  RUHSAT
SURELERI VE UZATIMLARI, DEVLET
HAKKI-HISSESI-IDARE PAYI, ISLETME
RUHSAT SURESI, MUCBIR SEBEPLER,
TESVIKLER” Ana bagliklarinda
karsilagtirmali olarak incelenmistir.

5 SONUCLAR

3213 sayih Maden Yasasim degistirme
calismalarina  ¢esitli  kesimlerin  bazi
goriisleri yanstyabilmigtir. Bu nedenle kimi
konularda iyilesme saglandif diisiiniilebilir,
uygulamada karsilagilan sorunlarin azalmasi
beklenebilir. Ancak bu durum, madenlerin
isletilmesinde toplum yararimn
gozetilmesine  yonelik  6nemli  adimlar
atildigi, madencilifimizin  sorunlarimin
goziilecegi anlamina gelmemektedir.

Arama ruhsati talebinde  bulunacak
kisilerden 6n inceleme raporu ile maden
arama projesi istenmesi, bu kisilerde
projedeki faaliyetlerini finanse edebilecegine
dair mali yeterlilik aranacak olmasi, arama
déneminin asamalara ayrilmast ve arama
doneminde hazirlanacak proje, rapor vb
belgeler ile bu belgeleri hazirlayacak
mithendislerde nitelik goézetilecek olmasi,
madenciligimizde 6nemli bir donemeg
niteligindedir. Bu degisikliklerin nasil sonug
verecegi, Yonetmelikte vapilacak
diizenlemelere ve  uygulamaya bagh
olacaktir. Ancak bu asamada 7 baslikta akla
takilan sorular da yok degildir.

Yiirirlige girdigi 1985 yilindan bu yana
besinci kez degistirilen ve ilk iiriirlik
tarihinden bugiine kadar gegen siire dikkate
alindiginda, cok biiyiik olasilikla en cok ve
en kapsamli degisiklize ugrayan maden
vasast olma unvanim eclinde bulunduran
Maden Yasamizdaki bir sonraki degisiklik
ne zaman yapilacak? [4]

Disa bagimliligin azaltilmast i¢in arama
vatinmlarinin ~ yapilmasi  gerckmektedir.
Madencilikte 6zellikle komiirle ilgili olarak
Tiirkiye'de yeterince arama yapilmadigy, zira
komiirde kullamilacak cok yeni teknikleri
maalesef uygulayamadigimiz
diisiincesindeyiz.
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Enerji ve madencilikte disa bagimlilig:
azaltma ¢aligmalarindaki gayretler ve sektore
verilen destekler yeterli degildir.

En iyi yasa metni bile kétii uygulandiginda
biiyiik olumsuzluklara yol agabilmektedir.

Madencilikte rezerv miktarlart sadece
gozlemsel etiit ve ¢ok az sayida agilan
sondajlarla  tespit  edilmigtir.  Rezerv
giivenirliligi ile 1ilgili c¢alismalar yeni
baslamstir.

Kamu ¢ikarlan agisindan sektérdeki farkl
sivil toplum o&rgiitleri, 6zel ve kamu sektorii,
sendikalar, sahis ve sirketler her tirli
menfaati g6z ardi ederek gerekirse kaybetme
olasiligim g6z oOniine alarak ortak paydada
birlesmek zorundadir.

Ulkemizde madencilik sektorii 6zel, kamu
ayriminin ¢ok net yagsandigi gegmis donemde
birinin digerine zarar vererek gelistigi
dolayist ile kargithiklar manzumesi haline
doénen ve birbirini yasamsal rakip goéren ve
aym zamanda da ortak menfaatler i¢in bir
arada davranmasi gercken kutuplar olusan
bir yapiya sahip olmasi nedeni ile olmasi
gereken mutlak Dbirlikteligin - kurulmasim
zorlagtirmaktadir.

Ulkemiz dogal kaynaklar agisindan
Onemsenir bir potansiyel tasiyor olsa da;
iilke ekonomisinde madenciligin énemli bir
yeri oldugu  maalesef  soylenemez.
Madencilik ve madene dayali sanayi birlikte
distnildiginde olusan katma degerin
GSMH  icindeki payr yizde 12°yi
bulmaktadir. Bu 22 milyar dolarlik bir deger
yvaratildigt  anlammna  gelmektedir. Bu
baglamda iilkemiz agisindan madencilik
sektoriiniin kiiciilmesi ya da yok olmasi bir
binanin tasiyict kolonlarimin kesilmesi kadar
hayati 6nem tasimaktadir. [8]

Madencilik sektérii %90 yerli girdi
kullamilarak 35 milyar dolar ihracat
yapilmasim  saglayan, kirsal kesimde

istihdam yaratan, i¢ gocli onleyen temel
sektordiir.

Diinyanin ve iilkemizin i¢inde bulundugu
kosullar dikkate alindiginda, madencilik
sektoriiniin  acil, orta ve uzun erimli
Onlemleri gerektiren, yasal ve yonetsel
diizenlemelerden kaynaklanan, etkin ¢6ziim
bekleyen sorunlar bulunmaktadir. [8]

Yasamn bu haliyle viiriirliige girmesi, bilgi
paylagtmum olamayacagi, yetki karmagasinin
meydana gelmesi kacimilmazdir.

6 ONERILER

Enerji ve madencilikte disa bagimhligi
azaltma ¢alismalarindaki gayretler ve sektére
verilen destekler yeterli degildir. Diinya
ortalamasina  bakarak bile Tiirkiye'nin
madencilik gelirinin artirmas1 gerektigini,
bunun igin  Oncelikli  olarak arama
faaliyetlerine hiz verilerek, iilkemizin sahip
oldugu tiim rezervlerin ortaya ¢ikarilmasim
ve gerekli yatirimlarin yapilmas: i¢in kamu
ve ¢zel sektorii tesvik edecek bir yapilanma
icinde olunmasi gerekliligini
vurgulayabiliriz.

@ Potansiyellerin tespiti rezerv
giivenirligi acgisindan gercekci  ve
kabul edilebilirligi onaylanabilecek
olarak tespit edilmelidir. Arama
faaliyetlerinin arttinnlmas1 ile daha
fazla  diretim  yapilabilmesi  ve
potansiyelimizin  miimkiin  oldugu
kadar degerlendirilmesi i¢in, kamu ve
verli 6zel sektéor gerek ayn ayn
gerekse de birlikte, ulusal ¢ikarlar igin
kisir ¢ekismeler yerine isbirligi iginde
arama scferberligi icine girmelidir.
Boylece kapali kapilar ardinda
birbirini yok saymak yerine ulusal
¢ikarlar adma esit ve seffaf bir
platformda her iki sektér de birlesik
bir cephe olusturacaktir. Bunun
zeminini saglamak ise oOncelikle bir
devlet stratejisi olmalidir.

@ Disa bagimlihigin azaltilmasi, ancak
verli dretimin tiketimi karsilama
orammmn arttirilmastyla  miimkiindiir.
Bu baglamda sektoriin  biinyesine
uygun arama yatirimlan i¢in kamu ve
6zel yerli ve yabanci sermayeyi
Ozendirici tesvikler getirilmeli, ruhsat
tekellesmesi engellenmeli, kamu ve
6zel kuruluslar acik, seffaf ve rekabet
edebilir bir model i¢erisinde olmalidir.

@ Ayrica Devlet adma Sekt6riin (arama-
isletme) denetleme modeli;
uygulanabilir ve esitlikci anlayista;
bagimsiz biitgesi, yeterli insan kaynagi
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ve yeni teknoloji takibini saglayici

olmalidir.

€ Yasayla ilgili uygulama
yonetmeliklerinin, kamu yarari
oncelikli tutularak madencilik

sektoriinden iilkeye beklenilen en
yiksek vyaran eclde etmek iizere,

konuyla  ilgili  tim  taraflarn
katilimiyla hazirlanmasi uygun
olacaktir. [10]

SON SOZ:

Tiirkiye’de dogal kaynaklar konusunda

soylenebilecek tek s6z yeterince arama
vapilamadigidir.

TESEKKUR

Kaynaklarda  belirilen, desteklerini,
bilgilerini paylasan tiim meslektaslarima,
MTA ve MIGEM Genel Miidiirliigiine,
Madencilik Miisavir Miihendisler Birligi

(Madenbir)  Dernegine ve  Kongre
Kurullarina ve Maden Miih. Odasina
tesekkiirii bir borg bilirim.
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Bismuth Minerals in the Molybdenum Showings from Salto di
Quirra District, SE Sardinia, Italy

S. Fadda, M. Fiori
Istituto di Geologia Ambientale e Geoingegneria, IGAG, Consiglio Nazionale Ricerche
(C.N.R.), Cagliari, Italy

ABSTRACT The mineralizations related to the Hercynian magmatism of Sardinia are
represented by interesting ore-associations. Molybdenum is scattered in several part of the
island and many Mo prospects are known in the Ogliastra region, SE Sardinia where the
molybdenite-wolframite vein of Perda Majori displays mineralogical peculiarities of extreme
rareness. A member of the lillianite-gustavite series has been detected and the samples
compared with data collected from the literature. In the system PbS-Ag,S-Bi,S; most of our
samples spread between the line lillianite-gustavite and the lillianite—pavonite join. The
possible occurrence of solid solutions having compositions along both these joins is
suggested in literature but there is a miscibility gap in the series at temperatures above 500°C.
High-temperature natural phases belonging to the lillianite-like structures situated in the
compositional gaps should commonly exhibit exsolution phenomena. The exsolved textures
of Pb-Ag-Bi sulphosalts from Perda Majori let the mineralization under study be referred to
pneumatholitic - hydrothermal stages of deposition.

1 INTRODUCTION

The Sardinian Mo mineralizations in the
Hercynian calc-alkaline rocks have no
economic value, the bulk of the metal being
distributed through large rock volumes, but
apart from the size or grade, their study may
be useful to understand their genesis and for
prospecting. The mineralizations occur
mainly as molybdenite bearing quartz veins,
stockworks, fracture fillings, and
disseminations. High silica plutonites
emplaced at shallow depth in the crust are
the commonest host to which the
mineralizations are genetically linked. Ores
are in fact usually centered on stocks of
leucogranite-porphyry ~ or  fine-grained
varieties of leucogranites, except for
showings from Ogliastra that are related to
granodiorites and minor tonalites generally

trending NW-SE. All these igneous rocks
belong to the Sardo-Corsica batholith of
Hercynian age. The leucogranites were
emplaced during the last stage of the
magmatic cycle, while the granodiorites
represent products of earlier stages. Mo
showings would be connected with the
hydrothermal circulation linked to the
leucogranitic magmas but the bulk of the
metal could not derive from leaching of the
intruded metamorfic rocks. The late
magmatic fluids merging into the meteoric
water likely introduced molybdenum in the
hydrothermal system that scarcely penetrates
into the metamorphic cover preferentially
affecting the igneous rocks. However, as
these mineralizations occur at the contact
between the Hercynian plutonites and the
pre-Hercynian metasediments an
involvement of both rock suites may be
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reasonably inferred. Cu and Zn also may
have been inherited from the pre-Hercynian
rocks where there are important occurrences
of Cu-Zn-Pb ores of volcano-sedimentary
origin. Mo on the contrary seems to be
characteristics of the Hercynian magmas as
no mineralizations of this element are known
in the pre-Hercynian terranes. A major
propylitic halo, typical of many Mo deposits
throughout the world, is absent. This
alteration type is more developed in the
Ogliastra showings in agreement with the
more mafic character of the wallrocks which
likely provided most of Cu and Zn (Fiori et
al., 1986). Potassic assemblages are not
frequently observed being restricted to some
veins. Three different districts, Sulcis-
Iglesiente, Ogliastra and Oschiri-Monti (Fig.
1), illustrate the main features of the various
alteration-mineralization styles of these Mo-
showings (Guasparri et al., 1984). In the
mineralized areas of SW  Sardinia
molybdenite is mostly contained in quartz
veins near the hydrothermally altered
porphyries. MoS, is accompanied by
abundant and widespread pyrite, base metal
sulfides and wolframite are also present. In
the mineralized sectors of NE Sardinia MoS,
with  pyrite, minor wolframite and
chalcopyrite are disseminated in highly
altered intrusive rocks. Perda Majori vein is
the most relevant and by far the best known
among the molybdenite bearing quartz-vein
of the Salto di Quirra-Ogliastra district in the
central part of the eastern coast of SE
Sardinia (Fig. 1). As regard ore and gangue
paragenesis, this mineralization exhibits
quite unusual features in Sardinia. Minor
quantities of native bismuth and bismuthinite
are usually intergrown with molybdenite but
can also be found dispersed in the quartz
gangue where topaz and fluorite are common
accessories. A distinctive feature is the
widespread development in the form of
exolutions of a sulphosalt mineral of
composition close to PbAgBi;Ss very similar
to gustavite, a mineral structurally related to
lillianite. Sulphosalt minerals which have
compositions lying within the Ag-Bi-Pb-S
system are among the more common in ores.
The study of phase relations in this system
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can provide knowledge for understanding
temperature conditions under which ore
formation occurs.

2 GEOLOGY AND MINERALIZATION

In central Sardinia the granitoid rocks form
large stocks where the mineralizations occur
as disseminations and/or vein systems, often
along the contact with the paleozoic met
sediments. The oldest rocks consist of more
than 500m of conglomerates,
metasandstones, metaquartzites and
metasiltstones of Middle-Upper Cambrian
age. The  Ordovician  consists  of
metasandstones, metaconglomerates and
shales with intercalations of metarhyolites
and metandesites. The Silurian contains
rocks ranging from black quartzites to
graptolite-bearing carbonaceous shales with
lenses of Orthoceras limestone. During the
Hercynian orogeny the Paleozoic basement
was affected by polyphase folding and
synkinematic ~ regional metamorphism
(Carmignani et al., 1986). This orogenic
event took place approximately 350 to 290
Ma ago. The rocks range in composition
from tonalites to leucogranites emplaced at
the end of the orogeny. The deformation
produced fracture systems, which acted as
guides for the emplacement of various dikes,
a few of them rich in Mo-W mineralizations.
The Salto di Quirra granite stock consists
principally of monzogranite emplaced in
Silurian slates, sandstones and meta-
volcanics; the more common rocks are
represented by tonalites composed of
plagioclase sometimes altered, of biotite,
epidote and green hornblende, granodiorites
are made up of plagioclase quartz and biotite
sometimes transformed to chlorite. Zircon,
rutile, apatite, garnet, fluorite and magnetite
are the accessory minerals (Garbarino et al.,
1980; Fiori et al., 1991). Some stock-like
bodies of coarse grained leucogranites occur
within a short distance of the Mo-W
mineralized dyke intruding the metamorphic
sequence. Skarns and hornfels developed
along many of the contacts while several
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Figure 1. Geologic sketch map of the Salto di Quirra-Ogliastra district.

rhyolite dikes, sometimes of considerable
size, cut the “granitoid “ stocks of calc-
alkaline suite. The dykes are characterized
by a porphyric texture with quartz and
feldspar phenocrists.

The mineralizations consist of small
orebodies scattered over the area, according
to the main tectonic trend, the alteration is
mainly of propylitic type. On a regional
scale they may be considered as «porphyry
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type» according to the geodynamic
environment, the ore association (Cu-Mo)
and the geochemical trends of the granitoid
host rocks with mineralized skarns. On a
local scale the absence of the typical “core”
of prevalent molybdenite with typical k-
alteration and zoning and the very low
contents of Cu and Mo seem to give rise to a
sort of «aborted» porphyry deposits with
small bodies of Fe-Cu-Mo-Zn scattered
throughout the Hercynian plutonites as a
result of deposition from hydrothermal fluids
along a network of fractures (Garbarino et
al., 1980). Genetically the mineralization
seems to have formed at different times and
successive mineralization phases alternating
with tectonic movements. The formation of
the host fracture of the mineralization seems
attributable to compression movements
connected to the emplacement of the
Hercynian eruptive mass of Monte Perdosu
(Fig.1). These compressive movements have
determined the uprising of the block of
terrains  underlying the metalliferous
orebody. When the compressive forces came
to an end, the whole area collapsed forming
distension fractures that enlarged the
original fracture. Quartz and feldspar, and
later, in successive phases and times, all the
other minerals could thus be deposited. As
the fracture increased the empty spaces were
filled by new minerals both gangue and
metallic. The presence of breccias and their
re-cementation especially by the metallic
minerals confirm these genetic hypotheses.
The Perda Majori vein varies in width from
few centimetres to more than one metre and
was traced for almost 700 m along the strike
in proximity to the south western flank of the
Monte Perdosu leucogranitic stock. The vein
displays a symmetrical texture with
molybdenite (Mo values range is 0.3-0.5%)
and wolframite (W range is 0.4-0.6%),
mostly coarsely crystalline, arranged near
the selvages (Tab. 1). Quartz and orthoclase
form the bulk of the gangue while topaz, of
extreme rareness in the other Mo-
mineralizations of the island, and fluorite are
common accessories. Late sericite appears
ubiquitously and mainly as flecks on
orthoclase, but sericite also fills fractures
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throughout the quartz. Wall-rocks appear
chloritized to different extents and
penetrated by  quartz-orthoclase-fluorite
veinlets or permeated by the same new
formed minerals. As regards the polytypism
of molybdenite, the 2H; (hexagonal)
modification was found to be the most
prevalent in Sardinia (Bralia et al., 1983a)
but pure rhombohedral (3R) molybdenite

and 3R + 2H; mixtures are present in
samples from the Perda Majori Mo-
mineralization.

3 ORE MINERALOGY

Wolframite occurs as tabular, fractured
crystals of centimetric size that are
sometimes replaced by scheelite. The

molybdenite, formed after the wolframite,
has a lamellar habit and is seldom deformed
(Venerandi, 1968). Native  bismuth,
bismuthinite and sulphosalts are sometimes
found between the lamellae (Fig. 2a).
Scheelite generally occurs as pseudomorphs
after wolframite and is therefore Ilater.
Bismuthinite is found in platy habit with a
pavement texture or forms thin prism-like
crystals, often associated with native
bismuth, molybdenite and chalcopyrite.
Native bismuth is present as anhedral grains
showing characteristic twin lamellae.
Chalcopyrite is present as exsolution bodies
in the sphalerite (Fig. 2b) and associated
with native bismuth and bismuthinite.
Chalcopyrite and pyrite fill microfractures in
the wolframite. Iron-rich sphalerite (up to
9%) forms anhedral granular intergrowths
with chalcopyrite and galena. Pyrite occurs
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Table 1. Selected analyses in Wt % of primary ore minerals

Native Bismuth S Ag Pb  Bi Total

Mo 63e 0.60 0.15 3.00 9291 96.66

Mo 63f 0.17 0.05 0.51 94.89 95.62

Mo 63i 1.80 0.01 0.82 94.90 97.53
Bismuthinite S Ag Cu Pb Bi Se Total
Mo 63 18.31 1.92 0.25 4.34 74.46 0.02 99.30
Mo 16 18.70 0.05 0.30 1.22 79.45 0.16 99.86
Mo 16 19.05 0.07 0.28 1.82 78.23 0.13 99.57
Mo 16a 18.82 0.01 0.25 1.26 79.72 0.07 100.10
Mo 16a 18.70 0.01 0.15 1.51 79.54 0.04 99.96
Galena S Ag Fe Cu Zn Pb Bi1 Total
Mo 63h 13.36 0.92 0.02 0.03 0.20 81.67 2.23 98.41
Mo 63h 13.24 0.92 0.02 0.02 0.01 81.39 2.14 97.72
Mo 63d 13.22 0.87 0.01 0.03 0.15 81.23 2.32 97.86
Mo 63d 13.34 0.86 0.96 0.01 0.33 80.87 1.91 98.48
Mo 64d 13.24 0.78 0.04 0.05 1.38 84.03 1.92 101.43
Mo 65¢g 12.67 0.78 0.01 0.01 0.01 80.44 1.92 95.92
Mo66f 13.70 1.02 0.06 0.02 0.01 83.21 2.45 100.45
Sphalerite S Cd Fe Cu Zn Pb Total
Mo63h 33.20 0.54 5.26 0.13 60.00 0.07 99.19
Mo63Py 32.72 0.60 5.19 0.09 58.68 0.04 97.31
Mo64PbS 32.85 0.57 5.29 0.12 59.15 0.01 97.98
Mo65Cpy 33.14 0.57 4.34 0.17 60.01 0.46 98.70
Mo63d 34.10 0.49 6.21 0.88 59.67 0.01 101.34
Mo63dl 32.97 1.11 9.44 0.15 55.99 0.30 99.96
Mo64d1 33.21 0.49 10.26 0.15 56.13 0.02 100.26

Wolframite FeO  MnO WO; Tot

Wo 1 13.44 9.38 61.90 84.72

Wo 2 14.39 9.31 72.31 96.00

Wo 3 1422 9.23 71.95 954

Wo 4 10.57 12.92 71.7  95.19

Scheelite CaO MnO FeO WO;

Sch 1 19.78 0.03 0.03 6495 84.80

Sch 2 20.78 0.02 0.08 75.75 96.63

Sch 3 21.02 0.01 0.03 7522 96.27
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a b

Figure 2: a) microphotograph, Nicols // 140
X, showing associated molybdenite (light to
dark grey) and bismuthinite (white at centre)
in quartz matrix; b) microphotograph, Nicols
/I 84X, showing oriented exsolutions of
chalcopyrite developed.

in blenda in fractures in wolframite and as
cubic crystals. Quartz, prevalent among the
gangue minerals within the ore, is often
idiomorphic and in pseudo-hexagonal
prismatic crystals. Feldspars are represented
by k-feldspars and plagioclase, the former as
microcline orthoclase, while, among the
plagioclase, two terms attributable to albite
and more rarely oligoclase have been
recognized (Fiori et al., 1991). Among the
micas, sericite prevails as an alteration
product of the feldspar and topaz. Muscovite
is clearly subordinate and is found in fan-
shaped laminae in the spaces between the
crystals or along the fractures of minerals.
Topaz is found mainly as large fractured,
colourless individuals in high relief, altered
in sericite and muscovite. Calcite, one of the
latest minerals, is found where metallic
minerals are scarce, and is concentrated in
the middle part of the vein where also
fluorite is found in cubic idiomorphic green-
violet or colourless crystals.

4 THE SULPHOSALT MINERALS

Some phases reported to belong to the
system PbS-Ag,S-Bi,S; is shown in Figure 3.
Other minerals have been described as
existing in it especially on the PbS-Bi,S;
join, but have subsequently been shown to
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be mixtures of phases. In addition to
sulphosalts the Ag-Bi-Pb-S system contains
common simple sulfide minerals with
metallic elements. With the exception of
galena these minerals generally occur as
accessories in many and varied deposits. Of
interest in the case under study are argentite
(AgyS), bismuthinite (Bi,S;), galena (PbS),
matildite (AgBiS,), lillianite (Pb;Bi,Sg),
pavonite (AgBi;Ss) and gustavite
(PbsAg3Bi;;S0s).

On the basis of natural intergrowths of
galena and matildite, Ramdohr (1938)
suggested an extensive solid solution along
the PbS-AgBiS, join that divides the plane
into two portions, with the crest of the
solvus between the two minerals at about
350°C. At 500°C stable phases include
lillianite, pavonite, matildite and galena. An
extensive solid solution exists along the
lillianite-pavonite join with a miscibility gap
between 25 and 46 mole percent PbS.
Experiments conducted at temperatures
above 500°C show that melting near 670°C
precludes complete solid solution between
lillianite and pavonite (Hoda & Chang
1975). However the lillianite-pavonite solid
solution suggests the possible occurrence of
minerals having compositions along this join
while the presence of a miscibility gap
further suggests that such minerals should
commonly exhibit exsolution phenomena.
Karup-Moller (1970) reported the new
mineral gustavite Pb6Ag3Bil11S24 and its
associated phase PbAgBi;Ss in an
assemblage from Greenland. On the base of
similarity in crystallographic and chemical
data, he suggested a continuous solid
solution between lillianite and the end-
member PbAgBi3;Ss and its possible
extension all the way to the Ag,S-Bi,S; join
at Ag;Bi,;S;, composition that however has
been neither synthesized nor reported in
nature. The composition of each of the
intermediate phases can be derived from that
of lillianite by double substitution of Agl™ +
Bi'" for 2Pb2" with the possibility that
copper and antimony may substitute for
silver and bismuth respectively.

The series would be therefore similar to the
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Figure 3. The compositional triangle PbS-Ag,S-Bi,S; with the phases studied at Perda Majori
reported. The hatched area shows the composition range of the analysed samples between the
lillianite—gustavite solid—solutions series and the lillianite-pavonite join.

PbS-Ag,S'Bi,S; (matildite) series. However
natural samples analysed by Karup-Moller
do not fall exactly on the line connecting
lillianite and Ag3Bi7S12 but may also
coincide with the lillianite-pavonite join.

The nature of the “gustavite phase” from
Perda Majori vein, with idealized formula

~ PbAgBi;S¢, the intimate intergrowth of
this material with galena as apparent
exsolutions  from  the  predominant
component (Fig. 4), prevents its isolation for
X-ray investigation and elemental analyses.
The chemical compositions showed in Table
2 were thus determined by an electron
microprobe (Fiori et al., 1991) and gave the
averaged empirical formula
Pb1.08Ag0.91Bi2.86S6  similar to the
chemical data Pb1.06Ag0.96Bi2.82S6 and
Pb, 02Ag0.84Biz67Sbo 3156 published by
Makovicky and Karup-Moller (1977). Table
3 contains concentration estimates for

natural samples of lillianite-gustavite
collected from literature. The studied
sulphosalts from Perda Majori represent
phases with compositional variations that
may be explained by the scheme developed
for minerals related to the lillianite
homologous series (LHS). From a crystal-
chemical point of view the structures of
these sulphosalts arise from the ability of
Pb, Bi and Ag to combine into very nearly
“galena-like” structures in which valency
accommodations 2Pb = Ag + Bi take place
to form, with proper Me:S ratio certain
Pb:Ag:Bi combinations.

The ratio of metal atoms to sulphur atoms is
reduced in the layers of the “lillianite-like”
structures while the valency balance is
restored. The plot of the available chemical
analyses in Figure 3 do not comply with the
hypothesis that compositions of the gustavite

2015



S. Fadda, M. Fiori

Figure 4. Microphotograph, crossed Nicols
400 X, showing exsolutions of the gustavite-
like (white needles) sulphosalt from
previously homogeneous galena phase. The
light grey plague, middle and upper left, is
chalcopyrite

solid solutions should lie on the lillianite—
pavonite join. The majority of our samples
spread between the lillianite—pavonite join
and a line, almost parallel with the galena-
matildite tie-line that connects lillianite,
through gustavite, with a phase having
composition Ag;Bi;S;, on the Ag,S-Bi,S;
join. However many individual analyses
cluster around the composition line for the
members of the lillianite-gustavite solid-
solution.

The presence of exsolution products in
galena suggests that the original PbS
composition was situated on the Bi2S3
richer side of the PbS-AgBiS, join at some
distance from it (Fig. 5). During exsolution
in the high-temperature miscibility gap
(Makovicky and Karup-Moller, 1977) galena
altered into variable and generally lower Ag
and Bi contents by exsolving the gustavite-
like products (Fig. 6).
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Figure 5. Compositions of galenas in the

triangle PbS-Ag,S-Bi,S; .
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Figure 6: a) large rhomboidal grain made up
of PbAgBi;S¢ and native bismuth, galena
and bismuthinite in molybdenite. BSE
image; b) the same as a, but lens shaped.
BSE image.
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Table 2. Selected microprobe analyses in Wt% on the gustavite-like samples from Perda

Majori.

Ag

Cu

Pb

Bi

Se

Tot

Mo63 1

Mo63 b

Mol6

Mol8

Mo26

Mo30

Mo 45

Mo50

Mo54

16.74
16.77
16.55
16.92
17.72
17.39
16.60
16.47
16.60
16.69
16.87
16.36
16.83
16.73
16.72
16.88
16.86
14.95
16.87
16.12
16.50
16.43
17.12
16.98
15.83
17.07
16.55
17.02
17.17
17.18
17.06
16.67

9.10
9.00
9.45
9.11
8.37
7.31
8.88
7.77
8.69
8.85
8.76
8.85
8.80
8.88
8.83
8.76
8.65
8.97
8.97
8.63
8.16
7.79
8.28
8.39
8.52
8.43
8.44
8.50
8.65
8.38
8.21
8.00

0.01
0.03
0.01
0.01
0.01
0.05
0.03
0.18
0.13
0.14
0.15
0.01
0.16
0.16
0.17
0.15
0.12
0.17
0.20
0.18
0.31
0.25
0.17
0.15
0.13
0.17
0.15
0.14
0.12
0.17
0.17
0.17

19.27
18.68
19.02
18.08
16.89
15.98
18.65
22.27
18.55
18.23
19.28
19.29
18.54
18.36
18.57
19.28
19.53
20.45
19.36
18.72
23.58
23.46
19.45
19.64
19.87
20.39
19.52
19.38
19.96
19.13
20.45
23.94

54.42
54.30
54,43
51.26
52.11
57.66
53.74
51.92
51.65
53.29
53.75
54.62
52.84
54.00
53.23
53.74
53.32
54.42
54.82
55.71
51.21
48.07
53.62
5291
54.14
53.25
53.20
52.46
53.41
52.34
52.42
52.01

0.31
0.41
0.23
0.09
0.25
0.14
0.16
0.21
0.01
0.24
0.08
0.51
0.16
0.12
0.20
0.08
0.21
0.25
0.17
0.15
0.19
0.20
0.14
0.06
0.15
0.14
0.14
0.01
0.12
0.08
0.12
0.24

99.85
98.78
99.70
95.45
95.34
98.54
98.07
98.83
95.70
97.50
98.89
99.65
97.35
98.27
97.23
98.89
98.70
99.21
100.39
99.51
99.96
96.21
98.76
98.12
98.65
99.45
98.00
97.50
99.43
97.28
98.44
100.92
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Table 3. Published chemical data in Wt% on gustavite from Karup-Moller 1970, lillianite
homologues from Makovicky et al. 1977, and pavonite from Karup-Moller et al. 1972.

S Ag Cu Pb Bi Sb  Total
Gustavite 17.13  7.39 22.82 51.15 98.49
Karup-Moller 17.27 7.37 22.00 51.71 98.35
Lillianite-Gustavite
1139Colorado 16.96 7.35 050 2526 47.16 2.54 99.77
Alaska Mine 17.19 8.83 024 18.69 54.54 0.24 99.73
Kingston W. 16.09 3.35 0.05 38.03 42.23 1.05 100.80
Ivigtut 1973 17.05 6.62 0.05 27.10 50.51 101.33
Pavonite
No 1124 17.80 6.40 5.60 13.00 58.80 101.60
No 1139 17.80 1090 2.70 440 64.20 0.90 100.90
BSF 1821 1840 940 230 290 66.70 0.80 100.50
5 CONCLUSIONS REFERENCES

In the present study it is shown that the
sulphosalts recognized in the metallic
paragenesis of the Perda  Majori
mineralization  represent phases  with
compositional variations that may be
explained by the lillianite-gustavite scheme
but nevertheless they seem also related to the
pavonite variety listed in literature but not
found in the investigated specimens. We feel
able to conclude that we might be dealing
with exolution processes at different
temperatures from 300°C to above 500°C in
compositional gaps across the lines
connecting lillianite with both pavonite and
gustavite suggesting for these materials a
similar mode of formation. The geological
context, the paragenetic association of ore
minerals and the exsolved textures of Pb-
Ag-Bi sulphosalts documented at Perda
Majori suggest for ore deposition a
pneumatholitic-hydrothermal field.
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Bologna Process and Quality Assurance — Evolution or

Revolution from the Teachers Point of View

B. Kovacevic Zelic
University of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Zagreb,
Croatia

ABSTRACT The Faculty of Mining, Geology and Petroleum Engineering of the University
of Zagreb is the only higher education institution in Croatia in the fields of mining and
petroleum engineering, and one of two institutions in the field of geology. Bologna process
was introduced into Croatian higher education system in 2005. New study programmes were
created by combining experiences from some leading European universities and by taking
into account some peculiarities of the Croatian educational system and labour market.
Besides that, substantial effort was made to solve some problems like insufficient
attractiveness of our study programmes, high drop-out rate etc. In recent years we have also
faced the introduction of quality assurance into the higher education and scientific research.
After almost a decade since the beginning of a Bologna process, we have made a thorough
analysis of its implementation and recognized some new trends and challenges.

1 INTRODUCTION
1.1 Higher Education System in Croatia

The Croatian higher education system is
composed of three cycles (undergraduate,
graduate and postgraduate studies), in line
with the principles of the Bologna
Declaration which Croatia signed in May
2001 during the Ministers conference in
Prague. Furthermore, Croatia has a binary
higher education system which consists of
university and  professional  studies.
University studies cover all three cycles of
higher education while professional one
cover only undergraduate and graduate study
programmes (Www.mzos.hr).

1.2 University of Zagreb

In Croatia there are seven universities among
which the University of Zagreb, founded in
1669, is the oldest one. It consists of 29
faculties, three art academies and the Centre
for Croatian Studies. With its comprehensive

programmes and over 60,000 full-time
undergraduate, graduate and postgraduate
students the University is the strongest
higher education institution in Croatia. It
offers a wide range of academic degree
courses leading to Bachelor's, Master's and
Doctoral degrees in Arts, Biomedicine,
Biotechnology, Engineering, Humanities,
Natural and Social Sciences (www.unizg.hr).

1.3 Croatian Agency for Science and
Higher Education

The Croatian Agency for Science and Higher
Education (ASHE) was  established
according to the Act on Quality Assurance in
Science and Higher Education in 2004.

Agency performs a part of the procedure
of initial accreditation, procedures of re-
accreditation, thematic evaluation and audit,
and collects and processes data on Croatian
higher education, science and related
systems (www.azvo.hr).
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During 2005 initial evaluation of more than
900 study programmes was carried out. In
the academic year 2011/12 re-accreditation
procedure was carried out for all higher
education institutions in the field of
technical sciences.

1.4 Faculty of Mining, Geology and
Petroleum Engineering

The roots of the Faculty of Mining, Geology
and Petroleum Engineering (FMGPE) date
back to 1919, when the Chair of Mineralogy
and Geology was established at the
Technical College. A comprehensive study
of mining engineering in Zagreb began in
the academic year 1939/40 with founding of
the Mining and Metallurgy Section at the
Technical Faculty. The Mining Section
remained a part of the Technical Faculty
until the 1964 when the Faculty of Mining,
Geology and Petroleum Engineering was
established.

Today, the Faculty conducts university
studies and carries out scientific research
and professional work in the area of
technical sciences, the field of mining
engineering, petroleum engineering and
geological engineering (as the only faculty
in the Republic of Croatia), as well as in the
area of natural sciences, the field of geology
(as one of two faculties in the Republic of
Croatia).

The Faculty was accredited for conducting
three undergraduate and four graduate study
programs in 2005, as well as a postgraduate
doctoral study program in 2008.

Moreover, the Faculty had participated in
the creation and implementation of a number
of common study programs at the University
of Zagreb:

—Undergraduate  study program in
engineering in English, with five other
technical faculties;

— Interdisciplinary postgraduate specialist
study — Crisis management;

— Interdisciplinary postgraduate specialist
study — Ecological engineering;

—Joint doctoral study — Geoengineering
and Water Management — with two other
faculties of the University of Zagreb and
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two foreign universities i.e. Graz
University of Technology (Austria) and
University of Maribor (Slovenia).

2 BOLOGNA PROCESS
2.1 Previous Study Programmes

Our Faculty offered from 1998/99 to
2005/06 so called 'old programmes' i.e.
bachelor and master’s degree programmes
(Kovacevic Zelic, 2006). The bachelor
degree programme in mining, geology and
petroleum engineering lasted four years (8
semesters). The master’s degree programme
was designed with the possibility of
obtaining the title of Master of Science
(minimum 2 years of studies) and the title of
Doctor of Science (minimum 3 years of
studies).

In total, we had seven modules three of
which were related to mining engineering,
while geological engineering and petroleum
engineering each had two modules. The
duration of the modules wasn’t synchronized
and the internal mobility was therefore
almost blocked. Some other problems were
also recognized, including:

—a low passing rate, where passing from
Ist to 2nd year was especially critical
with a drop-out rate of approximately
50%:;

—the average time needed to finish the
program was between 7 and 8 years for a
4-years programme;

—relatively low number of graduates in
comparison to the number enrolled into
the programmes (about 1/3 of those who
enrolled actually graduated).

2.2 New Programmes

Since the academic year 2005/06 three
educational cycles are organized at FMGPE:
undergraduate, graduate and postgraduate
studies.

The undergraduate cycle (three years, 180
ECTS) includes the following study
programs:

— Mining Engineering,

— Geological Engineering, and

— Petroleum Engineering.
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The graduate study (two years, 120 ECTS)
program in Mining Engineering includes
three subprograms:

— Mining Engineering,

— Geotechnical Engineering, and

— Waste Treatment and Disposal.

The graduate study program in Geological
Engineering includes two subprograms:

— Hydrogeology and Engineering Geology,

and

— Environmental Geology.

There is only one graduate study program in
Geology:
—Geology of Mineral
Geophysical Exploration.
The graduate study program in Petroleum
Engineering includes three subprograms:

— Petroleum Engineering,

— Energy Production and Supply, and

— Environmental Protection in Petroleum

Engineering.

The postgraduate doctoral study (3 years,
240 ECTS) offers four programs. Upon
completion of the programs in Mining,
Geological or Petroleum Engineering, the
academic title of PhD in technical sciences is
awarded, while upon completion of the
program in Geology, the academic title of
PhD in natural sciences is awarded.

Resources and

2.3 Bologna Process — Goals and Plans

Bologna Declaration states the following
general objectives (http://ec.europa.eu/edu-
cation):
—adoption of a system of easily readable
and comparable degrees;
—adoption of two-tier
(undergraduate and graduate);
—establishment of a system of credits
(ECTS);
— promotion of mobility;
—promotion of European co-operation in
quality assurance, and,
—promotion of the necessary European
dimensions in higher education.

system

2.3.1 Additional goals and plans at
FMGPE

Besides the external incentive for the
adoption of Bologna declaration in the
higher education area in Croatia, there were
some more important reasons for curriculum
revision at FMGPE, such as (Kovacevic
Zelic, 2006):

—to enhance the employability in Croatia
and abroad,;

—to attract future students by introduction
of modern  subject arecas like
environmental protection;

—to increase the study effectiveness, i.e. to
shorten the average study length;

—to introduce "soft skills" interesting to
employers;

—to promote the need for lifelong learning
as the total knowledge in science and
engineering is constantly increasing.

2.4 Trends, Challenges and Achievements
in Croatia

After almost a decade since the beginning of
a Bologna process in Croatia, we have
noticed some appearances and trends.

Area of higher education in Croatia is
regulated by the Act on Scientific Activity
and Higher Education from 2003 with
changes and additions made in 2004, 2007,
2009 and 2011. During the last academic
year a public hearing was initiated by the
Ministry of Science, Education and Sports
(MSES) on the major changes in HE area
and new laws which were proposed. It
caused a huge and controversial discussion,
with a lot of pro and contra arguments. The
process is recently stopped at the parliament
level.

Quality assurance is regulated by the 2009
Act on Quality Assurance in Higher
Education and Science. Internal quality
assurance is provided by the institutions’
internal QA systems and the level of
implementation varies considerably. Study
programmes are accredited by the university
senates. ASHE is an independent public
body responsible for external quality
assurance in Croatia and implements regular
audits, evaluations, initial accreditation and
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re-accreditations of all higher education
institutions. As ASHE is a full member of
ENQA (European Association for Quality
Assurance in Higher Education) and has
been listed in EQAR (European Quality
Assurance Register for Higher Education),
we believe that Croatian universities can
guarantee comparable degrees.

Main sources of funding of Croatian
higher education institutions are state budget
(provided by MSES), project-based funding
(MSES, EU funds etc.), and institutions’
own funds. It was already envisaged in the
2003 Act on Scientific Activity and Higher
Education that lump sum financing would be
introduced allowing HEI independent
allocation of received funds. In reality, it did
not come into practice until today. In the
same time, and especially in the last couple
of years, state funding is decreasing
gradually but continuously. Croatian Science
Foundation (CSF) — the government agency
responsible for funding scientific projects —
was only recently established, which means
that HEI suffered from inconsistent
financing of research activities in the last
couple of years. Own incomes are also
decreasing because of the overall economic
crisis.

The majority of HEI transformed the usual
four year programmes into the 3+2 model of
the Bologna process. Some institutions
adopted the so-called integrated
programmes, such as Law (5+0) and
Medicine (6+0). Recently, there are some
more incentives for the integration of 3+2
programmes.

Mobility of our students has not
significantly improved although it is slightly
increasing. Major obstacles for the
expansion of mobility are related to financial
matters. Financial support for Croatian
students cannot cover all costs, especially for
Western European countries, which are
favourable destinations from a students point
of view.

Employability was also not improved. On
a contrary, it is difficult to obtain a job in
their own country, even. It is caused partly
by economic situation and partly by the fact
that employers still do not recognize

2024

Bachelor's degree as sufficient level of
education. It will be interesting to see if the
accession of Croatia into European Union
will enable greater mobility and increased
employability for our graduates, or is it just
another unrealistic hope.

2.4.1 Peculiarities of FMGPE

At FMGPE we have made a thorough
analysis of the implementation of new study
programmes (Group of authors, 2011) after
several generations of Bologna students had
completed their 3+2 studies.

We have recognized some problems like
excessive workload for students and
teachers, overlapping contents, allocation of
ECTS-points based on teacher's instead of
student's experience, lack of financial
support for new contents and activities etc.

Students enrolled into undergraduate study
programs of our Faculty completed grammar
or vocational school with an average grade
from 3 to 3.5 (national grade range is from 1
to 5 with 5 as the best grade). Unfortunately,
their prior knowledge is often insufficient
for engineering studies, and a particularly
large number of students have insufficient
prior knowledge in mathematics.

In order to resolve that problem, we are
trying for years to inform prospective
students as efficiently as possible about the
Faculty, study programmes and possible
career development by some specific
activities like participation at the University
of Zagreb Fair and Science Fair, by
organizing visits to selected high schools
and Open Days etc. Every academic year the
so called ‘First Lecture’ is organized for
freshmen in order to provide them some
basic information about the University of
Zagreb, FMGPE, as well as rules and
procedures of their study, Code of Ethics and
other practical information. The same data
are given to them in a small publication
named 'Guide for Freshmen'.

Over the past decade, the Faculty has
invested significant funds in the renovation
of lecture rooms, laboratories and library.
Further improvements are still necessary in
order to provide more computer rooms and
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modern software. Our Faculty has obtained
several donations in equipment and software
from some global companies which is highly
welcomed.

Bologna process caused the prolongation
of study programmes for one year comparing
to old ones. Moreover, the number of
courses increased also within the study
programmes, which did not coincide with
the proper increase in the number of
employees. That significantly contributed to
the increase of the average teaching
workload, i.e. almost 1/3 of our teaching
staff has a workload above the standards.

In order to improve the implementation of
the process we have already undertaken
measures like introduction of new teaching
methods and techniques, pedagogical
education of teachers, different types of
student surveys, intensifying the work of
study councils etc. In spite of all these facts,
a lot of work has to be done in a near future.

3 STRATEGIC GOALS OF FMGPE

In trying to resolve the problems related to
the implementation of Bologna process as
well as the quality assurance, it was noticed
that we are missing institutional strategy.
Therefore, we have initiated a discussion at
the faculty level about our future mission,
vision and strategical goals in the academic
year 2010/11 The 'Development Strategy of
the Faculty of Mining, Geology and
Petroleum Engineering' was adopted at the
Faculty Council meeting in October, 2011.
This document defines four general goals
related to teaching, scientific research,
professional work, and quality assurance
system and resource management:

(1) Achieving high quality and regional
recognition of the teaching process based
on the integration of scientific research,
teaching and professional work, as well as
improving mobility of students and
teachers;

(2) Increasing the range and raising the
quality of scientific research to a level that
ensures international recognition,
competitiveness and visibility of the
Faculty in the European Research Area;

(3) Strong regional competitiveness based
on the intense cooperation of the Faculty
with leading industrial subjects in the
region, strong alumni organization, and
regionally recognizable programs of life-
long learning and training;

(4) Expanding and developing the existing
Quality Management System to all Faculty
activities, providing personnel, material and
financial resources which will ensure high-
quality work environment and responsible
business conduct.

3.1 Main Obstacles

In order to define the institutional strategy of
our Faculty, SWOT analysis was made at the
beginning of the discussion. It enabled us to
recognize our main advantages and
perspectives vs. obstacles and difficulties.

As the main obstacles and difficulties in
achieving strategical goals, the following
was recognized:

—relatively low interest in engineering
studies, difficulties in attracting excellent
high-school students to the Faculty study
programs, negative trends on the labour
market;

— establishment of university and college
studies similar to those of our Faculty;

— insufficient communication and feedback
on study programs from employers;

—insufficient and inconsistent funding
from all sources and especially from the
national budget;

— fragmented research activities;

—continuously increasing administrative
demands from different institutions;

—relatively feeble administrative support
for teaching staff under new
circumstances  (especially  increased
international cooperation);

—difficulties in receiving substitutes for
retired teachers, or new positions like
research assistants;

—insufficient recognition of the positive
role of professionals that we educate,
partly due to week relations between the
Faculty and real sector.
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3.2 Main Advantages

Our main advantages and perspectives for
the future were also recognized and could be
summed as follows:

—the Faculty is a unique higher education
institution in the field of mining
engineering, petroleum engineering and
geological engineering in the Republic
of Croatia. In regard to the field of
geology, only one other faculty offers a
similar program;

—interdisciplinary study programs in two
scientific areas i.e. technical and natural
sciences;

—the infrastructure has recently been
thoroughly renovated offering proper
material standards for education;

—active  partnership ~ with  several
universities in Croatia and abroad, state
agencies, ministries as well as public and
private companies;

—collaboration with several European
universities through joint initiatives (FP
projects, Dbilateral projects, joint PhD

etc.);

—regional reputation, knowledge and
experience transfer to neighbouring
countries;

—well established and recognized lifelong
learning programmes.

3.3 Future Challenges

In our strategic plans some priorities had
been elected for the near future.

It is necessary to increase the number of
courses taught in English, not only to enable
enrolment of foreign students, but to
increase overall mobility of students and
teachers.

In addition it is necessary to intensify
continuous pedagogical training of teachers,
especially younger ones.

Problems in the teaching process and
course plan implementation are mostly
caused by huge expenses related to the
fieldwork and summer training. As we are
well aware that, due to the particularity of
the profession, such restrictions would
extremely influence the quality of training,
additional efforts will be aimed towards

2026

stronger cooperation  with
Alumni's and donators.
Professional education of administrative

staff is also necessary.

companies,

4 EXTERNAL EVALUATION

As aforementioned, FMGPE has been re-
accredited by the Agency for Science and
Higher Education in the last academic year.
Re-accreditation of higher education
institutions and study programmes is
performed in S5-year cycles, on the basis of
the self-evaluation report of the higher
education institution.

The re-accreditation procedure is carried
out by the expert panel appointed by the
Accreditation Council. The panel consists of
five members: four university professors or
scientists (two of them must be from abroad)
and one student. Members of the expert
panel must have appropriate competences in
the field covered by the activities of the
Faculty and be recognised for teaching or
research excellence (www.azvo.hr).

Table 1 shows the grades which have been
assigned to our Faculty according to the
Criteria for the Assessment of Quality of
Higher Education Institutions  within
Universities.

Table 1: External evaluation report.

CRITERION GRADE

Institutional management and
quality assurance
Study programmes

Students

4

Teaching staff
Scientific and professional activities

Mobility and international cooperation
Resources: administrative staff,
material and financial resources

L Y R

Legend:
1 Not conducted; 2 At an early stage; 3 Partly
conducted; 4 Mainly conducted; 5 Fully conducted.
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Expert panel recognized strong points of
our Faculty such as good learning
environment for students, as evidenced by
student satisfaction and the enthusiasm of its
staff during the site visit, a good range of
teaching resources (laboratories, classrooms,
books) available for the delivery of its
programmes, a broad programme of
research, and an extensive quality assurance
system for the administration.

They also recognized some weak points,
like small number of students relative to the
number of teaching staff, relatively low
passing rates of students, limited
international orientation of its staff and
students, as well as uncertainty surrounding
the financial support from the Government
of Croatia.

On the basis of completed re-accreditation
procedure and final report of the expert
panel, the minister responsible for higher
education and science issued to our Faculty
confirmation on compliance with conditions
for continued scientific activity and higher
education.

The comparison of observations and
recommendations given by expert team with
our own SWOT analysis shows a huge
overlapping. This fact together with the
obtained grades shows that we are able to
take a proper care for quality assurance at
our Faculty in the future.

5 CONCLUSIONS

In the last decade, the Faculty of Mining,
Geology and Petroleum Engineering as well
as the entire University of Zagreb, witnessed
profound changes caused by the Bologna
process and  changing  environment
(legislation, funding, internationalization of
all activities and introduction of the quality
control and assurance).

Republic of Croatia is very close to the
moment of full accession to the European
Union. In that sense, Croatian HE
institutions should also become an active
member of the European Higher Education
Area (EHEA) and the European Research
Area (ERA).

Teaching and research are the core
activities of the Faculty which must be based
on high standards. For such achievements,
human and material resources together with
encouraging environment are the necessary
prerequisites.

The fact is that with the existing financing
system and difficulties in replacing the
retired teachers or employing young
researchers, it is exceedingly difficult to
meet the European standards we strive for.

Keeping up with the world trends in
scientific research is also becoming very
difficult due to the reduced financial support
in recent years. Our teachers and associates
must allocate a lot of their time and efforts in
obtaining additional resources for that
purpose through their professional activities.
This, consequently, reduces the time spent
on research activities.

Professional work represents an important
segment of the work at the Faculty for many
reasons. The first is that this type of
cooperation supplements for the lack of
financial resources necessary for scientific
work (for example the acquisition of
equipment or material expenses of working
laboratories). The second and equally
important is that in this way we provide the
arrangements for the fieldwork and training
of our students, which represents an
important segment of education of engineers.

In conclusion, introduction of Bologna
programmes coincided with huge changes in
regulations and financing. In the same time,
Croatia was faced with the economic crisis.
Altogether, it caused a lot of negative side
effects for HE institutions and their
employees. It is the reason why, from the
teachers point of view, Bologna process
much more resembles revolution than
evolution. Teachers would rather prefer
evolution than revolution, which should be
in education as a very important human
activity something to which we should
strive.
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Optimum Depth of Grout Curtain In Accordance With Seepage
Conditions (Sangtuda2- Dam&Hpp-Tajikistan)

A. Aalianvari
Department of Mining Engineering, Faculty of Engineering, University of Kashan, Kashan,
L R. Iran

ABSTRACT This paper presents finite element model using SEEP/W software and
analytical equations for prediction of groundwater inflow into Sangtuda2 power plant to
determine optimum depth of grout curtain. According to results, without grout curtain about
6m’/sec water will be flow from karstic and caves into the pit, so this amount of water is
critical for construction, after modeling grout curtain in different depth (60, 80 and 100 m),
groundwater flow into the pit reduces to 3.5, 3.1 and 2.8m’/Sec respectively. The efficiency
of grout curtain in these depths of grout curtain (60, 80 and 100 m) is about 42%, 52% and
54%. Sensitivity analysis in grout curtain depth show that increase in depth of grout curtain
over than 80 m has not reduce groundwater flow into pit remarkable. According to feasibility
study results in this site, grout curtain with 80 m depth is the optimum depth for power plant.
Regarding results and general geologic considerations, caves and karstified limestones in

depth below 80 m cause the conduit for groundwater to flow into pit.

Keywords: Grout curtain, Sangtuda, Seepage

1 INTRODUCTION

Excavation of a large open-pit below the
water table can create a number of water-
related problems that affect the operational
efficiency and economic viability of the
operation. The unexpected water flows in
large scale may reduce the production, delay
the time of application and danger the total
safety. When a pit penetrates in an aquifer,
the significant amounts of groundwater flow
occur to a pit. Therefore, the large volumes
of water must be pumped to provide a dry
condition.

Determination of groundwater regime in
around of an open pit and hydraulic
properties of layers in the pit area is
important to control water inflows to open
pit. To design an effective dewatering
system for an open pit, the modeling of
water-related problems and prediction of
water inflow into a pit are necessary. The
results of such simulations in the feasibility

stage of pit design would be used to develop
an appropriate water management strategy in
order to minimize the operational problems
below the water table and long-term
environmental problems. In  open-pit
operations carrying out below the water
table, pit operators are potentially faced with
two important water-related problems. These
are the amount and pressure of groundwater
that could flow into an open pit and the
effect of pore water pressure on the stability
of an open pit highwall. Many analytical
solutions for prediction of water inflow into
pit excavations can be found in the literature
(Singh and Atkins, 1985a, Krusseman, 1979;
Vandersluis, 1995 and Hormazabalz, 2005);
these models often were developed based on
some very specific assumptions and
boundary conditions that restrict their
applicability in many mining situations. The
prediction of the amount of water inflow into
a pit is very important for development of a
dewatering program. Moreover, taking into
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account that the analytical solutions are not
as versatile as numerical methods, which can
deal with complex situations, so, it is
necessary to develop a numerical model that
includes all aquifer conditions. Numerical
models have not the limitations of analytical
solutions and they are suitable for the
simulation of all aquifer conditions.
Furthermore, numerical models can provide
a more realistic representation of the
interaction between groundwater systems
and excavations. In this paper, a numerical
finite element model using SEEP/W
software (Geo-Slope International Ltd,
2006) and analytical equations to predict
water flow into Sangtuda2 powerhouse in
different conditions and according to their
results the optimum grout curtain depth
around powerhouse pit has been selected.

2 CASE STUDY-SANGTUDA2 POWER
PLANT

Sangtuda2 Dam and Hydropower Plant
Project is located on the Vakhsh River in the
southwest part of Tajikistan. The Vakhsh
River is one of the largest rivers of
Tajikistan with an average annual yield of
20500 Mm’/year and hydroelectric” energy
potential of agout 8950 MW.

Sangtuda2 Dam is one of the 9 dams
arranged in cascade, with its power plant
capacity of 220 MW. The Sangtuda-1
Hydroelectric Power Plant is located on 9km
upstream the Sangtuda-2 Dam and
Hydropower Plant that influenced on
groundwater surface around Sangtuda-2.
The location of these dams is shown on Fig.

7o .
s 9Km: Distance from sangtudal
i to sangtuda -2

i A

Fig 1. Location of Sangtudal, 2 Dams

2030

2.1 Regional Geology

Sangtuda-2 Dam and HPP site are located in
the tectonic unit of Tajikistan Depression.
This unit is located in the tectonic plate of
Eurasia west of SYNTAXIS of Himalaya
(northwest of PAMIR Mountains).

From morphological point of view,
Sangtuda-2 Dam site including the reservoir
basin is located at a relatively flat zone. The
reservoir extends northeast and towards the
right abutment at a relatively acute angle
from the dam axis location. At the dam axis
and abutment locations, bedrock is limestone
(Unit pg2-3/2). Other lithological units are
marly  limestone (Pg2-2), brecciated
(syngenetic)  limestone (Pg2-1), gray
limestone to dolomitic limestone (Pg2-3/2),
porous limestone and brecciated porous
brownish cream limestone (Pg2-4/1, this unit
is about 10-14 m wide and Karstified),
syngenetic brecciated massive limestone
(Pg2-4),Figures 2 and 3 show these layers.
These layers (porouslimestones (Pg2-4) and
Karstified limestones (Pg2-4/1) can conduit
groundwater to powerhouse plant, so it is
very important to estimate amount of
groundwater inflow into open pit to design
an optimum grout curtain depth. Regarding
to boreholes studies results because of
lithological conditions Vakhsh river can
drainage groundwater.

Fig 2. A view of Sangtuda-2 Dam axis and
powerhouse
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PG2-3/2

F'LOW
Fig 4. A view of Sangtuda-2 geological
layers

3 PREDICTION OF GROUNDWATER
FLOW INTO POWERHOUSE PLANT

The prediction of groundwater inflows into
power plant is one of the many components
involved in open pit design; ground water
flows can be dangerous for human and
equipment so it is very important to control
water inflows to open pit. A number of
boreholes was  drilled, cored and
hydraulically tested in the investigation
stage. Records at the boreholes have been
considered as the main source of facts for
seepage calculations. To calculation of
groundwater, according to geological
conditions, power plant house has been
divided into 3 zones, (A, B, C) with
accordance to geological conditions (fig.2).
In each zone, hydraulic and geological test
done separately. Regarding to power plant
geometry, depth of pit is about 40 m below
river (river elevation =~ 490 masl).

In this paper, a numerical finite element
model using SEEP/W software (Geo-Slope
International Ltd, 2006) and analytical
equations to predict water flow into

Sangtuda2  powerhouse in  different
conditions. Rock mass permeability, head of
water around pit and geological conditions
are parameters that regulate to groundwater
flow into open pit.

3.1 Analytical equations for groundwater
inflow into open pit

The governing partial differential equation
for a two dimensional saturated/unsaturated
flow condition can be obtained by coupling
the Darcy’s law and continuity equation
(Freeze and Cherry, 1979) as given below:

0 oh, © Ch 0
— K, )+ (K, ) =C-(W+0
ox Toxt oy Oy ot
where, Ky and K, are the hydraulic
conductivities in the X and Y directions
respectively, Q is the recharge or discharge
per unit volume, h is the hydraulic head and t
1s the time. The hydraulic head is correlated
to the volumetric water content (¢ ) using
the following equation:

ol Oh

—~Z_c=

ot ot

where C is the slope of the water storage
curve.

The first analytical equation quoted in
Krusseman and De Ridder (1979) and Singh
et al. (1985) is based on well hydraulics and
can be used for estimation of steady state
inflow rate to an open pit mine. This
equation was derived from Thiem-Dupuit
equation and can be applied for unconfined
aquifer. Analytical Equation presented b
Krusseman and De Rié{der (1979) and Sing
et al. (1985):

K(H* - h*
Q — 2 ( R )
In(—)
rp
The radius of influence R is reduced to:
R = 5755(HK)"

Analytical Equation
Vandersluis et al. (1995):

presented by

1.366 x K(2H — Ah)Ah
Log(R +r,)—logr,

0=

In above equations:

Q = groundwater inflow (m*/day);

K = permeability of the unconfined aquifer
(m/day);
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H = potentiometric surface or initial water
table elevation (m);
R = radius of influence (m);
1o = reduced radius of the open pit by level
(m);
H = potentiometric surface elevation at a
specific point (m);
1, = radius of the pit at the desired level (m);
h ™= drawdown at the desired level (m)
Hormazabalz presented analytical
equation for estimation of groundwater
inflow into open pit mine according to
Dupuit and Darcy law’s. In this method
geometry of pit is divided into two portions
through the use of “impermeable virtual
boundary”. These two components of flow
will be defined as the Dupuit and Darcy.
Then, the flow is determined using the
principle of superposition. Figure 5 shows
the geometry of a typical cross section of an
open pit mine slope.

4, = q,(Dupuit) + q,(Darcy)

& 41 (Dupuit)
N tallwater

& G4 (Dupuil) h - ‘ 4 a)
o8 - . +
! N
' mpormeatle Virtual Boundary l ——
t
Da t
& 8z (Darey) & gamis
=5 - mm  wm
d ] a
d +op

d +op b)
Fig 5. the geometry of a typical cross
section of an open pit mine slope
(Hormazabalz, 2005)

Then, the flow is determined using the

principle of superposition. So, this equation

is applied for isotropic and homogeneous:
q9=49 14,

kW
q, >d
~ kh
q> = d
o+ —
t
where :

o =0.44if »>2L 05
t
or
o =02— 1og(%)gf > % =0.5

where, q; is the quantity of flow for Dupuit
component, ¢, is the quantity of flow for
Darcy;s component, h is the total head in the
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slope, k is the hydraulic conductivity of rock
mass, d is the horizontal distance between
the slope toe and the point where the total
head is measure, op is the horizontal
distance between the slope toe and the
boundary chosen, o is the shape factor
depending of op/t and t is the thickness of
the saturated rock mass layer. So respected
to karstified layers and lugeon tests in
boreholes equivalent permeability has been
considered about 6.5x10~ m/sec.

3.2 Results of numerical method

Numerical simulation of groundwater flow
and transport has become a standard tool in
water resources management. In contrast to
analytical solutions, numerical simulations
can easily be adopted in order to
accommodate irregular geometries, spatial
variability of hydraulic properties and time
varying boundary conditions. Increasing
computer power and progress in the
development of accurate and efficient
schemes has made it possible to simulate
multi-dimensional systems accounting for
most of the natural structures within
aquifers. Numerical models have not the
limitations of analytical solutions and they
are suitable for the simulation of all aquifer
conditions. Furthermore, numerical models
can provide a more realistic representation of
the interaction between groundwater systems
and mine excavations. In this paper, a
numerical finite element model using
SEEP/W software (Geo-Slope International
Ltd, 2006) is presented, that is capable to
predict the water inflow and estimate the
height of the seepage face in a deep pit.
SEEP/W model is able to analyses different
flow conditions such as
saturated/unsaturated flow,
confined/unconfined aquifer in a two-
dimensional situation. Table 1 shows results
from analytical and numerical methods for
groundwater inflow into Sangtuda2 power
plant in the case that there is not grout
curtain and pit excavated to 50 meter below
groundwater level.
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Tablel.results from analytical and numerical

methods for groundwater inflow into
sangtuda2 power plant (m3/Sec).
. Numerical

Analytical method method
Method  Singh  Vandersluis Hormazabalz Seep/W
ZoneB  L.12 1.04 0.91 0.85
ZoneC  5.06 4.92 4.85 5.34
Total
water g 5.95 5.67 6.19
inflow
into pit

Figures 6 and 7 show the model constructed
by the software

C, without grout curtain, that is very critical
condition. Observed flow confirm these
results. In this research using analytical
methods and FEM to choose optimum depth
of grout curtain. After modeling grout
curtain in different depth(100, 80 and 60 m),
groundwater flow into pit reduce to 3.5, 3.1
and 2.8m’/sec respectively, Table 2 shows
amount of water flow into pit in both zones
B, C and total flow to power plant.

Table 2. Amount of water flow into pit in
both zones B, C and total flow to power
plant

—

Grout
curtain 60 m 80m 100m
depth
Zone B 0.404 0.342 0.31
Zone C 3.1 2.780 2.58
Total 3.504 3.122 2.89

Fig 6. Water flow into pit without grout
curtain(Flow lines(green), water level(blue)
and Isopotential lines(Shading))

7
\ A - // // /

Fig 7. Reduce the water head in grout curtain
(Flow lines(green), water level(blue) and
Isopotential lines(Shading))

4 RESULTS AND DISCUSSION

According to results, without grout curtain
about 6 m*/sec water from karstic and caves
limestone flows into pit, so this amount of
water is very dangerous for construction and
it is very important to design optimum
drainage systems to exit water from pit.
Result from analytical and numerical show
that amount of 0.9 m’/sec water flow into
zone B that is in agreement with observed
flow in this zone. In other zone, C, because
of geological conditions (such as karstified
limestone, breccia and porous limestone) and
surface water basins in these parts of power
plant, seepage may hazardously occur during
construction; hence the seepage analysis is
very importance_in this area. Result shows
that about 5.3 m*/sec, water flows into Zone

As shown in the Figure 8, an increase in
grout curtain depth tends to decrease in the
water flow into each zone. The rate of
reduction in water flow diminished below
depth of 100 m in curtain

=== Zone B
== Zone C
== total

Q(m*3/Sec)

Grout curtain depth(m)

Fig 8. Water permeation to power plant site
at 450 m level according to grout curtain
depth.

According to results, in spite of increasing
the performance of grout curtain with depth,
but the rate of reduction in water flow
diminished below depth of 80 m in curtain
also high cost of curtain operation, cause to
choose the 80 m depth as optimum depth of
curtain. Table 3 shows performance of
curtain according to grout curtain depth.
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Table 3. Performance of curtain according to
grout curtain depth

Curtain 40m 60m 80m 100m 120m
depth
Zone B 20 41 59 63 66
Zone C 30 42 47 51 54
Total 27 42 49 53 57
100
20
g 80
>
,g, 0 /./*-. == zo0ne B
§ 60 — =4=zone C
":::, 50 Xuxﬁ*"* =x=total
§ y
g % X
20 ./
10
0 50 100 150
Grout curtain depth(m)

Fig 9. Performance of curtain in different
depth

Observed and measurements of water
inflow into Sangtuda-2 power plant show
that despite grout curtain below 80 m
underground surface about 6 m’/sec water
inflow into power plant. That result related
to presence of limestone layers in zone C
which are of Kkarstification abilities,
especially in Pg2-4 and Pg2-4/1 breccia
limestone.

According to the results, with attention to
karsts and dissolved caves under the base of
the grout curtain (at 80m below the ground
water level), it is proposed to design a two
step pumping and drainage systems with 12
m’/s capacity at least .

5 CONCLUSION

Due to the completion of Sangtudal, 9km up
the Vakhsh River, the numbers of artesian
springs have been increased in B and C
zones. As a result ground water influx into
the power plant and the dam’s outlet
achieved at a critical level; therefore, a grout
curtain has to be built in these zones.

On the other hand, seepage analysis at
different levels indicates that the optimum
depth of the grout curtain is to be at 80m
below the ground water level. Besides, the
efficiency of grout curtain is reduced
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because of followings that should be taken
into account:

e Geological conditions, e.g. near to
vertical dip layers existence.

¢ Presence of limestone layers in zone C
which is of karstification abilities,
especially in Pg2-4 and Pg2-4/1
breccia limestone.

e Presence of artesian spring in Pg2-4/1
breccia limestone layer (karstified
layer) in zone C, amount of 3m?/sec
water inflow into pit greater than
predicted flow, so it is necessary to
consideration in suitable drainage
systems scheme.

According to the results, with attention to
karsts and dissolved caves under the base of
the grout curtain (at 80m below the ground
water level), it is proposed to design a proper
pumping and drainage systems with 15 m’/s
capacity at least.
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ABSTRACT The Darrehzar porphyry Cu-Mo deposit is located in Southwestern Iran (~70
km southwest of Kerman City). The porphyries occur as Tertiary quartz-monzonite stocks
and dikes, ranging in composition from microdiorite to diorite and granodiorite. The
Darrehzar stock is highly altered, and even in the outermost part of the intrusion it is not
possible to find completely fresh rock. Hydrothermal alteration and mineralization at
Darrehzar are centered on the stock and were broadly synchronous with its emplacement.
Early hydrothermal alteration was dominantly potassic and propylitic, and was followed by
later phyllic and argillic alteration. The hydrothermal system involved both magmatic and
meteoric water and boiled extensively. Copper mineralization was accompanied by both
potassic and phyllic alteration. Based on number, nature and phases number which are
available in room temperature, three types of fluid inclusions are typically observed in these
veins: (1) vapor-rich, (2) liquid-rich (3) multi-phase. The primary multiphase inclusions
within the quartz crystals were chosen for micro-thermometric analyses. Early hydrothermal
alteration was caused by high temperature, high salinity orthomagmatic fluid and produced a
potassic assemblage. Phylic alteration was caused by high salinity and lower temperature
orthomagmatic fluid. Magmatic and meteoric water mixture were developed peripheral part
of the stock and caused propylitic alteration which is attributed to a liquid-rich, lower
temperature.

1 INTRODUCTION

Due to their low metal grade and very large
volume,  porphyry-type  deposits are
described as disseminated and mineralization
is, to a great extent, controlled by fractures
and faults. Porphyry copper deposits are

by injection of oxidized magma saturated
with S- and metal-rich, aqueous fluids from
cupolas on the tops of the subjacent parental
plutons. The sequence of alteration-
mineralization is principally a consequence
of progressive rock and fluid cooling caused

formed where magmatic-hydrothermal fluids
are expelled from a crystallizing magma
(Burnham, 1979; Ulrich, 2001) and initiated

by solidification of the underlying parental
plutons and downward propagation of the
lithostatic-hydrostatic  transition (Sillitoe,
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2010). Cooling, depressurization, and
reaction between the fluids and the wall
rocks cause metals to precipitate in and
around the fractures, forming veins with
alteration envelopes. Alteration assemblages
and associated mineralization in porphyry
ore  deposits develop from  huge
hydrothermal  systems dominated by
magmatic and meteoric fluids (Sillitoe, 1997
; . Hedenquist and Richards, 1998).

Porphyry Cu systems host some of the
most widely distributed mineralization types
at convergent plate boundaries including
porphyry deposits centered on intrusions.
The systems commonly define linear belts,
some many hundreds of kilometers long, as
well as occurring less commonly in apparent
isolation (Sillitoe, 2010).

Sahand-Bazman volcanic belt in Iran is a
part of the collisional Alpine-Himalaya
orogenic belt, which extends north-westward
from Sahand volcano in Azarbaijan
province, to Bazman volcano in south-east
Iran, a distance of approximately 1700km.
This belt was formed by subduction of the
Arabian plate beneath central Iran during the
Alpine orogeny as first identified by
Stocklin and Setudenia (1972) and consists
of alkaline and calc-alkaline volcanic rocks
and related intrusives (I-type) (Stocklin,
1977 ; Berberian, 1976 and 1983).

Darrehzar deposit is located southeast of
the Sar-Cheshmeh porphyry Cu deposit.
Proven reserve of Darrehzar deposit is >80
million tons of disseminated sulfide ore,
with an average grade of 0.55% Cu and
approximately 0.005% Mb (Derakhshani,
2009).

First studies at Darrehzar carried out in 1969
by Geologic Survey of Iran, containing
detailed geophysical, geochemical and
geological surveys. Next studies were
published by Grujicic and Volickovic
(1991), Maanijou (1993), Ranjbar (2001).

In this study, we will elucidate the
hydrothermal history of the Darrehzar
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porphyry deposi. We have conducted a fluid
inclusion study, analyzed oxygen and sulfur
isotopic compositions of selected minerals.
This information has enabled us to determine
the conditions under which the deposit
formed, reconstruct the fluid evolution, and
develop a model which satisfactorily
explains  the concentration of Cu
mineralization to economic levels.

2 GEOLOGICAL SETTING

The Darrehzar porphyry copper deposit is
located ~70 km southwest of Kerman City in
the Kerman province of southwestern Iran
(Fig. 1). The stock is a part of the Sahand-
Bazman igneous and metallogenic, a deeply
eroded Tertiary volcanic field, roughly 100
by 1700 km in extent, consisting mainly of
rhyolite and andesite, with numerous felsic
intrusions. Subduction and subsequent
continental collision from Paleocene to
Oligocene caused extensive alkaline and
calc-alkaline volcanic and plutonic igneous
activity (Etminan, 1977 ; Shahabpour, 1982 ;
Hezarkhani, 2006 ; Shahabpour, 2007).

Geckogical map of the Darrehzar e

Fig. 1. Geological map of Iran (Stocklin, 1977 and
Shahabpour, 2007) showing Sahand-Bazman belt:
Calc-alkaline volcanic and Quartz monzonite and
quartz diorite intrusions, hosting Cu-Mo porphyry
type mineralization and Detailed geological map of
the Darrehzar area showing the distribution of
different suites.
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The Darrehzar porphyries occur as
Tertiary quartz-monzonite stocks and dikes,
ranging in composition from microdiorite to

diorite and granodiorite, intruding into
volcanic, volcanic-clastic and volcanic
sedimentary complexes. The volcanic
sedimentary complex is the oldest rock with
eocene age, covering large area of
Darrehzar.

Andesite and pyroclastics rocks are

situated in the peripheral parts of altered
rock while microdiorite, diorite and
granodiorite stock build the centeral part of
alteration zone. In this part alterations are
more intensive, rocks are crushed, and
system of fracturing is well developed.
Along the both side of Darrehzar river
remnant of the river trace are situated and
composed of pebbles of andesite and altered
rocks, cemented with clay and limonite.

The Darrehzar stock is highly altered, and
even in the outermost part of the intrusion it
is not possible to find completely fresh rock.
Surface weathering has developed Fe-rich
lithological units in leached zone and
concentrated copper minerals in supergene
zone.

3 HYDROTHERMAL ALTERATION
AND MINERALIZATION

Alteration  assemblages and  related
mineralization in the Darrehzar porphyry
copper deposit have been investigated by
geological mapping, and detailed
mineralogical petrographical and chemical
studies of a large number of drill cores and
outcrop samples from various parts of the
stock. Hydrothermal alterations at Darrehzar
deposit are very intensive and weathering
process changed them even more. The
central part of Darrehzar is composed of
intensively hydrothermally altered rocks,
covering the surface of about 1.8 km2.
Altered zone is eclongated in east-west
direction, 2.2 km x 1 km in size. Boundary
between the altered and unaltered rocks is
sharp and in some parts it is very irregular.
At some area altered rocks interfinger with
unaltered ones.

Early  hydrothermal alteration was
dominantly potassic and propylitic, and was
followed by later phyllic and argillic
alteration. The earliest alteration is
represented by potassic mineral assemblages
developed pervasively and as halos around
veins in the deep and central parts of the
Darrehzar stock. Potassic alteration is
characterized by K-feldspar and secondary
biotite. This alteration displays a close
spatial association with mineralization.
Eastern boreholes reached potassic alteration
in shallower depth than western boreholes,
indicating the presence of north-south
reverse fault and erosion of overall
alterations in this area.

The change from potassic to phyllic
alteration is gradual and is marked by an
increase in the proportion of muscovite.
Phyllic alteration is characterized by the
replacement of almost all rock-forming
silicates by sericite and quartz and overprints
the earlier formed potassic alteration.
Surface samples of phyllic alteration with
gray color have quartz contain in rocks and
veins and are harder. Quartz veins are
surrounded by weak sericitic halos. Vein-
hosted pyrite is partially replaced by
chalcopyrite. Silicification was synchronous
with phyllic alteration and variably affected
a large part of the stock and most dikes. In
contrast to the transition zone, appreciable
Cu was added to the rock during phyllic
alteration.

Because of erosion, propylitic alteration
zone especially at eastern area of Darrehzar
was rarely detected in borehole samples and
only were seen in contact area of porphyry
stock with eocene volcanic and volcano-
clastic rocks.

Propylitic alteration represented mainly by
chloritization of primary and secondary
biotite and groundmass material in rocks
peripheral to the central potassic zone.
Epidote replaced plagioclase, but this
alteration is less pervasive and less intense
than  chloritization.  Minor  minerals
associated with propylitic alteration are
albite, calcite, sericite, anhydrite (gypsum),
and pyrite.
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The shallow argillic alteration is
interpreted to represent a supergene blanket
over the deposit and the deeper clay
alteration of feldspar may have had the same
origin. Rocks with argillic alteration are
highly fractured and bleached. Some
samples have aggregation of chlorite and
clay minerals.

Feldspar is locally altered to clay down to
a depth of 300 m, and within 80 m of the
erosional surface the entire rock has been
altered to an assemblage of clay minerals.
XRD analyses indicate that kaolinite is the
dominant clay minerals mixed with rarely
montmorillonite and other erosion minerals.
This alteration is manifested by advanced
replacement of plagioclase and mafic phases
by clay minerals.

Based on drill cores, hypogene copper
mineralization was introduced during
potassic and phyllic alteration, and exists as
disseminations and as veinlets form. During
potassic alteration, the copper mineralization
consisted of chalcopyrite and bornite; later
hypogene copper mineralization consisted
mainly of chalcopyrite.

Copper grades and sulphide content
increase toward the margins of the central
potassic zone, from less than 0.10 wt % to
0.9 wt%. There is also a positive correlation
between silicification and copper
mineralization.

At the exposed surface of the deposit,
rocks are highly altered and the only mineral
which has survived supergene argillization is
quartz. Most of the sulfide minerals have
been leached, and copper was concentrated
in an underlying supergene zone by
downward percolating ground waters.

4 FLUID INCLUSIONS STUDIES

Fluid inclusions are abundant in quartz of all
vein types, and range in diameter from
1"um up to 15 um. The majority of
inclusions examined during this study had
diameters of 4-12 um. Only fluid inclusions
within the quartz crystals in quartz-sulfide
and quartz-molybdenite veinlets were chosen
for microthermometric studies. Most of the
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observations were restricted to fluid
inclusions in coarse-grained quartz of early
mineralized veins.

Fluid inclusions were classified into three
main types based on the number, nature, and
proportion of phases at room temperature.
The following types of fluid inclusions have
been identified (Fig.2).

. Secondary Fluid Inclusions
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Fig. 2. Photomicrographs of different inclusion types
within mineralized quartz vein

LV (Liquid Vapor) inclusions consist of
liquid + vapor + solid phases with the liquid
phase volumetrically dominant. These fluid
inclusions are common in all mineralized
quartz veins, and are abundant in Group II
and III veins. VL (Vapor Liquid) inclusions
also contain vapor + liquid + solid phases.
These inclusions mainly homogenize to
vapor, and rarely to liquid, or by critical
behavior. LVHS (Liquid Vapor Halite Solid)
inclusions are multiphase, and consist of
liquid + vapor + halite + other solids. Based
on the number and type of the solids, this
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type of inclusions is further classified into
three subtypes. Subtype LVHS; inclusions
are characterized by the presence of halite +
chalcopyrite + anhydrite + K-Fe-Cl phase.
Halite, anhydrite and chalcopyrite have
consistent phase ratios and are interpreted to
be daughter minerals. Vapor bubbles occupy
<25% of the inclusions by volume. Subtype
LVHS; inclusions contain sylvite in addition
to the phases in LVHS; inclusions. The solid
phases occupy 60% of inclusion volumes,
and the vapor bubbles 20% of inclusion
volumes. Subtype LVHS; inclusions contain
halite, which is commonly accompanied by
hematite, but do not contain chalcopyrite,
sylvite and K-Fe-Cl phase. The volume of
the solid phases is typically <40% of the
inclusions, and bubble volumes range
between 20 and 60%.

4.1 Microthermometric analysis

The Linkam operating unit was applied to
measure the temperatures of phase changes
in fluid inclusions, which operates by
passing pre-heated or pre-cooled N2 vapor
around the sample (Were et al, 1979). Stage
calibration was performed using synthetic
and/or  well-known  fluid inclusions.
Accuracy at the standard reference
temperatures was +0.2°C at —56.6°C (triple
point of CO2), £0.1°C at 0°C (melting point
of ice), =+£2°C at 374.1°C (critical
homogenization of H,O), and £9°C at 573°C
(alpha to beta quartz transition). The heating
rate was approximately 1°C/min near the
temperatures of  phase transitions.
Descriptive statistics of microthermometric
data in vein groups are shown in Table 1.

4.2 Homogenization temperatures

LV fluid inclusions homogenize to liquid T},
(L+V—L) at temperatures between 215 °
and 514 °C, with an average of 297°C. Most
of VL inclusions homogenize to vapor Ty
(V+L—V) between 287 © and 575 °C.

In the halite-bearing inclusions, TNaCl
(the temperature at which halite dissolves)
and Th(L-V) (temperature of vapor and

liquid homogenization) were recorded. (Fig.
3)
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Fig. 3. Histograms of homogenization temperatures
for LV, VL and LVHS fluid inclusions from
mineralized quartz veins (p: primary, ps:
pseudosecondary, s: secondary).

The liquid and vapour phases in LVHS
inclusions homogenize to liquid at
temperatures between 211 © and 487 °C. The
liquid—vapour homogenization temperature
for LVHS inclusions is from 215 ° to 350 °C
in Quartz veins. The halite dissolution
temperatures (T;NaCl) for LVHS inclusions
are between 211 ° to 510 °C. Anhydrite and
chalcopyrite did not dissolve on heating to
temperatures in  excess of  600°C.
Chalcopyrite was identified on the basis of
its optical characteristics (opacity and
triangular cross section) and composition in
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opened inclusions (SEM-EDAX analyses
yielded peaks for Cu, Fe and S). Anhydrite
forms transparent anisotropic prisms and
was shown by SEM-EDAX analyses to
consist only of Ca and S (elements lighter
than F could not be analyzed) (Hezarkhani,
1999).

Table 1. Descriptive statistics of microthermometric
data at Darrehzar area.

T';:)e s::;:::tzlr To TsNaCL L/V  Salinity
Minimum 215 1.2 2.01
Maximum 514 - 19 16.32

v Mean 297 4.38 8.02

STD* 56.6 2.96 3.8
Minimum 287 0.11 0.87
Maximum 575 - 1 18.55
vt Mean 421 0.49 9.36
STD 67.8 - 0.3 5.2
Minimum 211 211 0.47 31.44
LVHS Maximum 487 510 9 59.86
Mean 330 351 3.66  43.21
STD 65.9 72.19 2 6.74

*Standard Deviation

4.3 Salinity in the fluid inclusions

Halite-bearing and non-halite-bearing
liquid-rich inclusions at Darrehzar exhibit a
wide variation in salinity, ranging from 0.9
t0 59.9 wt% NaCl. (Fig. 4)

LVHS fluid inclusions (high salinity
population) have higher salinities than LV
and VL inclusions (low saline population)
and clearly separated each other by a salinity
gap within the range of 19-31 wt%.(Fig. 4).
Low salinity inclusions have salinity from
0.9 to 18.6 wt% NaCl and their correlation
coefficient between the salinity and their
homogenization temperature is weak
(R=0.07). High salinity inclusions have
salinity between 31.4 and 59.9 wt% NaCl
and have good correlation coefficient
(R>=0.7).between the salinity and their
homogenization temperature. (Fig. 5)
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Fig. 4. Scatter plot of salinity versus homogenization
temperature showing two different populations
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Fig. 5. A) Weak correlation coefficient between the
salinity and their homogenization temperature in low
salinity population (R*=0.071), B) Good correlation
coefficient (R?=0.71) between the salinity and their
homogenization temperature in high
inclusions (LVHS).
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5 STABLE ISOTOPE INVESTIGATION

Samples containing veinlets of sulfides,
quartz, and sulfates were selected for stable
isotope analysis.
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Oxygen isotope analyses were conducted
on the samples of quartz veins in the
potassic, transition and phyllic alteration
zones. Quartz grains were separated using
both heavy liquid and hand picking methods.

Sulfide  (pyrite, chalcopyrite  and
molybdenite) and sulfate (anhydrite) samples
were selected for sulfur isotopic analyses.
These samples were prepared through
crushing, sieving, and hand-picking. S, O
isotope analyses were carried out in
laboratories at Centre for Stable Isotope
Research and Analysis, University of
Gottingen, Germany.

5.1 Oxygen isotopes

The 6,30 values of quartz are in range of 9%
to 10.3 relative to Standard Mean Ocean
Water (SMOW) with a mean of 9.6%.
0,30H,0O values were calculated from the
quartz analyses using the fractionation
equation of Matsuhisa et al. (1979) .

The range of 6,30H,0 values are between
6.13% to 7.06% (Group I veins), and 4.92%
to 6.25% (Group II veins) and 3.31% to
4.22% (Group III veins) (Fig 6).

61 6.25

19
422

331

18
60120
MW s 0 e N o®

Group I* Group I1* Group III*

*Calculated from Matsubhisa, et.al, (1979) equation

Fig. 6. Oxygen Isotope Results of the Mineralized
group Quartz Veins

The result showed that hydrothermal
fluids with deferent origin have circulated in
three  phases, responsible for fluid
mineralization. In  the first phase
orthomagmatic fluid (8 3O(fluid)d > 6%)
was circulated at system and was caused
paragenic mineralization of quartz + k-
feldspar + molybdenite + anhydrite + pyrite
+ chalcopyrite which formed Group I veins.

In the next phase by decreasing
temperature and fluid cooling up to 350°C
meteoric water flowed inward system (&
180(fluid) ~ 5% to 6%) and formed Group II
veins consist of quartz + chalcopyrite +
pyrite + bornite + molybdenite. Phyllic
alteration Resulted from invasion of mixed
meteoric waters with decreasing temperature
of the system.

In the last phase, the hydrothermal system
changed from magmatic to meteoric water
and caused porphyry stock altered (o
180(fluid) < 4.5% ). Based on fluid inclusion
study and calculation of the isotopic
composition of ore-forming fluid with
decreasing of temperature up to 300°C, ore-
forming fluid with properties close to the
meteoric water caused paragenic
mineralization of quartz + pyrite + calcite +
chalcopyrite + anhydrite and made Group III
veins.

5.2 Sulfur isotopes

Sulfur isotopic analyses were performed on
pyrite,  anhydrite,  chalcopyrite  and
molybdenite samples separated from Group
I, IT and III veins. The eight pyrite samples
analyzed have 634S values between -3.1% to
-0.4%, the three chalcopyrite samples have
034S values of -1.8% to -1.3%, the two
molybdenite samples have 0;4S values
ranging from -1.8% to -0.7% and the eleven
anhydrite samples have 034S values from
10.3% to 11.7%.

The 0634S values of the anhydrite are
approximately constant and heavier than
those of associated or coexisting sulfides.
One of two samples of molybdenite is
enriched 8;4S relative to pyrite and pyrite in
turn is similarly enriched in 84S relative to
chalcopyrite. These isotopic trends are
consistent with isotope equilibrium theory
and sulfur-isotope fractionation trends
(Ohmoto and Goldhaber, 1997).

6 DISCUSSION

The maximum pressure of fluid entrapment
can be calculated from the estimated
thickness of the overlying rock column at the
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time of intrusion. The latter represent 1500
m to 2000m of volcanic, volcanic-clastic and
volcanic sedimentary complexes. This
corresponds to a lithostatic pressure of 450
to 500 bars, assuming an average rock
density of 2.7 g/cm3 and a hydrostatic
pressure of 150 to 200 bars, assuming a fluid
density near 1 g/cm3.

LVHS, fluid inclusions occur with VL
inclusions in Group I quartz veins associated
with potassic alteration, define fluid
population L. The  homogenization
temperatures for type LVHS, inclusions
(Tw(L-V) > TNaCl) vary between 330 ° and
~ 500 °C, and for co-existing VL inclusions
vary between 400 ° and 500 °C (Fig. 7).

At these temperatures the maximum
pressure for the co-existence of these two
fluid inclusion types (bubble point curve) is
approximately 300 to 400 bars. On the other
hand, the existence of LVHS fluid inclusions
with TNaCl > Ty(L-V) implies that pressure
was locally or temporarily much higher. In
fact, pressures estimated for those inclusions
(fluid pressure) range up to 800 bars which
is exceeded lithostatic pressure (as already
discussed, the lithostatic pressure was 450 to
500 bars) and that pressure generally
oscillated between 150 to 200 bars
(hydrostatic) and >500 bars in response to
repeated cracking and sealing of the rock at
450°C. So pressure during the trapping of
fluid population I varied from 150-200 to
>500 bars and temperature was ~450°C.

Fluid II is defined by the co-existence of
LVHS; and VL inclusions. In Group I and II
veins, LVHS; inclusions homogenize by
vapor disappearance after halite dissolution
at a modal temperature of 350°C.

Based on data from Sourirajan and
Kennedy (1962) and Chou (1987) for the
NaCl-H,O system, the corresponding fluid
pressure was ~200 bars.

VL inclusions homogenize to a vapor at
between 380° and 520°C, i.e., at significantly
higher temperatures than LVHS; inclusions,
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could indicate heterogeneous entrapment of
liquid and vapor during boiling.

In Group III veins, the LVHS; inclusions
homogenize at temperatures <300°C by both

vapor disappearance and halite dissolution.
Vein Group I
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Fig. 7. Liquid—vapour homogenization temperature
vs. salinity plotted on a section from the NaCl-H,O
system (halite saturation and critical curves from
Boodnar, 2003 and Roedder, 1984)

Fluid IT was thus trapped at considerably
lower temperatures than fluid I (350° vs. 350
- 500°C) and underwent cooling with the
development of a progressively more open
fracture system represented by Group III
veins. The pressure was dominantly
hydrostatic (150 - 200 bars).

Fluid III is defined by the existence of LV
inclusions and represents a later fluid that
circulated in the intrusion. These inclusions
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homogenize to liquid at temperatures
between 240 ° and 330 °C. Based on data of
Chou (1987), the minimum corresponding
pressure is between 30 to150 bars.

6.1 Fluid evolution

The high trapping temperatures and high
salinity of LVHS1 and LVHS2 fluid
inclusions suggest that Fluid population I
probably represent an orthomagmatic fluid
which is exsolved as a high density phase
from diorite-granodiorite magma and
subsequently saturated with halite and
boiled.

We propose that the source of Fluid II
(LVHS3 and VL fluid inclusions) was also
mainly orthomagmatic (high salinity) but
that it circulated at lower temperature than
Fluid I and mixed with an external fluid. It is
also suggested by a trend from higher
temperature and higher salinity to lower
temperature and lower salinity for LVHS3
and LV fluid inclusions. Coexistence of
LVHS3 fluid inclusions with VL fluid
inclusions indicate that Fluid II boiled
extensively. Fluid III was mainly meteoric
water (low salinity), and that it mixed to
great value with magmatic fluids (low
temperatures) (Fig. 7). Also it circulated
mainly in Group II and Group III veins.

CONCLUSIONS

The multiple intrusions of microdiorite to
diorite and granodiorite rocks at Darrehzar
indicate a long-lived intrusive episode
associated with repeated fracturing and
hydrothermal activity. Fluid inclusion and
isotopic analyses from the deposit indicate
three distinct hydrothermal fluids. The first
hydrothermal was characterized by high
temperatures, high salinities and o
180(fluid)d > 6%. The presence of
molybdenite and anhydrite in Group I veins,
chalcopyrite and anhydrite in Group II veins
and chalcopyrite and anhydrite in LVHSI
and LVHS2 inclusions from vein Groups I
and II suggest that Fluid I was responsible
for the transport and eventual deposition of
Fe, Cu, Mo and S. Fluid population I could

indicate an orthomagmatic fluid which is
subsequently saturated with halite and
boiled. The second hydrothermal fluid (Fluid
II) was formed mainly by the mixing of
magmatic fluid, at moderate to high
temperatures and o 13O(fluid)d ~5 to 6%.

The third hydrothermal fluid (Fluid III)
consisted of low temperature, low to
moderate salinity and 6;30(fluid)d < 4.5%.
This fluid was responsible for peripheral
propylitic alteration. The circulation of Fluid
III, which did not penetrate into the hotter
and most central part of the intrusion, caused
this alteration zone. This fluid also caused
some distribution of argillic alteration, in
which almost all the feldspars were altered
to kaolinite and other clay minerals.

These three interpreted hydrothermal
fluids correspond to three different
populations of fluid inclusions in Darrehzar
veins.

Fluid III formed by progressive dilution
of magmatic fluid with a great volume of
meteoric waters.

REFERENCES

Berberian, M., 1976. An explanatory note on the
First ~ Seismotectonic Map of Iran; a
seismotectonic review of the country. In
Geological Survey of Iran, Report No. 39, pp.7-
142.

Berberian, M., 1983. the southern Caspian: A
compressional depression floored by a trapped,
rnodified oceanic crust: Canadian Journal of
Earth Sciences 20:163- 183.

Bodnar, RJ., 2003. Introduction to aqueous fluid
systems. In: Samson I, Anderson A, Marshall D
(eds) Fluid inclusions: analysis and interpretation.
Mineralogical Association of Canada: short
course 32. Mineralogical Association of Canada
Quebec pp 81-99

Burnham, C. W., 1979. Magmas and hydrothermal
fluids: in Geochemistry of Hydrothermal ore
deposits, H. L. Barnes, Jon Wiley & Sons, Inc,
71- 136.

Derakhshani, R and Abdolzadeh, M., 2009.
Geochemistry, mineralization and alteration
zones of Darrehzar porphyry copper deposit,
Kerman, Iran. Journal of applied sciences,
9:1628-1646.

Etminan, H., 1977. The discovery of porphyry
copper—-molybdenum mineralization adjacent to
Sungun village in the northwest of Ahar and a
proposed program for its detailed exploration.

2043



A. Sevari, A. Hezarkhani, H. Katibe

Confidential ~ Report,  Geological = Report.
Geological Survey of Iran, p. 26.

Grujicic, B and Volickovic, S., .1991. Copper
deposit Darrehzar mineral inventories
computation. National Iranian Copper Industries,
Exploration Department, Internal Report, 27pp.

Hedenquist, J. W and Richards, J. P., 1998. The
influence of geochemical techniques on the
development of genetic models for porphyry
copper deposits. In: Richards JP, P. B. Larson
(Eds): Techniques in hydrothermal ore deposits
geology. Rev Econ Geol, 10:235-256.

Hezarkhani, A., 2006. Hydrothermal evolutions at
the Sar-Cheshmeh porphyry Cu—Mo deposit, Iran:
evidence from fluid inclusions. J Asian Earth Sci
Engl 28:408-422.

Maanijou, M., 1993. Alteration halos and their
connection to mineralization of Darrehzar
porphyry Cu deposit and its geochemical zoning,
Pariz area, Kerman, Iran. M. Sc. Thesis (in Farsi),
Shahid Beheshti University (Tehran), 254p.

Ranjbar, H, Hassanzadeh, H, Torabi, M and Ilaghi
O., 2001. Integration and analysis of airborne
geophysical data of the Darrehzar area, Kerman
Province, Iran, wusing principal component
analysis. Journal of Applied Geophysics, 48: 33-
41.

Roedder, E., 1984. Fluid Inclusions: Mineralogical
Society of America, Reviews in Mineralogy, 12,
p. 644.

Shahabpour, J and Doorandish, M., 2007. Mine
drainage water from the Sar Cheshmeh porphyry
copper mine, Kerman, IR Iran, Environ Monit
Assess, Accepted: 4 July 2007.

Shahabpour, J., 1982. Aspects of alteration and
mineralization at the Sar-Cheshmeh
copper—molybdenum  deposit, Kerman, Iran:
Ph.D. thesis, Leeds University, 342p.

Sillitoe, R.H., 1997. Characteristics and controls of
the largest porphyry copper-gold and epithermal
gold deposits in the circum-Pacific region —
Austral J. Earth Sci., 44: 373-388.

Sillitoe, R.H., 2010. Porphyry copper systems. Econ
Geol, 105:3-41.

Stocklin, JO., 1977. Structural correlation of the
Alpine ranges between Iran and Central Asia.
Mem. H. Aser. Soc. Geol. France, p. 333-353.

Ulrich, T., Gunther, D., and Heinrich, C. A., 2001.
The evolution of a porphyry Cu-Au deposit, based
on La-ICP-MS analysis of fluid inclusions, Bajo
de la Alumbrera, Argentina. Economic Geology
96, 1743-1774.

Were, R.W Jr., Bodnar, R.J.,, Bethke, P.M and
Barton, P.B., 1979. A novel gas- flow fluid
inclusion heating- freezing stage (abstract).
Geological Society of America. Abstracts and
Programs 11, 539.

2044



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

A Framework for the Sustainable Development of Turkey’s
Mineral Wealth

I. Singh,

Principal, Mining Consultancy International, Thunder Bay, Ontario, Canada

ABSTRACT A key challenge in the 21 century is to convert mineral wealth into sustainable
development to benefit society, meet growing demands for minerals and metals, and allow
realistic returns on investment. Over the past two decades, responsible and sustainable
development of minerals has attracted worldwide attention. Mining jurisdictions now pay
increased attention to environmental protection, economic development and social wellbeing.

However, continuing progress is needed on legislative frameworks; policies and practices;
workforce development; equitable resource distribution; environmental protection; local
capacity; mineral resource surveys; and deployment of state-of-the-art technology.
Institutional collaboration among key entities will be essential. Knowledge exists, but the
implementation models are lacking.

This paper advocates collaboration using a cluster approach to: establish common
objectives for responsible and sustainable development; explain clusters, identify examples,
and their benefits; share Canada’s experience, including catalyzing Ontario’s mineral industry
cluster; and proposes a framework for action applicable to Turkey’s mining and mineral

sector.

1 INTRODUCTION
1.1 Background

The unprecedented demand for mined
minerals has resulted in demands for
environmental protection and social and
political engagement. The result has been an
increase in global efforts to develop
“sustainable” and “responsible” mining.

Over the last decade, achieving the
responsible and sustainable development of
minerals has attracted attention from
governments, the mineral industry and its
associations, academia, development
agencies and civil society organizations from
around the world. Mining jurisdictions now
aspire to develop their mineral endowments
with a balance between environment
protection, economic development and the
social wellbeing of the communities most
affected by mining.

At the same time, there is wide spread
recognition that achieving responsible and
sustainable development is a complex
undertaking, and that progress is required on

many  fronts, including: legislative
framework; policies and practices; skilled
workforce development; equitable resource
distribution; environmental protection; local
capacity; infrastructure; information on
mineral resources; and the deployment of
state of the art technology.

To make progress on these fronts,
institutional  collaboration among key
entities such as governments, the mineral
industry and its associated organizations,
and academic and educational institutions is
required, where institutional collaboration is
defined as the ability of organizations to
work cooperatively and collaboratively.
Institutional collaboration is crucial for the
simple reason that it is beyond the sphere of
authority, capacity or control of any one
entity, neither the government nor private
sector alone can achieve goals relating to
responsible and sustainable development.
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1.2 Making Progress

While sustainable development has become
a major concept driving reform in legislation
and regulation; mining companies have
introduced corporate social responsibility,
development agencies such as the World
Bank, the International Council on Mining
and Metals (ICMM)and the World Economic
Forum (WMF), have developed resource
materials, the educational institutions have
introduced sustainability programs and have

established sustainable development
institutes.
The Government of Canada has

announced a strategy “The Building the
Canadian Advantage Strategy” to encourage
the Canadian companies in extractive sector
operating in other countries to support and
adhere to the principles of corporate social
responsibility.  (Department of Foreign
Affairs & International Trade Canada, 2009)

Also, the Government announced, as part
of its Economic Action Plan 2012, a plan for
Responsible Resource Development which is
aimed at streamlining the review process for
major economic projects and “to create
skilled, well-paying jobs in cities and
communities across Canada, while
maintaining the highest possible standards
for protecting the environment”. (Natural
Resources Canada, 2012)

The OECD's Sustainable Development
Project is aimed at striking a healthy balance
between striving for rising income and
ensuring due regard to environmental and
social issues. The Mining, Mineral and
Sustainable Development Project initiated by
the World Business Council for Sustainable
Development has as its objective identifying
how mining and minerals can best contribute
to the global transition to sustainable
economic development. The Global Mining
Initiative (GMI) was established by mining

multinationals to promote sustainable
economic development around natural
resources.

Mining roundtables and workshops are
now held on a regular basis focusing on
sustainable development, corporate social
responsibility and environmental
sustainability. For example, environmental
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sustainability =~ and  corporate  social
responsibility were high on agenda on the
recently held Canadian Mining Roundtable
Meeting in Istanbul in February 2012.
(Mining Turkey, 2012b).

Leading Asset Management firms will
participate in a panel on Sustainability and
Investors: a critical relationship to discuss
how environmental, social and governance
factors link to a company's long term
profitability. (International Mining and
Metals Council, 2013)

An extensive body of knowledge and a
vast amount of resource material on
sustainable development exist, resulting in
greater public awareness and expectations
for  equitable resource  distribution,
environmental sustainability and economic
and social well-being of the resource
dependent communities affected by mineral
resource development.

In spite of all this progress, advancing
sustainable development objectives,
especially in developing countries, is slow.
“In the 1980s, foreign investment in the
large scale commercial mining industry
boomed in many developing countries. In
spite of this, a similar boom in sustainable
development has not taken place. Large
scale commercial mining in resource rich
developing  countries must not be
discouraged, but rather be developed by
involving all stakeholders (companies, host
country governments, donors and NGOs) to
foster economic development in a just and
sustainable manner” ( Bourgouin, 2011).

Similarly in its recent report the World
Economic Forum identified the need to
establish  “collaborative  processes for
stakeholder engagement”. Yet there is a
scarcity of tested model and frameworks
which have been successfully used in a
sustained manner to bring all stakeholders
together to achieve sustainable development
objectives.

In a recent discussion, the panel of experts
of the Guardian Responsible Business
discussed the issues and impacts around
responsible mining. “Governance
weaknesses are a challenge” and “Efforts
where government, industry, development
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partners and civil society stakeholders come
together to work towards improving public
sector capacity will be the most effective."
(Guardian Responsible Business, 2013)
Against this backdrop, the purpose of this
paper is to introduce an approach which
brings together the key entities, provides a

collaborative platform for constructive
dialogue and 1is inclusive: the cluster
approach. It has been used successfully in

over 30 countries to set the context for a
dialogue which explores the risks and
challenges which can have a major impact
on achieving sustainable development
objectives and orderly and responsible
mineral resource development.

2 SUSTAINABLE MINERAL
RESOURCE DEVELOPMENT

2.1 Definitions

According to the United Nations,
sustainable development seeks to meet the
needs and aspirations of the present without
compromising the ability to meet those of
the future. Far from requiring the cessation
of economic growth, it recognizes that the
problems of poverty and underdevelopment
cannot be solved unless we have a new era
of growth (United Nations, 1987).

The Global Development Research Center
lists many definitions of sustainable
development on its Definitions website at
www.gdrc.org/sustdev/definitions.html,
including sustainable development as
maintaining a delicate balance between the
human need to improve lifestyles and
feelings of well-being on one hand, and
preserving the natural resources and
ecosystems on which we and future
generations depend.

Three main areas emerge from these
definitions of sustainable development:
economics, the environment and the society.
The objectives of sustainable development
can be defined as ensuring that mineral
resource development results in the equitable
distribution of economic profits (not the
greatest benefits for the few at the expense
of others) and leave a net positive

environmental legacy (e.g., parks, wetlands,
fertile farmland, enhanced biodiversity and
the removal of contaminants); that will
benefit the people and communities most
affected by mining activities (e.g., income,
employment, training, infrastructure
development).

An orderly and responsible development
of mineral resources integrates stakeholder
engagement, community  development,
environmental best practices, responsible
resource use, respects for human rights, and
provides fair labour conditions and health
and safety standards. It helps parties to
express their interests and concerns in a
constructive and proactive way and identify
areas of mutual benefits. The ideas is to
contribute to the prevention or resolution of
conflicts and ultimately to the economics
and social development of a region in a
responsible environmentally manner. The
World Economic Forum’s report on
advancing responsible mineral development
proposes six building blocks which can be
applied throughout the mine life cycle
(World Economic Forum, 2011).

2.2 Global Trends, Risks, Constraints and
Challenges

The developed world is coming to realize
that current modes of mineral extraction and
processing are not sustainable. The mining
sector is an intensive user of energy, water
and land at a time when competition for
these resources is increasing. The sector is
also a significant generator of emissions and
environmental waste.

There is also increasing scrutiny of the
mineral sector‘s social and environmental
performance as governments around the
world seek a larger development dividend
from mining activities. Many governments
are now seeking a greater take from the
sector through mandated beneficiation,
export levies and limits on foreign
ownerships. More assertive communities are
seeking their fair share and community
protests are not confined to the developing
countries but are also taking place in
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developed countries such as Australia,
Canada, Finland and the US.
The mounting rehabilitation costs

associated with post-extraction cleanup are
estimated in $$$ billions. And the short
term volatility of commodity prices can
make it increasingly difficult for both
governments and companies to cost out the
full lifecycle risk/reward equation for future
mining projects in a way that facilitates
broadly based economic growth. Mining
projects around the world are being deferred
or delayed because of uncertain or unknown
factors in the cost/benefit equation.

The transformation of mining sector
governance to cope with this new situation
has been slow, specifically in the areas of

broad based economic empowerment,
community involvement and equitable
distribution of  resource benefits.

Consequently, labour disputes and unrest,
and illegal strikes are on the rise worldwide.
Inadequate mining community social and
living conditions increasingly  attract
attention. And the broader public/private
governance of legacy issues, the adverse
impact on broader communities (including
displacement and  relocation), the
environment, wildlife, and crops, has yet to
be effectively addressed.

The capacity of existing governance
systems is often just not up to present day
challenges. The need for innovation cannot,
generally, come from the closed and highly
focused governance mechanisms inherited
from the past, where a private minority have
harvested a disproportionate level of benefits
while the public majority have inherited a
significant share of the degradation. While
this economic disparity continues to exist,
and even grow within and between countries
within new extraction ecosystems, local
social unrest and upheaval will continue.

However, resource scarcity is increasingly
a significant motivator of change in this new
and more complex equation. It is leading to
both short term policy and longer term
governance responses beyond immediate
cost/benefit equations. These include
resource nationalism, and attempts at
engagement and collaboration to define
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business and community interrelationships
affecting: skills development and workplace
participation; land, water, energy
management; the impact on crops, wildlife
and the broader ecosystem; downstream
minerals and metals processing and the
impact of extraction and processing on
community health and climate change.

The risk in all of this is that short term
policy initiatives trump the evolution of
longer term governance frameworks. A
fundamental expression of this complex
cocktail of issues frequently appears as the
widespread dissatisfaction with the benefits
received from mining. Ernst and Young lists
ten risks facing the mining sector, including
cost inflation, capital management and
project execution, the social license to
operate, price and currency volatility, and
access, fraud and corruption (Ernst & Young
Annual Report, 2012-2013). And resource
nationalism, as a policy response, is rated as
the number one risk.

2.3 Cluster Definition and Evolution

A number of Cluster definitions exist.
Basically a group of inter-connected
companies and associated institutions in a
particular field are linked by commonalties
and complementarities (Porter and Stern ,
2001).

The evolution of Mining and Minerals
Clusters: First, natural resources are
extracted and exported with minimal local
processing, and machinery and equipment
are imported. Then, processing and export
activities are initiated with local production
of some inputs and equipment. And finally
clusters begin exporting some of the goods
and services that they originally began to
produce for import substitution purposes;
then all types of goods and services are
produced locally and are exported.

Some 30 countries deploy clusters,
successful examples exhibit a direct
correlation between clusters and prosperity;
productivity and productivity growth are
fundamental drivers of prosperity, and
innovation is the key driver of productivity.
But innovation does not happen in isolation.
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For example, any new breakthrough in
technology or new  product from
concept/idea to market requires several
organizations working together.

The Innovation and the commercialization
of new technologies occur disproportionally
in clusters, and clusters can provide a
stabilizing force and an engine for growth
and a positive identity for the region.

Clusters are a driving force in increasing
exports and are magnets for attracting
foreign investment. Porter asserts that a
nation can be prosperous and productive in
virtually any field. What matters is how a
nation competes, not what industry it
competes in. We need to stop thinking that
traditional industries are bad and that the
nation must move into high tech (Mining
Consultancy International, 2012).

2.4  Clusters
Collaboration

Promote Institutional

Mining is a complex and interdependent web
of businesses and organizations. The
schematic diagrams of the Ontario’s Mineral
Industry Cluster and the Linkages show
mining complexity, scope and
interdependencies of players. (Singh and
Evans, 2009b). Institutional collaboration
requires all major entities to work together
collaboratively. Competitive advantage of
one sub sector or organization reinforces the
other.

The cluster approach is an inclusive and
integrated approach to creating a sustainable
economic development. It requires all key
entities/players (e.g., such as government,
private sector organizations, research and
educational institutions, NGOs and business
associations) to work together (Ketels and
Memedovic, 2008). It breaks down ‘silos”,
brings together partners and stakeholders
who otherwise will not come together and
provides  collaborative  platform  for
constructive. For example, working in a
cluster environment provides business
leaders access to government officials,
enabling them to influence policies and
programs that affect their sectors and
industries. It provides government officials

access to top business leaders to proactively
seek and receive their advice and input on
major policies. It provides industry leader’s
access to researchers and academics to
convey their requirement for applied
research. It provides suppliers access to
major mining companies to understand their
requirements for products and services. And
it enables business associations to influence
major public policy directions. The cluster
approach promotes a paradigm shift from
“control to engagement” and from ‘conflict
to consultation”. It requires a shift from
“looking after our patch” to a “broader view
of responsibility” In clusters, the sum is
greater than its parts.

Governments use their “Power of
Convocation” to bring together the players
mentioned above to engage them and create
a sense of urgency. Usually the government
act as “broker” “facilitator’ and as a
“Conveyor”. The cluster building process
involves private sector and community
driven leadership. Successful clusters need
staying power, often taking a decade or more
to mature.

Clusters are typically launched through
sponsorship and advocacy and are sustained
through energy and momentum. They are
not about direction and control. They are
enablers of innovation through interactive
dialogue, exploration and discovery based
on a common commitment, language and
platform of engagement.

The Government of Canada has
committed millions of dollars to cluster
building initiatives over a decade to fan the
spark of innovation in eleven communities
across Canada (National Research Council,
2009). A number of examples of clusters
based on natural resources and the roles
played by major entities such as the
government, industry associations and
research and educational institutions and
others can be found in both developed and
developing countries. (Ketels and
Memedovic, 2008).
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3 ONTARIO MINERAL INDUSTRY
CLUSTER DEVELOPMENT

The Ontario mining industry is a major
contributor to the provincial and national
economy. It has an experienced workforce
and a commanding international reputation
for its technology and innovative capacity.

But the public and political perception is
that mining is a legacy industry in a sunset
sector. The sector, beyond its strengths, also
had enduring issues with access to land, land
tenure and  Aboriginal rights. And
overcoming challenges in a multi-ministry
and multi-jurisdictional government
environment can, of itself, be a barrier.

The first efforts to catalyze the Ontario
Mineral Industry Cluster took place at a
forum in Toronto in February, 2003. The
Forum was sponsored by the Ontario
Ministry of Northern Development and
Mines and attracted approximately 80
participants  directly and/or indirectly
involved with the mining industry, from
presidents of large and small mining
companies to Northern Ontario mayors,
college presidents and prospectors. Some
eleven sectors (financial services, junior and
senior exploration, mine operations, R& D,
mine equipment suppliers, analytical and

metallurgical, consulting, technology,
colleges, universities and mining
municipalities) were present, and each

presented their perspective of the strengths,
weaknesses, opportunities, threats facing the
mining cluster. A summary of that analysis
is shared here as it may be instructive to the
Turkish mineral sector (Mills, 2003).

3.1 Strengths

In 2003 (and continuing to the present),
mining is a $5-billion industry in Ontario,
and the largest producer of non-fuel minerals
in Canada. The mineral potential of the
province’s geology remains high. All levels
of government are stable and offer consistent
support to industry through an established

Mining Act.
Infrastructure is developed, and the
industry’s  collective  technology  and
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innovation capabilities are in place. The
industry is among the top ten most
innovative industrial sectors in Canada with
a successful R&D track record. There are
well established research centres and
leadership. The Ontario mining industry also
has an experienced labour force.

Mature support sectors exist, with a
mining financial infrastructure in Toronto, a
comprehensive array of mining equipment
and services companies, with technical
knowledge among the highest in the world.
The environment and health and safety are
established industry priorities, and Colleges
provide workplace ready, entry level
employees. Canadian mining school
university graduates have a strong reputation
in Canada and worldwide. There is easy
access to U.S. capital markets.

3.2 Weaknesses

In 2003 the Canadian mineral and financial
industry was perceived as over-regulated.
Business case development suffered from
long lead times to production, and was often
held back by a need for better infrastructure
(i.e. roads) in northern areas. Access to
capital for expansion initiatives was costly,
and funding for exploration could be
difficult to obtain. The cyclical nature of the
business was leading to a boom-and-bust
mentality, making it difficult for smaller
organizations to sustain themselves through
the slow periods.

Foreign equipment manufacturers threaten
the strength of domestic suppliers, and the
industry approach to mining education was
not generating sufficient numbers of
workforce participants. This was limiting
the industry’s ability to build on its
strengths.

The lack of access to land further
inhibited exploration. A great deal of
uncertainty existed around land tenure and
Aboriginal rights.

3.3 Threats

The entire spectrum of mining companies
and equipment suppliers was under the
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constant threat of foreign takeovers, and
global competition was increasing in all
sectors. Globalization of the industry meant
the potential fragmentation of opportunities,
and overlapping government regulations,
including environmental regulations, was
creating undue complexity and uncertainty.
A heavy tax burden and a lack of
incentives discouraged investment, and
uncertain commodity prices affected the
willingness of companies to invest in
research and development and exploration.

3.4 Opportunities

In 2003, the Ontario mining industry was
perceived as lacking a champion. All of the
necessary players to create a cluster were in
place but competition was dissuading
cooperative cluster initiatives. However, a
cluster was needed to create a holistic
industry strategy that included governments,
industry, labour, educational institutions and
others.

It was perceived that a cluster could
benefit society long past the extraction of the
resources; create employment and attract
people and investment to Ontario; resolve
conflicts over land rights with First Nations;
lead to improved infrastructure and more tax
incentives; help realize the benefits of
increased investment in technology and
innovation; identify new export
opportunities; help international student
recruiting and university research efforts;
and create a market for highly technical
value-added services in new areas.

3.5 Approach

In 2004, the Ontario Government announced
the creation of the Ontario Mineral Industry
Cluster Council (OMICC). It was mandated
to foster a sustainable and rising standard of
living from Ontario's rich mineral
endowment; lever the current mineral
industry assets to create a larger and more
globally competitive cluster of mineral and
related industries and organizations; and to
bring together the cluster of mineral-related
industries and organizations that must

compete and cooperate to win more
prosperity. Council membership was drawn
from key sectors, including: exploration,
major mine operators, service & supply
sectors, R & D institutions, educational
institutions and industry associations.

The Ontario Government saw the Ministry
role as “facilitator”, bringing together
partners in a productive dialogue and as a
“sponsor” of a catalyzed mineral industry
cluster with a five year time horizon. The
priority was to promote clusters through
legislation, policies and incentives and
encourage public/private partnerships to
enhance them. In the longer term, the
ambition was to develop cluster energy and
momentum through “seed” funding of
initiatives such as a Centre for Excellence in
Mining Innovation (C$20 million: C$10
million from the provincial government
followed by C$ 10 million from two major
mining companies) with a ten to fifteen year
timeline.

During the first five years, the Ministry
maintained a program of cluster assessment
to track the influence of clusters on
improving competitiveness of industries, and
held regular forums and workshops to
improve participant capacity to engage and
develop social capital. But the priority was
always to create the longer term cluster
capacity, not to develop specific near term
strategies and deliverables. A few notable
achievements of the Council include: the
establishment of the Centre for Excellence
for Mining Innovation; the Federated school
of Mines, the Mineral development Strategy
and a number of tools and products which
raised profile of mining, improve public
perception of the mining, advocated resource
benefit sharing with the First Nations
communities, a long standing issue. More
importantly, a broader and wider view of the
mining and mineral development was
promoted through the cluster lens.

4 MINING IN TURKEY AT A GLANCE

Turkey has diverse mineral deposits due to
its complex geology. The country is a major
producer of a great many industrial minerals.
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The sector contributes  significantly
economic and social development. It
contributed 8.6% directly to GDP in 2010.
With an indirect multiplier, the contribution
is closer to 19%. Investor friendly
government policies have paved the way for
international mining companies to increase
their exploration efforts.

Turkey’s mining industry has gone
through dramatic changes. Only 15 years
ago, 85% of the mining operations were
controlled by the state; today the ratio has
been reversed. Positive developments that
have taken place include diminishing
government intervention, liberalizing
economic sectors, implementing a floating
exchange rate policy, loosening import and
export regulations, encouraging foreign
investments, deregulating financial markets
and privatizing public entities, and
decreasing the GDP share of the public
sector.

Despite its recent mining reforms,
Turkey’s production of base metals is still
unable to meet the needs of the booming
national economic. For example, Turkish
gold mining has not been able to keep it the
pace of booming international demands for
gold (Mining Turkey, 2012d).

The mining sector needs to be competitive
in terms of technology and skills. Over the
years the mining industry has made major
investments in organizations such as
universities and science council, but more
need to be done. The export of un-
beneficiated material, rather than finished
products, continues.

Growing  mineral exploration and
operations need a vibrant service and
equipment supplier base. The main focus
has been on the exploration and exploitation
activities. Almost all of the minerals deposits
in shallow environments have been
discovered and consumed. Therefore
exploration for deeper deposits has gained
priority. Turkey adds little value at the end
of the mining value chain. The country has a
limited processing capacity.
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4.1 Turkey on an Upward Trajectory

Turkey has emerged as a key regional and
global player politically. It has surpassed
many of its rich Middle Eastern country
counterparts and its debt-burdened western
neighbors, who have stalled its membership
to the European Union. Turkey plays an
important role in the international market.
“Despite the economic crises all over the
world and instability in the Middle-east,
Turkey’s export sales value hit the record
high of Turkish Republic history” (Mining
Turkey, 2012a).

Turkey is increasingly integrated into the
global economy and the Turkish economy is
expected to grow in excess of 4% in the
coming year (Economist, 2012). Neither the
domestic financial crisis 2001, nor the more
recent global financial crisis managed to
stall the anticipated growth rate. The country
ranks 17" in the world in terms of nominal
GDP and Prime Minister Recep Tayyip
Erdogan has vowed to make it one of the
world’s 10 biggest economies by 2023, the
100™ anniversary of the Turkish republic
(Mining Turkey, 2012c).

4.2 Transforming Turkey’s Mining: A
Call for National Cluster Strategy

“The mission of the Ministry of Energy and
Natural Resources is to realize a
restructuring of the mining sector in order to
achieve  environmental friendly and
sustainable development. We also have to
put in place contemporary standards in terms
of job security. By uncovering the country’s
mineral reserves, our final aim is to
transform Turkey from a country that
produces and sells raw materials into a
country that is industrially integrated and has
a voice in the world market in terms of high-
value products” Taner Yildiz, the Minister
of Energy and Natural Resources,

As noted in the above statements by
Minister Yildiz, Turkey needs to transform
its mining to achieve sustainable
development, ensure responsible mineral
resource development, and to develop and
export value added products, thereby
securing a place in the world market.
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Incremental improvements and reforms can
only go so far. A deliberate and focused
cluster  development  strategy, used
successfully around the world, is warranted.

Given the complexities and multitude
challenges and constraints associated with
transformation, no single entity can address
and make advances towards achieving
targeted outcomes. On the other hand, if
each contributes within its spheres of control
or expertise then the collective efforts of all
can surely prevail. A cluster strategy can be
developed to leverage Turkey’s inherent
strengths; support national priorities and
government policies;, ensure sustainable
development  goals; incorporate  best
practices; secure private sector organization
participation and focus on areas of
improvement that are of national
significance to its citizens.

4.3 Proposed Governance Structure for
the National Cluster Strategy

A choice of governance models exists for
developing and executing a national cluster
strategy. In some cases it is led by the
government, in other case by the private
sector, and in some circumstances a public
private partnership might be appropriate.
That choice depends on the readiness of the
participants. But experience suggests that
private sector led governance structures
supported by government are most effective.
In all cases both the private and public
sectors active participation and collaboration
are critical.

Key components of the governance
structure include its leadership council; its
secretariats and subcommittees, and its
platform developers.

4.3.1 National cluster leadership council

Members of the council are drawn from all
key  entities including  government,
businesses, associations, educational and
research  institutes, NGOs, industry
association, and any other group that has an
vested interest or which can contribute to the
“greater good”. Both the leadership and the
membership need to be periodically rotated.

The members bring expertise in their
respective areas but need to rise above own
interest and advance the interests of the
entire cluster not the interest of their firm or
business. The leaders must have credibility,
both in the industry and the community they
live in.

The Council mandate is broad and would
include initiatives and projects which would
make the mineral industry competitive. It
provides direction and oversight. It takes
ownership for strategy frameworks and
implementations, and momentum building.
Members commit their own time, secure
funding and  resources for  the
subcommittees, champion the cluster agenda
publically and resolve any issue and matters
and foster the energy that sustains
momentum. The Council would meet 4 times
a year and host an annual Cluster forum. It
is proposed that, in view of business
sophistication, a National Mining Cluster
Strategy Council be private sector led.

4.3.2 Secretariat

This serves as an “engine” and provides
executive support and services. It mediates
the top down council and bottom up working
groups. It prepares and  monitors
implementation plans, prepares budget and
manages projects. In some case, secretariat
support is provided by the government.

4.3.3 Subcommittees

A number of subcommittees are established
to support council’s work. The members of
the subcommittees come from all key
entities. At the subcommittee level is where
the bottom up innovative thinking takes
place and where strategy gets validated and
or reshaped in keeping with evolving
priorities of the Council.

4.3.4 Platform developers

The Leadership Council needs to ensure a
common purpose exists for cluster
development. A group needs to be tasked
with identifying the platforms and tools that
will enable ongoing dialogue and for
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recording and sharing work in progress and
potential outcomes.

4.4 An Approach to Implementing the
National Cluster Strategy

Beyond the content, how to execute a
National Cluster Strategy is equally
important. It is proposed that the national
government  Turkey  announces  the
establishment of the private sector led
leadership at an inaugural cluster forum. The

Leadership Council develops vision,
mandate,  strategic = imperatives  and
established subcommittees. Subcommittees

then prepare action plans that are rolled into
a single implementation plan, which is
announced at a second cluster forum.
Periodic reviews of the effectiveness of both
the Leadership Council and implementation
should be undertaken by an independent
agency

5 THE WAY FORWARD

Over the past decade, sustainable
development has  gained  significant
importance but progress remains
disappointing, especially in developing
countries. The mining sector faces

challenges and constraints which act as
impediments towards achieving sustainable
development  goals.  Overcoming the
complexities and the challenges is beyond
the sphere of any one entity. Institutional
collaboration is critical to progress. A
cluster approach is proposed to facilitate and
promote institutional collaboration in Turkey
to achieve sustainable development goals
and to transform its mining, an espoused
national goal.

Empirical evidences and case studies from
around the world show that natural resource
based clusters promote economic progress
for all as "the whole is greater than the sum
of the parts".

It is imperative that government and
private sector leaders and other entities in
Turkey work together to advance the
objectives of the sustainable development
that will result in mineral resources being
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explored, developed and used in a manner
that supports the distribution of wealth close
to the resource areas, protects the
environment and promotes positive values
(social equity, social justice and democracy),
and recognizes and builds upon the best in
its culture and history.

Turkey’s success in transforming its mineral
resource endowment into a global
competitive advantage will depend on its
ability to catalyze its mining.

Development of mineral resources has
been identified as a key driver of global
economic growth with the potential to
transform economies and societies, including
some of the world’s poorest nations.

A coordinated National Mining Cluster
Strategy is essential for unleashing Turkey’s
rich mineral endowment; to make its
industry more competitive and to boost
innovation.

A dynamic and transformative mining
cluster can contribute to the ambitious goal
of making Turkey the 10" largest economy
by 2013 on its 100" anniversary as espoused
by the Turkish Prime Minister.
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ABSTRACT Low cost surveys as geological mapping, short manual drillings and
geophysical research was done for kaolin clay bodies’ detection. In Liasic quartzite
sandstone, effected geophysical measurements (resistivity method by VES measurements)
had discovered two kaolin clay bodies (very large lens) in the 100 m investigation depth
limit. The geological interpretation of geophysical data processed on geophysical sections
and maps of the bodies are made according to mapping, drilling and old mining information.

A second stage of drilling network program was proposed by geological mapping,
geophysical interpretation and after a short drilling control.

Key words: kaolin clay, kaolin clay body, Tomnatic kaolin clay deposit, geophysical

investigation

1. INTRODUCTION

On the 50.000 m’ area, part from its
property near Tomnatic village. Padurea
Craiului  Mountains  (Bihor  County,
Romania), S.C. BRUMA S.R.L. Company
complex investigations to detect kaolin clay
bodies had executed.

The information about the kaolin clay
existing in Tomnatic area come from the
survey effectuated in the middle of XX
century, but palpable data was lost.

Geological mapping and manual drillings
did not discover kaolin clay bodies but
geological mapping had specified the
geological formation (and in it the depth
level), who hosted, in the Suncuius
neighbour perimeter, kaolin clay strata and
large lens.

2 THE LOCATING OF TOMNATIC
RESEARCH PERIMETER

2.1 Geographical Aspects

From geographical point of view, the
Tomnatic village, where is located research
perimeter (see fig. 1), is placed in the centre
of the Padurea Craiului Mountains (Western
Carpathians), on a large and lower plateau.

In the interior of the Tomnatic perimeter
exists Cross Hill, with the maximum altitude
of 723,90 m.

The field headquarter building topographic
coordinates are 46°06'13” N latitude cross
with 22°53'62” E longitude.

2.2 Administrative Aspects

The Tomnatic village is component part of
the Vadu Crisului commune (Bihor county),
together with Vadu Crisului, Birtin si Topa
de Cris villages.
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Figure 1. Access to Tomnatic perimeter
(after Road and touring atlas, 2005). ( © =
research perimeter).

The access in Tomnatic perimeter can be
done on secondary roads, detached from two
European roads (fig.1): E 60 (Oradea —
Alesd — Cluj) or E 79 (Oradea — Beius).

Many railway stations exist along the

Crisul Repede River, connected with
secondary roads.
3 GEOLOGICAL CONTEXTS

3.1 The Framing
structural Context

in Romanian Geo

There are two distinct geo tectonic domains
into which the major Romanian geologic
units can be separated, within a larger,
Central East European geo structural context
(Mutihac and Mutihac, 2010): Carpathian
area and pre-Carpathian Domain (Carpathian
vorland).

The Carpathian area, corresponding to the
active southern margin of the Euro-Asiatic

Plate, folded during the later Alpine
orogenesis, is constituted from three
branches of the Romanian Carpathian

Mountains (Eastern Carpathians, Southern
Carpathians and Apuseni Mountains), the
Transylvanian Depression and eastern
margin of the Pannonian Depression.
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The Tomnatic research perimeter is
located Padurea Craiului Mountains, an
component part of the Southern Apuseni
subunit, Apuseni Mountains geological unit.

3.2 Geology of the Tomnatic Perimeters
and Environing Zones

3.2.1 Geological formations

In the Tomnatic perimeters and surrounding
area there are inferior Liasic and inferior
Cretaceous sedimentary deposits (fig. 2).

The Liasic deposits are constituted from
conglomerate, sandstone, clay and limestone.
Inferior Cretaceous deposits are formed from
marl-limestone, some limestone types,
schistose  clay, marl, conglomerate,
sandstone.

Strictly, at the surface of the Tomnatic
perimeter exists only two geological
formations: Hettangian — inferior Sinemurian
(limestone breccias, sandstone and quartzite
sandstone, micro conglomerate,) and upper
Sinemurian —  Pliensbachian  (sandy
limestone, loamy limestone). In the
geological map from figure 2 is represented
the upper part of the Pliensbachian, named
Domerian. The he-si; / si, - do limit across
the Tomnatic perimeter.

3.2.2 Tectonic aspect

In the surrounding area exists many faults
who generates compartments (horsts and
grabens) at depth different levels.

The structure of these compartments is of
monoclinic and large folded sedimentary
formations. Every compartment is displaced
by other small faults.

Tomnatic research perimeter is not
affected of important tectonic movements.
In the southern adjacent area exists a very
large anticline, who raises to surface, in the
axial part, Hettangian — inferior Sinemurian
deposits. The perimeter structure is a large
anticline.
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Figure 2. Tomnatic perimeter (red rectangle) and
surrounding areas on geological map (1:50.000). qp;
= inferior Pleistocene (gravel, sand), pPg; =
Paleocene riolite; ap = Aptian (limestone, marl); ne
— ap; = inferior Aptian — Neocomian (limestone); th
= Tithonic (limestone); cl, — th = Tithonic - medium

4 FIELD EFFECTED RESEARCH
4.1 Geological Research

4.1.1 The existence possibility of the kaolin
at the ground surface

Three possible origin of the kaolin was
investigated: deposition from hydrothermal
solutions, alteration of feldspar rocks and
sedimentation genesis.

The hydrothermal solutions (hot, with
acid pH) did not circulate in geological times
in  Tomnatic perimeter to laying
metalliferous ore deposits (where kaolin is
usually gangue material) or altering
(kaolinisation phenomenon) the rocks.

The rocks with high feldspar minerals
content do not exist at the ground surface in

P

]

Callovian (limestone); cl, — km = Kimmeridgian —
medium Callovian (limestone); si, — do = Domerian
— upper Sinemurian (limestone); he + si; = inferior
Sinemurian — Hettangian (breccia, sandstone).
(Geology after Romanian Geologic Survey, with
modifications, 1:50.000 scale).

Tomnatic perimeter to be weathering by
atmospherics factors (rainfall water, air,
carbon dioxide) or underground water (with
carbon dioxide and hydrogen sulfide) in
organic environ and to be concentrate in
kaolin bodies.

Surface waters (rivers, lakes) do not exist
in Tomnatic perimeter to be possibly a
sedimentation genesis (kaolin transport and
deposition).

Geological mapping and short manual
drillings had confirmed these considerations
and did not discover kaolin or kaolin clay
bodies at and near surface ground.

4.1.2 The possible kaolin existence in depth

The kaolin existence possibility in depth,
without the drillings execution, was solved
after it was studied in scientific literature.
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V.Brana (1967) had presented Suncuius
kaolin clay deposit (refractory or non
refractory clay) in a similar structure near
Tomnatic perimeter (fig.3).
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Figure 3. Vertical geological sketch in the
Suncuius kaolin clay deposit. 1 — white
limestone (Norian); 2 — red clay with
sandstone and limesone fragments; 3 —
productive horizon (sandstone, clay); Li -
inferior Liasic; 4 — kaolin clay bodies; 5 -
black limestone (medium Liasic); 6 -
exploring boreholes; 7 — research and
mining works (after Brana, 1967).

The Suncuius village (fig. 1) is located at
approximately six kilometers north east by
Tomnatic perimeter. In this deposit (fig. 3),
kaolin clay allonged lens or strata are
presented in inferior Liasic formations.

They have up 200 m length and 0,2 — 6 m
thickness.

Ianovici et al. (1976) specify, in Padurea
Craiului Mountains, the existence of the
kaolin contribution phase in the Hettangian
quartz sand sedimentation. The authors
divide Hettangian — inferior Sinemurian in
three litho-stratigraphic units:

a. the basis of Hettangian: 50 - 60 m
thickness of red clay with sandstone and
limestone fragments (breccias);

b. Hettangian: 100 — 180 m thickness of
sandstone and quartzitic sandstone, with
kaolin clay intercalations; at the upper
part exist quartz microconglomerate;

¢. Inferior Sinemurian: 40 - 60 m
thickness of clay, marl, sandstone,
quartz sandstone.
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They limit the existence of kaolin clay
intercalations from inferior Liasic (Brana,
1967) to Hettangian.

M. Marinescu (2003) signalizes the
existence of the refractory clay in Dealul
Crucii perimeter and adjacent perimeters:
Carmazan, Recea — Rujet, Suncuius
(Balabca, Recea, Dumbrava, Dealul Simion,
Taul Rosu, Butan-Astileu, Damis, Rosia-
Albioara sectors).

In this situation, it had appeared the
necessity to detect, in the Hettangian
deposits, under the quartzite micro
conglomerate discovered in Tomnatic
perimeter, elongate kaolin clay lens (or
strata) by rapid geophysical methods.

4.2 Electrometric Investigation Approach

Given the indicated conceptual model, one
electrometric methods has been assumed
appropriate providing relevant information
about kaolin lenses (bodies) morphological
and physical parameters.

4.2.1 Geophysical premises

The conceptual structural model supposes
here two low resistivity levels laying
intercalated on high resistivity bedrock.

In apparent resistivity domain the clays
with iron oxides and some silicates content
have relative low average values between
250-450 Qm toward limestone and quartzite
sandstone average values between 600-700
Qm. This is an adequate petro physical
contrast for some low resistive level in
bedrock [Botezatu, 1987].

Extreme resistivity values between 1000-
1800 Qm belongs to some limestone and
sandstone compact or karstic inactive wet
zones. According to drilling and mining
Suncuius clays older exploitations the
geological model of clays level thickness
are between 0,10-5,00 m, maximum 22,00
m. The low Liasic level have here a 50,00-
150,00 m thickness with 3-15 clays
sublevels.

The standard deviation in resistivity and
clay levels parameters estimation is
generally speaking under 10%.
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4.2.2 Geological conceptual model

In the investigated Tomnatic perimeter
exists, in the sandstone and quartzite
sandstone from Hettangian, levels with
kaolin clay intercalations.

The two litho logical deposits, as 100 —
180 m thickness of sandstone and quartzite
sandstone and its kaolin clay intercalations
up 200 m length and 0,2 — 6 m thickness
represent geological conceptual model who
will be take in consideration.

4.2.3 Data acquisition and processing

Resistivity method named VES method
(direct current power vertical electro
soundings) is one of the oldest and more
used electrometric field investigation
technique by a relative low cost and rapid
acquisition and processing of data.

The symmetrical survey device consist in
an four electrodes array: an emission line AB
device injecting an DC (direct current) 400
V and 0,2 mA power (Intensity) in ground
and a reception MN line measuring AV
potential (mV) due to AB current (mA).

Conventional apparent resistivity relation:

pa=TAM . AN /yv - AV/T [Qm]

Cablefar sawitch on
arall ™

Electrode
L. Rall

[ ) T T
4 Field'surfare " ] B
Figure. 4. Schlumberger field measurement
array

The apparent resistivity sections, build on
the measurements by a Schlumberger array,
in prospecting stratified terrains, are
morereal from the point of view of the
spatial resistivity distribution.

Graphical drawing of a litho geologic limit
consist on aligned flexion of resistivity
curves on cross sections (fig. 5 and 6)

surrounding lower values (kaolin clay
bodies).
The same depth information can be

obtained from VES resistivity curve using
computing  methods  [Stefanescu and
Radulescu, 1974].

4.2.4 Data integrated interpretation

The graphical representation by Golden
Software (Surfer 7.0 and 8.0) through
proportional interpolations with the measure
step on the profile (130-170m) and in depth
(5-100m) was made.
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Figure 5. Longitudinal interpretative cross section S1-1, Tomnatic location, Cross Hill zone, t1-t13 — VES

location; S1-1+S7-7 geophysical cross sections; — — — upper clay limit; ss=ss: lower clay limit;

liasic limit si2+do/he+sil.
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The geophysical image, a pseudo section of
aligned profile made by vertical electro
soundings became interpretative from the
moment when the structural, litho logical
and hydro geological elements are drawn.
[Botezatu, 1987].

4.2.5 Geophysical investigation results
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Seven interpretative geophysical sections on
different orientation and two profundity
maps were made using 13 VES field data.

Geophysical measurements have been
arranged on a relative symmetrical network
on 120 000 m square surface around the
cross hill point (fig. 5-8).
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Figure6.Longitudinal interpretative cross section S5-5, Tomnatic location, Cross Hill zone, t1-t13 — VES

locations; S1-1+S7-7 geophysical cross sections; — — — upper clay limit;

liasic limit si2+do/hetsil.

Two low resistivity level were determinate
by statistical and graphical interpretation in

geological terms of cross sections
geophysical images, as follows:
a. 170-700 Qm, maximum 1800 Qm

(average 420 Qm) at 680-700m altitude
(average 685 m). Upper level depth average
is 10-12 m (fig.5, 6, 7). Thickness are
between 0,10 m si 4,8 m with an average
near 1,40 m.

b. 245-900 Qm, maximum 1450 Qm
(average 520 Qm) at 660-680 m altitude
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...... lower clay limit;

(average 675m). Second lower level depth
average is 28-33 m (fig. 9). Thickness are
between 0,10-3,9 0 m with an average near
1,20 m.

c. A possible N-S oriented nearly vertical
fracture in the east side of Cross Hill point
was also detected (fig. 5).

On the geophysical resistivity image this
tectonic element it seems to be a step slowly
lifting kaolin bodies on the southeast part of
the investigated area [Mafteiu, 1996].
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d. These two clay level have a very near ancient relief.
diapason of resistivity values and the kaolin
lenses have an approximate same shape
following the quartzite or limestone bedrock
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- i

Figure 9. Resistivity survey area, Cross Hill, Tomnatic, 1-13 = VES locations; S1-1+S7-7= geophysical cross
sections; O = ancient mine gallery; <® = well; < = survey area; % = prospecting drill location; ¥ = aerial

current line, \\_:_\‘ = roads

The priority of the prospecting works
refers first to two zone, between t3 and t4
VES location and a second zone between t7
and t8 VES location where the first upper
clay level (located altitude 685 m) lays at 3-5
m deep and 5-15 m deep respectively.

The executed prospecting drill (fig. 9), in
a location where the interception depth was
minimum, had confirmed the kaolin content
and the profundity of the first clay lens.
These new parameters obtaining from drill,
was used to refine the first ore deposit
model.

5 CONCLUSIONS

Effected geophysical measurements
(resistivity method by VES measurements)
had discovered two kaolin clay bodies (very
large lens) in the 100 m investigation depth
limit. We consider it needs a drills network
for the research of the both kaolin clay lens.
One from drills must to be executed under
lower lens (located at the average altitude of
675 m). It must to research until the basis of
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Hettangian (red clay with sandstone and
limestone fragments) and to discover
possible new kaolin clay lens.

The drills network will clarify the surface
extending, the thickness and kaolin content
variability and morphologic aspects of the
kaolin clay lenses. In this conditions, the
second step of the research, with preliminary
exploration stage by mechanic drillings it
was strong recommended. Finally, it was
proves again, that the electrometric research
is a very good, rapid and low cost tool in a
preliminary analysis of a future ore deposit
contouring the real shape of this one.
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Resistivity Method Used for the Overlaying Rock Thickness
Determination above Dumitra Salt Body

M. Marinescu, M. Mafteiu
Faculty of Geology and Geophysics, University of Bucharest, Romania

ABSTRACT Near Dumitra village, in Bistrita Nasaud County (Romania), to obtain
necessary detailed data for the exploration project was needful to apply resistivity method on
two perimeters, in the limit of 40 m deepness. Low cost surveys as geological mapping, and
geophysical research was done for overlaying rock thickness detection

In Badenian-Buglovian clays and sands, effected geophysical measurements (resistivity
method by SEV - vertical electric section - measurements) had detected the overlaying rock
thickness and morphology at the salt body upper part. The geological interpretation of
resistivity processed data on geophysical sections and maps are made according to mapping
and old mining pits information.

Interpretative geoelectric sections and maps with the disposition of the overlaying rocks
thickness at the salt body upper part were obtained. The resulted new geological data was
used to project the drilling program of the future exploration project.

Key words: Dumitra salt deposit, overlaying rock, brine level, geophysical investigation,

resistivity method

1 INTRODUCTION

With more 300, Romania is the country with
the most salt deposits in the world. The salt
resources, evaluated only in 25 from these
deposits, totalize approximate 40 milliard
tones (Marinescu, 2003).

The salt formation appears both in inner
and external of the Carpathian Mountains
arch. The salt deposits have a good
exploitation conditions and the quality of salt
is very well (Atudorei et al., 1971).

The information about the salt existence
and extraction tentative in the Dumitra salt
deposit come from the old pits in the middle
of XVIII century. Today, there are some
brine wells and springs in this perimeter.

Geological mapping had identified the
surface extending of the host geological
formation for the salt body.

In this zone, on two perimeters, in the
center-north (I-st future salt mine) and south
(II-nd future salt mine) side of Dumitra
village (Bistrita - Nasaud County, Romania),
complex investigations to detect overlaying

rock thickness and its morphology had
carried out.

2 THE LOCATING OF DUMITRA SALT
DEPOSIT

2.1Geographical Settings

From geographical point of view, Dumitra
village there are in the Bistritei Hills, part of
Transylvanian Subcarpathians (Transylvania
Plateau). The Bistritei Hills are constituted
from hills and three little depressions.
Dumitra village is located in the little
Dumitra — Taure Depression.

1.1 Geological Settings

Geologicaly, the Dumitra salt deposit is
approximate located in the north — east part

of the very extensive Romanian
geostructural unit: Transylvanian
Depression.
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1.2.1 Transylvanian Depression

This unit (Fig. 1) is bordered by the three
branches of the Carpathian Mountains:
Eastern Carpathians, Southern Carpathians
and Apuseni Mountains. Its evolution took
place from the beginning of the Paleogene
until the Quaternary.

The Transylvanian Depression has a
geological  structure with two main
subdivisions (Fig. 2): the pre-Cenozoic

crystalline basement and sedimentary cover.

In the Badenian of the sedimentary cover,
over Dej Tuffs Formation, exists the Salt
bearing Formation. The Dumitra salt deposit
belongs to this geological formation.
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Figure 1. Geological Map of the

Transylvanian Depression. 1 — Quaternary; 2
— Pliocene (N); 3 — Sarmatian (sm); 4 —
Badenian (bn); 5 — Aquitanian—Burdigalian
(m"); 6 — Oligocene (Pgs); 7 — Eocene (Pg,);
8 — Neogene volcanic rocks; 9 —
neighbouring Carpathian units; 10 — gas-
bearing dome fields; 11 — salt massifs; 12 —
depressionary structures; 13 — uplifted
structures (after Mutihac and Mutihac, 2010,
with modifications).

On presented geological map (fig. 1) of

Dumitra salt deposit there is at 12 km north
by Bistrita city, near Eastern Carpathians.
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1.2.2 Geology of the Dumitra perimeters

In the two Dumitra perimeters and
surrounding area there are the Upper
Pleistocene, Volhinian - Bassarabian and
Badenian — Buglovian (Fig. 3).

The Badenian (on map it is named
Tortonian) appears at north of Dumitra
village and is constituted from conglomerate,
Dej Tuff  Formation and Salt-bearing
Formation (ashen marl, salt and gypsum,
schistose clay, tuff, black and blue-leaden
sandy marl).

Directly, over salt, sequential rock is
schistose clay with sand intercalations. It
have an very high radiolarian tests content.
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Figure 2. Generalised stratigraphic column
of the Transylvanian Depression (after
Ciulavu, from Mutihac et Mutihac, 2010)
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Figure 3. Geological map of the Dumitra
perimeter and surrounding area (scale
1:200.000). qp;> = Upper Pleistocene
(gravel, sand); vh+bs; = Volhinian-
Bassarabian (clayysand, tuff); to+b
Badenian-inferior Sarmatian (Buglovian)
(clay, sand, tuff, salt); = syncline, =
anticline (after Romanian Geological
Survey).

Upper part of Badenian is not separated
by inferior Sarmatian, named Buglovian.

The Dumitra perimeters are not affected
of tectonic movements but in southern
adjacent area exist some anticlines and
synclines.

1.2.3 Hydrogeology Dumitra

perimeters

of the

Important aquifers levels there are not above
of the Dumitra salt deposit. But two brine
springs exist in the central and southern
parts of the inquired perimeter. It proves the
infiltration phenomena existence by the
rainfall water to salt underground surface.

On this salt surface the underground
waters circulate, dissolve and create an
complicate flow system. In more after rainy
periods and in only two points in droughty
time, brine appears at surface of the ground
and generates springs.

The determination of this morphology at
the salt body upper part was very necessary.

1.2 Litho structural model

In the two investigated Dumitra perimeters
exists a salt rugged surface, covered by
schistose clay with sand intercalations.

The two litho geological deposits, as
overlaying rock and salt deposit, with the
third transitional component ordinarily
saturated with salt water (brine) represent
geological conceptual model who will be
take in consideration.

2 ELECTROMETRIC
INVESTIGATION APPROACH

Given the above indicated conceptual model,
one electrometric methods has been assumed
appropriate  for  providing  relevant
information.

Exactly 44 wvertical electric soundings
were carry out and finally 9 interpretative
electric sections and 2 maps with the
disposition of the overlaying rocks thickness
and its morphology of the salt body upper
part were obtained.

2.1 Geophysical premises

In apparent resistivity domain the clays and
sandy clays have relative low average values
between 8-22 Qm toward salt deposit
average values between 600-700 Qm or
higher [Botezatu, 1987]. If the overlaying
(coluvial-deluvial) rock is permeable the
groundwater level laying on the top of salt
rock decrease drastically the limit resistivity
(brine is a very good electrolitic conductor
0,2-4,0 Qm).

This phenomenon blure the overlaying/salt
limit on the geophysical cross sections. A
roughly accepted morphological limit by
isocurves modulation is possible to outline
on processed resistivity images.

2.2 Data acquisition and processing

Resistivity method by VES measurements
(DC power vertical electro soundings) is one
of the oldest and frequent used electrometric
field investigation technique by a relative
low cost and rapid acquisition and
processing data.
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The symmetrical survey device (fig. 4)
consist in an four electrodes array: an
emission line A-B (or C1-C2 electrodes)
device injecting an DC (continuous current)
400 V and 0,2 mA power in ground and a
reception M-N (or P1-P2 electrodes) line
measuring AV potential (mV) due to AB

current (mA).
Conventional apparent resistivity (pa)
relation is:
pa =TAM.AN/MN.AV/I [Qm]
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Figure 4. Schlumberger field measurement
array

The apparent resistivity sections, build on
the measurements by a Schlumberger array,
in prospecting stratified terrains, are more
real from the point of view of the spatial
resistivity distribution.

Graphical drawing of a lithologic limit
consist on aligned flexion of resistivity
curves on cross sections surrounding lower
values (overlaying rock/salt limit). The same
depth information can be obtained from VES
resistivity curve using computing methods
[Stefanescu et Radulescu, 1974].

A specific rocks resistivity domains are
agreed in geological interpretation of VES
information (Fig. 5).
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2.3 Data integrated interpretation

The graphical representation by Golden
Software (Surfer 7.0 and 8.0) through
proportional interpolations with the measure
step on the profile (30-70m) and in depth (1-
40 m) was made.

The geophysical image, a pseudo section
of aligned vertical electro soundings became
interpretative from the moment when the
structural, litho logical and hydro geological
elements are drawn. [Botezatu, 1987].

2.4 Geophysical investigation results

Using statistical and graphical interpretation
in geological terms of cross sections
geophysical images, a large low resistivity
level and two different resistivity domains
were estimated as follows:
a. 0,4-4 Qm, maximum 6 Qm (average
0,2 Qm) low resistivity level at 350-360
m altitude (average 355 m). The
saturated level outlines the salt deposit
morphology as a freatic groundwater
corrosion result.
b. The overlaying rock with 10-40 Qm
according to sandy content. The
overlaying rock thickness are between
0,10 m si 6,0 m with an average near
1,90 m.
c. Salt deposit with 4-12 Qm as
apparent values views in the shadow of
the overlaying/salt limit very low
resistivity. [Mafteiu, 1996]. Real salt
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resistivity are between 100-200 000 Qm
measured inside the other salt mines
all over Romania (Slanic-Prahova,
Prahova County; Ocna Dej, Clyj
County; Ocna Sibiului, Sibiu County;
Ocna Mures, Mures County, etc).

Nine interpretative geophysical sections on
different orientation and two thickness maps
were made using 44 VES field data.

Geophysical measurements have been
arranged on a relative symmetrical network
on both surfaces around the brine springs
(Fig. 6-9).
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Figure 6. Interpretative resistivity cross
section S4-4, I-st future salt mine northern
Dumitra village. 1/365-40/409 = VES
locations; - - - = water level; - - - =
overlaying inferior limit; S9-9 = resistivity
cross section.
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Figure 7. Interpretative resistivity cross
section S6-6, I-st future salt mine northern
Dumitra village. 28/397-33/402 = VES
locations; - - - = water level; - - - =
overlaying limit; S8-8 = resistivity cross
section.
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Figure 8. Overlaying thickness map, I-st
future salt mine, northern Dumitra village.
1/365-40/409 & VES locations; = brine
well and spring; S1-1+-S4-4, S9-9 =
resistivity cross sections; C-D = geological
cross section; F6 = proposed exploration
drill.
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In extension of geophysical research
including the whole proposed drilling area
some geological cross section were made as
a result of geological mapping according to
resistivity data interpretation (Fig. 10, 11).

3 CONCLUSIONS

The geophysical expertise separates the limit
between salt deposit and sandy clay
overlaying rock. By these geophysical data
(overlaying thickness maps, fig. 8, 9), without
prospecting drillings, a more realistic drilling
program for salt exploration and for a more
correct resources estimation was possible on

field.
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Figure 9. Overlaying thickness map, II-nd
future salt mine, southern Dumitra village.
1/365-40/409 & VES locations; = brine
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well; S6-6+S8-8 = resistivity cross sections;
G-H = geological cross section; == — — -- =
card-road.

In both I-st and II-nd future salt mine
zones were built some vertical geological
cross sections and were proposed focused
exploration drillings.

The exploration drillings program begins
and the first projected drill had identified the
salt body at the specified depth by

geophysical measurements (drill F6, fig. 8).
Geological cross

sections extend the
E
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overlaying rock/salt limit from geophysical
cross  sections and maps  image
interpretation. The actual relief surface
contours approximately overlaying rock/salt
limit morphology.

Figure 10. Geological cross section C-D
on I - st northern Dumitra future salt zone,
= deluvial material; = overlaying
rock; === salt rock; F5-F6 = proposed
exploration drillings; - - - - - = overlaying
rock/salt limit.
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Figure 11. Geological cross section G-H
on II - nd southern Dumitra future salt
zone, ==°* = deluvial material;, =—— =
overlaying rock; =~ = salt rock; F10-F12
= proposed exploration drillings; - - - - - =
overlaying rock/salt limit.

REFERENCES

Atudorei C., Bocanete E., Miclea P., 1971, The
research, exploitation and capitalization of the
salt (in Romanian). Technical Publishing House,
Bucharest, 396 p.

Botezatu  R.,1987, Geological Interpretation
Fundaments of Geophysical Information (in
Romanian), Technical Publishing House,
Bucharest, 366 p.

Mafteiu, M., 1996, Contributions to Radioactive
Mineralisatios Research by Nonradiometric
Geophysiscs,., 1-st Congress of the Balkan
Geophysical Society, 23 to 27 September 1996,
Athens, Greece, abstract volumel, page interval
(pp-192-193).

Marinescu M., 2003, Management and Marketing in
Geology (in  Romanian). Universitatii  din
Bucuresti publishing house, Bucharest, 196 p.

Mutihac V., Mutihac G., 2010, The Geology of
Romania within the Central East-European
Geostructural Context, Didactica si Pedagogica
Publishing House, Bucharest, 690 p.

Stefanescu S., Radulescu M., 1974, On a Class of
Theoretical Models for the Direct Current
Electrical Prospecting Methods of Sedimentary
Ground - Revue Roumaine de Geologie,
Geophysique et Geographie, serie Geophysique
PI v.18 pp. 8-18, PII v.20, pp.3-12 Publishing
house of Romanian Academy.

**% 1967, Bistrita Geological Map, 1: 200,000 scale,
Romanian Geological Survey, Bucharest.

2073



2074



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Sustainable Mining Construction Materials in Eastern Antioquia

V. Villa, G. Franco
Mines Faculty, National University of Colombia, Medellin

ABSTRACT The goal of this paper is to approach the issues of mineral resource extraction
in Eastern Antioquia (Colombia), its sustainability and its impact on the planet from an
environmental and economic point of view. During the assessment of the mining activities
(which was carried out through technical visits to mining projects), it was also possible to
assess the sustainability of the material extraction processes. This assessment focused on the
use and management of natural resources and the progress and development of mining
activities.

Since there are few studies evaluating the mining process and the sustainability of mining
activities in this region, the authors decided to conduct an analysis that made it possible to
obtain information regarding such processes and the status of exploitation of these materials
in order to expand the knowledge on the conflicts generated by this activity and the overall

dynamics of their extraction and marketing.

1 INTRODUCTION

Mining is a potential source of resources that
contribute to the achievement of
sustainability in the communities of
Antioquia. However, it still has adverse
effects on the environment because of the
poor exploration, mining and material use
practices.

The primary feature in this respect is the
lack of State control, and there is a growing
sector of informal mining, which at this
moment makes up a large portion of the total
current mining activities in the east of
Antioquia. Consequentially, those that
promote and carry out mining activities
implement practices that cause them to
operate outside of the control mechanisms
dictated by mining and environmental
authorities, thus evading the legal
requirements demanded of them.

With the aim of supporting the development
of mining activities, this article seeks to
ascertain the sustainability and repercussions
on the environment that the extraction of

mineral resources in the east of Antioquia
produces. It analyzes the contribution made
by mining to the economy, and the efforts
made by the mining sector to comply with
mining and environmental regulation.

With regards to methodology, this study
analyzes the sustainability and repercussion
of mineral extraction, based on what was
observed during technical visits made to
different mining projects. Limitations to the
research arise primarily from the lack of a
database which allows a more detailed
analysis of the production and sales of this
resource, as well as a comparison of this data
with current data.

2 OVERVIEW

This study was carried out in the following
municipalities in Eastern Antioquia: Guarne,
Rionegro, Marinilla, El Santuario, La Ceja,
La Unidn, El Retiro and San Vicente Ferrer
(Figure 1). These have a total area of
1,385km2, and a total population of 323,290
(DANE, 2005).
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This area of Antioquia is characterised by
its high rate of urban expansion, and it has
also been a key area for road expansion and
the relocation of metropolitan activities.
Agroindustrial processes, the development
of mining activities and in general the

irrational use of natural resources require a
management strategy which takes into
account all tools and instruments for
command and control, and which aim to
reduce the impact these activities generate
(CORNARE, 2003).
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Figure 1. Map of the location of the study

The eastern district of Antioquia stands out
on account of its kaolin and clay production
which supplies the ceramics industry in the
region, forming part of the construction
materials aggregate. This is one of the main
arcas of the national mining activities,
surpassed only by carbon production
(UPME, 2006).

When carrying out an analysis of the state
of the infrastructure with regards to the
development of exploitable potential in the
area, and in relation to production and export
volumes, the Unidad de Planeacién Minero
Energética (Mining and Energy Planning
Unit) concluded that the area had a
production scale of less than five million
tons per year. Based on this, below is a
breakdown by material, based on reserve,
demand and supply values for 2010.
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2.1 Kaolin and Clay

Kaolin and clay production is carried out in
the La Unién and Rionegro municipalities.
Based on Minercol's records, the reserves for
kaolin and clay in 2001 were 1,962.9 kt and
1,208.51 kt respectively. Most of the kaolin
and clay produced goes to ceramic plants in
Medellin, whilst a smaller proportion is
ground and exported to countries such as
Venezuela, Ecuador, Mexico and the
Dominican Republic (UPME, 2005).

2.2 Construction Materials

Construction materials for this district come
primarily from flood deposits. According to
the Antioquian government, the construction
material reserves that were tested in 2001
were 5,896.8 kt, and are located primarily in
the La Unién and Rionegro municipalities.
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These materials are sold in the La Ceja,
Rionegro, Marinilla, San Vicente and
Guarne municipalities, as well as in
Medellin (UPME, 2005).

With the aim of limiting its scope, this
study will focus solely on construction
materials: clay, sand, gravel, roadbed
materials and kaolin

3. METHODOLOGY

In the mining industry, the extraction of
minerals that are used as raw materials has
become important, since minerals are
humanity’s second most consumed resource,
the first one being water. Mineral extraction
activities are vital for the economy, not only
as they provide irreplaceable materials used
in construction, but also as it is an industry
which generates a number of indirect and
direct sources of work, throughout the entire
mining and construction chain. 49 technical
reconnaissance Vvisits were made to the
different mining projects, with the aim of
obtaining the results of the analyses for
mineral resource extraction, sustainability
and the environmental impact on the

different villages of the municipalities of
Eastern Antioquia (Figure 2). The visiting
process involved aspects such as checking
the state of development of the mining
activity and making recommendations for
environmental management, while
establishing first and foremost the legality of
the operation. This process arose from the
need to control the mining activities by
evaluating and monitoring them.

To begin the process, a search was
conducted (Figure 2) of each mining project,
allowing the condition of the activity to be
identified using the records that had been
provided, in this case by Eastern Antioquia's
environmental authorities. The technical
visit made it possible to check the
background details that had been found in
the archive, thus allowing the condition of
the activity to be updated, as well as
clarifying its legality. The material that was
being extracted and the extraction method
itself were identified through this process, as
well as how to arrive at the site and the tools
being used in the operation.
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Having identified these guidelines, service
visits were scheduled in order to assess
mining activity using variables which
allowed mining projects to be evaluated and
monitored. The measures which allowed for
an assessment of the exploitation and
material use were contained in the following
parameters: general information, site in
question, extracted material, tools used,
production (m3/day),
interventions/environmental liabilities,
sloping terrain, environmental control work
carried out and permits and authorizations.
Forty nine service visits were made to
mining projects over a period of six months,
applying the above parameters. An analysis
was carried out with the results that were
obtained which enabled the mining
technique to be evaluated and the
sustainability of the clay and kaolin
construction materials to be assessed in
Eastern Antioquia. The extraction, loading
and transportation of materials were taken
into account based on the mining record; as
well as the assessment of damages made to
the environment by this extraction process.
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3 RESULTS AND DISCUSSION

Based on the information found in the
records provided by the environmental
authorities and the information verified and
identified during service visits, it was
possible to establish five categories which
can be grouped in order to describe the
integrated open pit mining planning process.
These categories are:

(A). Extraction method: (I). Mechanical (II).
Artisanal.

(B). Mining status: (I). In operation (II).
Abandoned.

(C). Production (m3/day).

(D). Activity status: (I). Legal (II). Illegal.
(E). Supply of sediment to water sources.
(F). Activity carried out on the floodplain.

The evaluation of mining activities
located in various villages of eastern
Antioquia is shown in Table 1 below.

It is important to highlight that out of the 49
mining projects visited, 13 were considered
to be operating illegally. This is due to the
fact that, on first instance, they have not
been awarded a mining title or an
environmental license for the operating area.
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Table 1. Evaluation of mining activities in the area of study

Municipality Extracted C D E F
resource
1 1 1 1 1
La Ceja Sand and gravel
2 34 1 1
Gravel
2 34 2 1 !
Rionegro Clay
5 1839.95 4 1 2 4
Sand
2 3 8 1 2 3 3
Sand and gravel
1 3 1 66 3 1 1 2
El Retiro Sand
11 12 127 12
Sand and gravel
1 12 1
Guarne Silt
1 200 1
Sand and gravel
1 1 70 1 1 1 1
San Vicente Sand and gravel
1 | 16 2 2 1
Silt
1 1 150 2
Sand
1 1 10 1 1
La Union Kaolin
4 2 428 6 1
Sand
1 1 2 1 1 1
Sand and gravel
1 1 14 1 1 1
Marinilla Sand
1 20 1 1 1
El Santuario Sand and gravel
2 34 2 1
Sand
| | 14 1 1

The main liabilities found for the mining

activities are:

A.There are no water retreat areas
between the mining areas and the

water sources.

B. A technical mining method is not
applied during extraction activities
with heavy machinery, thus producing
instability on adjacent

damages to
communities,

risk.

land and
nearby
generating  potential

i.
ii.
iii.
iv.
V.
vi.
Vii.

C. An abandonment plan, including a

proper design for closure and planning
for mining operations based on the
following criteria (MME, 2003), is not
implemented.

Define stable surfaces

Control risks

Control erosion

Maintain water quality

Comply with water quality regulations
Recovery for later alternate use
Recovery of drainage patterns
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D. Upon having contact with the owners
or those in charge of the mining
operations, a lack of knowledge on
regulations for the activities that were
being carried out was expressed. This
is commonly found in artisanal mining
work.

E. For a few of the projects there is
evidence of recovery processes in
previously mined areas.

F. Riverbed diversion is an issue which,
although not common in the projects
that were visited, was seen in three
mining fronts.

G.In projects established by large
companies, it is common to find
problems with water dumping, as
fluids from  wells containing
sedimentation flow into channels
which in turn enter water sources used
by local inhabitants.

Although found in another geographic
location, away from the department of
Antioquia (outside this paper’s reach and
scope), some cases can be considered
successful (Government of Antioquia,
2011); one of them is Empresa Agregados
Garantizados del Norte S.A. (Company of
Northern Guaranteed Aggregates), as it takes
responsible and sustainable mining into
account. This concept covers various
components such as  environmental
management, technological and production
management, OHSAS management and
social management. These aspects allow the
organization to constantly improve their
processes and mining cycle.

4 ENVIRONMENTAL IMPACT

Construction materials make up one of the
most important economic sub-sectors of the
mining sector, due to their economic
production value, as well as their
environmental and social impact. In fact, the
price of these materials has a significant
effect on the economy since they impact
directly on the cost of buildings and
infrastructure  projects (UPME, 2000).
Economically, the rise of demand in the
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construction sector in Eastern Antioquia has
generated an increase in the extraction of
raw material in quarries, gravel pits and sand
pits. This action involves a set of activities
which modify the conditions of the area in
which the mining takes place as a
consequence of the use of machinery, water
catchment systems, the construction of
infrastructure and the change of land use

through the exploitation of mineral
resources.
In the studied case, mining in the

municipalities of eastern Antioquia presents
critical and vital points related to water and
soil resources and regulations, which are
outlined below:

a. Water Resource: Surface flows, water
filtrations through rock mass and fluid
dumping are factors which affect the
resource in some of the projects that were
visited. As a result of the lack of water
handling measures in mining activities, bad
use and bad handling of water can cause
drag material and sediment to be picked up.
In some projects there are no treatment
plants to control the material trapped in the
flow. Neither are there simple drainage
ditches or works of art for handling the
water through a water retention system for
particulate material. This in turn causes
obstructions on account of sediment, floods,
water source contaminations and landslides.

b. Land Resource: Every mining extraction
system alters the surface to some degree. All
impacts from the development of mining
activities have a short duration and are in
effect only when the mine is operating.
However, in this case the changes remain
after all mining activity has been concluded,
given that there is no plan for the
abandonment and recovery of the affected
area. The main impacts include: changes to
the surface ground due to access roads and
test pits (in the exploration phase); emission
of particulate material arising from the
drilling and excavation, and changes to the
soil, vegetation, rivers, drains and forest
reserves (Vargas, 2001). These impacts can
be observed in a more particular case, which
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is the area of study taken for this research,
since these problems were visible in some of
the mining projects that were visited.

Anti-technical mining of this resource is
an instability factor, as it does not guarantee
quality in the extraction process of the
material as a benefit of the exploitation, thus
generating  severe  erosive  processes
(CORNARE, 2006) as a result of the mining
not being carried out properly. This is due
to the failure to apply terracing practices
when necessary, the existence of slopes with
an almost perpendicular gradient as a result
of the cutting carried out there, as well as the
lack of efforts to reshape and plant more
vegetation on the slopes that were affected,
as a way to stabilize them.

The previous cases were observed with some
frequency in several of the mining projects
that were visited.

c. Regulation: Parts of the mining sector
are not aware of the environmental
management measures that should be taken
into account when carrying out mining
activities which are in favor of preserving
both natural resources and the environment,
this being a factor which mitigates and
compensates environmental impact. As a
result of this, there is greater control and
monitoring of the means for recuperating
and compensating the condition of
resources, than for controlling and
monitoring the means to prevent harm to the
environment.

5 CONCLUSIONS

The following are some of the conclusions
that have been drawn from this study:

A. Evaluating and monitoring all mining
activities is an appropriate tool to control
and survey these activities. This can be
extended to both small and large mining
projects in order to apply mining and
environmental regulations, thus bringing
about the possibility of exploiting mineral
resources, a process which requires the joint
presence of the relevant authorities in order
to tackle the problem of illegal mining.

B. The progress and management of the
mining activities were analyzed for the
mining projects that were visited. This was
done because of their importance in the
development of projects which aim to
prevent, recuperate, mitigate and compensate
the exploration and mining of construction
materials such as clay, sand, gravel, roadbed
material and kaolin. Similarly, the legality of
the activities and its compliance with
environmental law were also analyzed.

C. The instability of the mining activities is
shown in relation to artisanal mining, as it
limits the possibilities for sustainable
development due to  environmental
contamination, poor handling of the material
extraction method, social and economic
discrimination, as well as conflicts arising
from the transparency of the mining activity.
D. With percentages of 24.49%, 16.33%
and 26.53% respectively, Rionegro, La
Unién and El Retiro are the municipalities
where the greatest concentration of mining is
to be found in Eastern Antioquia. The
materials extracted in these municipalities
are clay, sand, gravel and kaolin.

E. Given the scarcity of information
allowing for the evaluation of the
consumption of materials extracted in
Eastern Antioquia, and based on the
information regarding constructions, repairs
performed on rural roads and imports of raw
material in order to produce supplies, it is
not possible to establish exact figures for
mining demand in this area of Antioquia.
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ABSTRACT This paper describes the application of the new methodology of Problem-based
Learning (PBL) in an undergraduate module for students of the Mining Engineering Degree
at University of Vigo and University of Alicante. This system has been adopted by several
universities in Europe because the students can acquire several skills which would be
impossible to develop using other methodologies: solving problems by themselves, self-
directed learning and collaborative work.

We have already been using the PBL system for 4 academic years in a final-year Materials
Engineering module with a satisfactory result, although some corrections should be
introduced in subsequent years.

This year, for the second time we have used PBL with younger students obtaining
encouraged results. It was observed that for younger students the problems formulation has to
be clear with restricted number of solutions and the tutor needs to monitor the groups closely
to ensure the problems are solved and detect “bystanders”.

1 INTRODUCTION both respond to the same acronym PBL. The
system was successfully used in fields as
health or medical education, engineering,

and economics as reported elsewhere

Recent years have seen a complete
renovation of the degree system in Spanish

universities. One of the disciplines affected
is Engineering Studies (6 or 5 years), which
has been combined with Technical
Engineering (3 years), to create a Bachelor’s
Degree of a duration of 4 years. In all cases,
the student must reach certain skills, specific
to the discipline (specific) and generic
(transversal) common to any field (MEC,
2010). The aim is to attain the same levels of
theoretical and  practical  knowledge
associated with a particular discipline, and to
acquire the necessary skillset to analyze and
solve problems, to work collaboratively, to
communicate, to make decisions, to manage
time, to master computer skills, etc.

Among the new methodologies, ones of
the most interesting are Problem-based
Learning and Project-based Learning, which

(Crawford, 2011; Ruiz Gallardo et al., 2011;
Mohammad Zamry Jamaludin et al., 2012).

An extended review describing different
aspects of the system can be found in the
literature (Hmelo-Silver, 2004).

This system consist on proposing the
student a series of problems which should be
resolved, alone or in groups, with no
background needed. The teacher is
responsible for providing the student with
the tools necessary for resolution. It seeks to
help students acquire knowledge of a given
subject by themselves, becoming responsible
for their own education. Research has
identified numerous advantages in this
methodology; participants will develop
various skills such as problem solving,
teamwork, research and information
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management, communication skills,
planning, critical thinking, etc.

PBL can be used within a given area of
knowledge acquisition, or at the macro level
as part of the course. In some cases, it may
include multiple subjects, which is the case
for Engineering.

Due to the complexity of the new degree
system, we have focused on the
implementation of PBL in younger students
to see the results of the method and analyze
the various difficulties that they find.

PBL methodology has already been used
within a module of the Mining Engineering
degree, which has changed in content and
length under the new degree system.
Although PBL has been used for several
years, it has undergone gradual changes
depending on the results; since the transition
to this unconventional learning system has
been complicated for both teachers and
students. However, we will show in this
paper that PBL leads to better results. It
should be pointed out that, under the
previous degree system, the module was
taught towards the end of the course;
therefore the students were -effectively
working at Master’s level.

The experience in this work has been the

starting point for the introduction of the PBL
methodology in an undergraduate course for
students of the Energy and Mining
Engineering Degree at the University of
Vigo for the first time. The module is
Materials Science.
In this paper, we will discuss the differences
we have found in using PBL with older and
younger students, the comparison with the
past course results and the perceptions of the
younger students about the tutor role and the
methodology employed.

2 PBL PLANNING

This basic technique establishes learning
objectives, which help to determine how to
apply the PBL methodology (Amador et al.,
2007). We have to bear in mind that the goal
of this system is not only to resolve a
problem but also it is useful for students to
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discover collaboratively, the process leading
to the resolution. The PBL methodology is
combined with other teaching techniques to
form a single problem that encompasses one
of the subject-specific skills.

In the present study for the younger
students, we chose a straightforward module
taught towards the end of the syllabus,
namely Composite Materials. PBL activity
starts at the beginning of the module, when
knowledge about materials is very limited.
For this reason we consider that is a good
module in which to apply PBL, because the
students are forced to develop the following
general skills to achieve success (Escribano
and del Valle, 2008):

v’ Interrelate and interpret knowledge,

accessing sources of necessary
information.

¥’ Propose practical solutions, using the
information.

v Promote cooperative work,
communication skills, organization,

planning and personal responsibility
for the completion of the work.
¥v' Know the necessary sources for the
continuous updating of all
information, accessing current and
future tools to search for information.
The last point was the most challenging
for the undergraduate students because they
are not used to look for information in the
library, their preferred source is Internet. It is
of paramount importance to combine
information sources, Internet and real books,
to acquire the knowledge. The tutor provides
to the students a list of books signposting
them to where they can look for information
to solve the problems (with the older
students this step was not necessary)
(Cabeza et al., 2011).
The proposed problem must satisfy a
number of features to make the students feel
involved (Morales and Landa, 2004):
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v' The problem must
motivate learning and
related to real cases.

v" Students are required to justify their
decisions, by defining assumptions
made, identifying relevant information
and outlining the necessary steps.

v For the completion of the work the
cooperation of all students is needed,
and it should not be possible to divide
up the problem.

As above mentioned, knowledge of
materials is poor under the new degree
system (Amador et al., 2007), but we try to
raise students’ interest through sports, as the
composite materials are used in Formula 1
cars, tennis rackets, golf clubs, etc. We give
them different problems (Bao and Castresana,
2010) to solve, of several composite
materials and guard against the division of
the work; the presentation of the solutions at
the end of the task is to be done by one
student chosen randomly.

In order to motivate young students, we
also propose the creation of a web site (by
means of google-sites) about the subject
“cement and concrete”, a traditional
composite material which results very
attractive for the future engineers.

The introduction of computer tools in
substitution of one of the numeric problems,
is a novelty this course in order to improve
their computer skills and oral presentation
abilities.

engage and
should be

3 DEVELOPMENT OF PBL DURING
THE COURSE

The first difference under the new degree
system is that these new methodologies have
been allocated some hours within the module
timetable (it is not parallel with the teaching
subject). At University of Vigo, they are in
the form of seminars; five hours were
divided in three sessions as follows in the
past course:

In the first hour we presented and organised
the work, the next session of two hours was
dedicated to the discussion of the problems
with the tutor and in the last session, also
lasting two hours, each group presented one
of the problems and the evaluation of the
work was decided.

During the present course, this seminar
timetable was redistributed, providing just
two sessions of two and three hours
respectively to complete the same work. In
this case, tutorial classes with each group
have to be included between the presentation
session and the final evaluation to follow
closely their works.

Finally the PBL sessions were organized
as described following:

¥ First session (2 hours):
The tutor presents the work to the students,
and helps them to form the groups (another
difference with the older students).

Then, the tutor distributes three different
numerical problems about “Composite
Materials” for each group to solve. A form
to fill out is also given to describe different
characteristics about the composite material
proposed in each problem, components,
applications and manufacture.

The tutor suggests some specific books
that they can find easily in the library. They
can supplement this material with a
reasonable amount of information found by
internet.

Moreover the google sites work is also
proposed, without any previous information
about the use of the informatics application.

Only some minimum points were detailed
by the tutor to be obligatorily mentioned in
the site.

The evaluation of the total work is
explained in detail, because it is considered
as an important motivation argument for the
young students.

¥ Second session (3 hours):

The last session is used for each group to

present one of the problems on the
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blackboard and its
projector.

The tutor tries that all the group members
participate in the presentation, asking
questions randomly to induce to discussion
between the teammates and the other groups.
This is important because applying this
system all the students is involved in doing a
good presentation on the day and they know
that a part of the mark at the end depends on
this collaboration.

One of the students has to classify the
material and explains its characteristics to
the classmates. Another student solves the
problem on the blackboard and one or two
more present the structure and main contents
of the web site.

The tutor selects previously the students,
the problem to solve and the part of the web
to explain in order to cover the most
important aspects of the proposed topic and
keep an order in the contents, to be easy to
understand.

The other students in the class have the
opportunity to ask questions about the
method used to solve the problem or the
contents. A summary of the contents seen
during the class and uncertain topics will be
expounded by the teacher.

At the end of this last session, the
evaluation of the work and the methodology
employed is done using the Rubric System
(RubiStar Home), although literature
(Escribano and del Valle, 2008) discusses
different evaluation methods.

In this case, each student evaluates
himself, his mates and the other groups.

It is necessary to evaluate the transversal
or generic skills. We have tested some of
them and we think that the most appropriate
is co-evaluation, as described in Cabeza et
al., 2012. The acquisition of specific skills is
evaluated by a test at the end of the course,
not forgetting that the methodology is
applied in one part of the module, the rest
being taught by the traditional methods of

web site using a
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theory, problems and laboratories. The
generic skills are allocated a mark of 10% of
the overall assessment of the module. This
mark is obtained from the average provided
by: the self-assessment undertaken by the
student, the evaluation of the peer group and
the tutor. The same questionnaire is
employed in all three cases, based on
obtaining generic skills and abilities. In
addition, the student is asked for feedback
on the methodology and the role of tutor
after the course. This is of great importance
since it has served to keep improving the
system, year after year.

Between these two sessions, two
obligatory meetings with the tutor are
stipulated in a schedule that each group
organized the first day in agreement with the
teacher. In this schedule, the roles and the
functions of each member of the group may
be perfectly defined.

This schedule should be accomplished
strictly (because they are totally 90 students
divided in 18 groups). These meetings allow
the tutor to guarantee the organization and
the participation of all the students, to
evaluate their responsibility and to detect
any “bystanders”.

In the first meeting (by internet or
personally) each group has to present a
report describing the sources employed to
fill the form, the contribution of each student
and how is progressing the work. Any
problem with the development of the work
or any member of the group should be
mentioned. The table describing the
materials may be finished to be corrected.

In the second meeting, they have to give
the problems solved and the site link to
correct any mistake and allow them present
the work without errors in the last day. This
tutorial should be in person.

Indeed, the tutor offers to help in his own
office or by mail if they need. This last
media is more used for the students,
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especially during the weekend because it
allows an immediate resolution of the doubt.

It is worth to mention that with young
students the role of the tutor is real important
because he has to be in control how the
students managed their time and their work
effectively.

The transversal skills are assessed: ability
to propose practical solutions, use of
information, cooperative work,
communication skills and organization.

4 EVALUATION
AND DISCUSSION

The PBL methodology has been used in the
teaching of the traditional subject of Mining
Engineering. Despite the introduction of
several corrective measures in subsequent
years, the results have been satisfactory, as
Figure 1 shows. Year after year the number
of students who have passed the subject has
increased.

OF PBL: RESULTS
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Figure 1. Students who have passed the
subject

The first year that we ran the system with
the young students we have found several
problems (Cabeza et al., 2011). The main
problem was that few students are not
accustomed to these types of evaluation and
teamwork, and then the result of the
assessment did not correspond to the
acquisition of the skills. For example, some
groups did not acquire the skills because
there was poor evidence of collaborative

working. Yet in the self and peer group
assessments, they gave themselves the
highest marks. In order to avoid the problem,
this year we have introduced in the co-
evaluation the tutor estimation in order to
correct the final mark. The tutor values the
behavior of the students during the two
sessions and the tutorial as well. The
assessed points are the same of the students
(transversal skills).
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Figure 2. Results of the PBL application for
the undergraduate students in the Basic
Materials Science module for engineering

Figure 2 compares the result of the co-
evaluation process during these two courses.
The co-evaluation system without any
correction from the tutor allocates higher
marks to the students. However, this factor
forces the students to do the work only for
the mark rather than for the learning. But we
consider that, at present, it is absolutely
necessary not to use this new assessment
methodology with younger students.
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Figure 3. Students who have passed the
subject. V- University of Vigo, A-
University of Alicante

Figure 3 demonstrates that the PBL
system is beneficial not only to acquire the
generic skills; at both Universities the results
for the text from this part gave better marks
than the rest of the subject. The PBL also
contributes to the acquisition of specific
skills. It should be point out that the
professor at the University of Alicante
applies diverse systems for the continuous
evaluation of the subject, which motivates
the students to learn, rather in Vigo, the rest
of the subject is teaching by traditional
methods.

This year the young students’ opinions
about the system were diverse: the 61% of
the students are satisfied with the
methodology and self-learning and consider
it motivating and amusing whereas the 37%
prefers the traditional system or, at least,
some previous lesson about the topic in
order to save time looking for information.

Among this 37%, the negative aspects
principally found by the students are based
on problems in the selection of the valuable
information; they cannot distinguish which
is or not important.

Only a 2% of the students think that they
spent a lot of time with the work (the
average time was about 10 hours), which
seems to indicate a good distribution and
organization of the majority of the groups.

In general, the role of the tutor was good
valuated, with an average mark of 4.3/5. The
immediate availability of the professor by
email is well appreciated by the students.

5 CONCLUSIONS

We had to try to integrate the PBL
methodology in the basic module of
Materials  Science  within  the new
Engineering degrees, and we had some
problems related to the behavior of the
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students not accustomed to this system. The
result in the specific skill of the exercise,
namely knowledge of composite materials,
has been good when compared with the
other parts of the subject. However in order
to acquire the transversal skills some
changes are required, especially in the
evaluation method. In order to avoid the
poor organization of the work, it is necessary
to include the tutor’s feedback on the
sessions in the evaluation.

The number of students per group and the
distribution of the sessions are factors that
affecting the results this year and they have
to be considered next courses.
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ABSTRACT The discovery of gold at Langlaagte led to the development of gold mining in
the Far West Rand in 1934. When the mines cease operating, re-watering of the dolomitic
compartments will occur as a natural consequence. When water comes to within six metres of
the roof of the aquifer, ground instability which will result in the formation of dolines and
sinkholes will occur. This will threaten the rail link between Pretoria and Cape Town, as well
as the N12 between Johannesburg and Potchefstroom, and also the R28 to the Vaal Industrial
area. Dewatering caused the soil which formed the roof of the aquifers to dry. Re-watering
will cause this dry, stable roof to become wet and unstable as it already happened in the past
when mines were not coping with water abstraction during rainy seasons. If re-watering is not
carefully managed the rising water table will undoubtedly trigger sinkholes, with catastrophic
consequences.

Key words: sinkholes, gold operations, Far west Rand South Africa

1 INTRODUCTION

Gold was discovered in the Witwatersrand in
1886 which resulted in considerable interest
in the area and its surroundings. The
Pullinger brothers drilled prospect holes on
the farms Gemsbokfontein, Libanon and
Venterspost. They sank a shaft on the
Gemsbokfontein farm and at a depth of
approximately 29 metres, dolomite was
intercepted and the shaft had to be
abandoned due to the large volumes of water
encountered. (Enslin, 1956). The Mines had
to abstract the water in order to continue
sinking their shafts. This resulted in farmers’
loosing boreholes borehole water, prompting
complaints from the farmers to government.

The mines had government support
because the mines provided government
with the much needed revenue to support
their idea of separate development. Dealing
with underground water for the mines was
like dealing with waste which was to be
disposed off in whichever convenient way
they saw fit. Arrangements were made for
the farmers to get water but, another problem
immerged whereby infrastructure and
properties in the Westonaria and Merafong
municipalities suffered considerable damage
due to sinkholes and subsidences.

2 AREA COVERED

The area covered is in the continent of
Africa, the south most portion which is
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called South Africa, in the smallest but
densely populated province of
Gauteng.(Figure 1)

The dolomitic area of the FWR extends
from the weast in the Zuurbekom
compartment, south of Roodepoort, to
Welverdiend in the west, approximately
fifty-five kilometers from Potchefstroom in
the west along the
Wonderfonteinspruit.(Figure 2). This figure
also shows important infrastructure, such as
the Railway line which connects Pretoria and
Cape Town, the N12 from Witbank through
Johannesburg, Potchefstroom, Klerksdorp,
and Kimberley to Cape Town, the R28 from
Pretoria through Krugersdorp to the Vaal
Triangle and the 1 metre pipe line which was
constructed to carry the Wonderfontein
Spruit water over the Venterspost, Bank and
Oberholzer compartments to join the
Turffontein compartment in order to avoid
the recirculation of water. The municipalities
of Merafong and Westonaria area are also
located within this area.

The area is divided into a number of
ground water compartments by watertight
syenite dykes, which intruded the sediments
along tension faults, generally striking in a
north — south direction. The large quantities
of water are stored in these aquifers, which
have been found to extend to depths of 200
metres below the dolomite. The ground
water compartments vary in area from a few
square kilometers to more than 400 square
kilometers. (Jordaan & Enslin, 1960)

P111/R501 road, which branch from the
N12 at the mining village of Glenharvie,
through Carletonville to Potchefstroom will
be our main focus. Most of the mines
affected by sinkholes and subsidence are
located along this road. There are other
affected areas such as the road between
Westonaria and Venterspost which is
completely closed due to sinkholes, the
P89/1, and the railway line which links
Randfontein and Carletonville, as well as the
Venterspost township most of which has
been evacuated due to sinkholes and
subsidence.
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2.1 The sinkholes along the PI111
road,which forms part the troubled area

In the mid-1950s, the Carletonville,
Blyvooruitzicht area experienced a series of
sinkholes. Gravity and geophysical surveys
were used for monitoring purposes because
they were faster and the results could
quickly be validated on the suspected area
through borehole drilling. Gravity survey
stations were laid out by Far West Rand
Dolomitic Water Association team of
specialists, over an area extending
approximately 150m South and 250m north
of the P111 road, from Carletonville to
Potchefstroom over a distance of 4km.
About 2 500 magnetometer readings were
taken this team and the profile of the vertical
magnetic force in gammas was used to
produce a map which classified the area
according to the risk profile of the area.

Unfortunately the Driefontein,
Blyvooruitzicht and Doornfontein mines
constructed their slimes dams along this
road.(Figure 3). From 1964 as a result of
dewatering and the construction of slimes
dams along this road, cracks, subsidences
and sinkholes where noticed on and also
along the sides of the road close to the
Blyvooruitzicht slimes dams.(Fison, 1965).
The road was closed, repaired and re-opened
after levelling results showed stability on the
road. Gravity surveys and boreholes drilling
along the road in order to determine the
cause and extent of damage were carried out.
(Smit, 1955)
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Explanation
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Figure 2.

Movement on this road was again noticed
on the side of Blyvooruitzicht mine in the
form of cracks during May, 1980. The
possible cause of the movement was slime
rushing into a sinkhole close to both the road
and the slimes dam. Monitoring in the form
of levelling was carried out regularly and
within the first fourteen days a downward
movement of 15mm was observed. In order
to determine the geological formation

red Dolonie

[ [——
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Figure 3

underneath the road, a number of boreholes
were drilled on both sides of the road. Eight
of the ten boreholes drilled intersected
cavities and in order to stabilize the road, it
was decided to pump slime into the cavities.
(See the accompanying figures 4 and 5 for
the positions of levelling stations and
borehole positions.)(Swart, 1980).

Gravity surveys indicated that certain
areas would be free from the possible
occurrence of sinkholes. This area is defined
by the relatively low gravity values, due to
the combined total gravity effect of a thick
cover of chert, rubble and soil. This area is
marked on the plan as “safe”. The second
area on the plan is marked as dangerous and
should be regarded as an area where
sinkholes may possibly occur. All the steep
gravity gradients fall in this area, as well as
areas of relatively high gravity values. The
third area is marked as doubtful. In this area,
the thickness of overburden on dolomite is
unknown and may be anything from 6m to
20m. Wherever the suggested deviations
traversed this area or the dangerous area,
boreholes were drilled to confirm the
underground conditions.

The levelling by Far West Rand Dolomitic
Water Association (FWRDWA) on critical
areas such as the P111, or the R501 as it is
known today, continued even after the bulk
of dewatering was completed. At that stage
nobody knew what would happen when the
water was removed. For that reason
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precautions had to continue and monitoring
continued so that any future movement could
be noticed. In any event, the levelling on Far
West Rand is a Constitutional requirement of
the FWRDWA.

P111/R501 has been recently monitored

and the results on the first section of the
road, (Loop 14) show very slight movements
as observed on the graph below. The graph
shows results from as early as April 2005.
Twenty five pegs have been established on
this section of the road and levelling
observations are carried out quarterly to see
how this differs from the previous quarter.
Different Loops leveled are shown on the
plan below. (Fig 6) The road is fairly stable
with the biggest progressive elevation
difference obtained being nine millimeters.
(Oosthuizen, 2012)
The SCTC recommended the closure of the
road for safety reasons in December 1970,
this time close to the Driefontein side of the
mine and also adjacent to the Brickor
Holding properties. After extensive levelling
and gravity surveys as well as drilling
boreholes along the road in order to
determine the cause of the problem, the
SCTC agreed to the deviation recommended
by the Provincial Roads Department. The
road was repaired and re-opened two years
later in 1972. (Tindall, 1972). Since then this
part of the road has been fairly stable, but we
have to keep in mind that the repair of the
sinkhole was done with slime, the
composition of which is not the same as that
of the soil and rock formations of the area.
The deviation can clearly be seen on figure 1
above and it has so remained since the
occurrence of that sinkhole.

It is near this area where 29 people and a
crusher plant were swallowed by a sinkhole
on the 12" December, 1962. Gold Fields is
currently monitoring this area on behalf of
the SCTC through levelling and other
methods, such as visual observation of the
area. In summer, particularly during rainy
periods, water is not allowed to accumulate
anywhere near the road. Storm water
drainage on both sides of the road is
regularly inspected to make sure that no
blockage occurs.
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Figure 5.

Figure 3 shows part of the P111/R501
road which passes between the town of
Carletonville and Blyvooruitzicht Township
where slimes dams were built on a chert rich
zone which had always been problematic
with the development of sinkholes and
dolines. Sinkholes that developed in this
area are known to have absorbed a large
amount of slime. The plan also shows the
dewatered Oberholzer compartment by the
Driefontein Mines and Blyvooruitzicht Mine
and also the Turffontein compartment that
has not been dewatered.
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According to a retired Gold Fields
official, the P111/R501 was developed over
a chert rich area, which according to
geologists has a high potential for sinkholes
formation. A further observation from plans
and FWRDWA documents is that this area
crosses the green belt, the area which is a
subject of close monitoring by the
FWRDWA due to it being extremely
vulnerable to ground movement. The road
has been repaired several times in the past.
(Erasmus, 2012)

Figure 6 below shows part of the

P111/R501 road which is being monitored
because of its previous history of continued
subsidence, cracks and sinkholes. The
continued instability along this road is
brought about by slimes dams built in close
proximity to the road. Large amounts of
slime have been deposited in sinkholes
which developed in the slimes dam areas
until no more could be absorbed by these
sinkholes. The water table has dropped and,
possibly the slime has solidified, hence the
stability that is observed particularly close to
‘Loop la’ (Erasmus, 2012)
The results of the three Loops in the form of
graphs have been plotted below. No
significant movement can be noticed on
Loop la, which is made up of twenty five
(25) survey pegs, even if there has been
significant movement in the 1980s, as shown
by sinkholes and dolines on the area.
Maximum vertical movement recorded over
a period of seven year is ten millimeters.

This part of the road was more
problematic in the past. According to eye
witnesses a large portion of Tailings Dam
No. 1 disappeared into a sinkhole in 1981.
From the levelling observations from peg 25
to peg 38, the maximum elevation difference
measured throughout the period in question
has been nine millimeters. According to the
elevation differences, the area has been
fairly stable until 2007, where after a number
of stations started showing significant
elevation differences over time. This section
of the levelling is shown in an orange colour
on figure 8 above.(Loop 1b). From the graph
below we can clearly see that from around

2008 the pegs 85 to 107 recorded movement
of up to 60 millimeters.

12
Kilometers
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Figure 6.

Gravity surveys, together with boreholes
that were drilled on the sides of the road,
were done in an attempt to intercept the
locations of cavities in the vicinity of the
road. When these were encountered, a
mixture of slime and cement was pumped
into these cavities with the objective of
strengthening the road, but because the
cement and slime mixture was not part of the
local geology of the area, it kept on being
washed away, resulting in the reactivation of
old sinkholes and most likely new ones.
Levelling is not a mechanism to detect, or
monitor sinkholes because when sinkholes
occur it is usually sudden. The surface will,
often, not show any movement until a
sinkhole forms. Gravity surveying is
considered better because the possibility of
cavities developing beneath the surface can
be detected through a gravity survey. The
road has been repaired several times in the
past due the re-activation of
sinkholes.(Erasmus, 2012)

Paragraph starts immediately after a heading
or a gap.
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3 RECOMMENDATIONS

The presences of Dolomitic water had
always been a challenge to successful
mining in the Far West Rand. Before mining,
people in this area depended on farming for
their survival. In order for farming to
succeed, water was needed and this came
from the dolomites. Mining brought about a
different dimension and provided
Government with taxes, as close to 60% of
profits derived from the mining was paid to
the State and as a result Government turned
a blind eye to the ‘irregularities’ of the
mining industry. In brief, the mines on Far
West Rand were allowed to regulate
themselves through the Agreement that led
to the establishment of the Far West Rand
Dolomitic Water Association. (Gibbs, 1958).
It appears that the Constitution of Far West
Rand.
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ABSTRACT Most nickel ores fall under the category of sulphide or lateritic ores. Apart from
the environmental impact of mining, their treatment is energy intensive and polluting. A new
way of concentrating nickel by nickel hyperaccumulating plants may solve these problems.

A metallurgical process to recover nickel from the ashes of such plants will be cheaper and
less polluting than its recovery from sulphidic or lateritic ores. In this paper, the perspective
and the challenges for nickel “farming” are discussed, and a business case for this approach is

outlined.

1 INTRODUCTION

Nickel is recovered from its ores by
pyrometallurgical (smelting) or
hydrometallurgical (leaching) processes.
Both are energy intensive and
environmentally unfriendly. The situation
would improve if a first concentration step
can be found that is cheap and compatible
with the environment. Such a preliminary
concentration step would already reduce the
volume of the throughput of the
metallurgical processes, and thereby reduce
their environmental impact.

There are a number of plant species that
accumulate nickel very efficiently. One of
these plants was collected on the mine
tailings of a former asbestos mine on
Cyprus.The crushed rock on which this plant
grows contains less than 0.3 % nickel, but
the nickel content of the plant ashes turned
out to be 5%, richer than almost any nickel
ore, and extracted not from a rare nickel ore
but from a common ultramafic rock, without
any human interference. In Italy it was found
that the ash from Alyssum bertolonii,
growing on serpentinite soil contained even

up to 11% of nickel! In Turkey (rich in
serpentinites) nickel accumulator plants on
serpentinite soils are common, and some are
even allelopathic, which would be an
advantage if one wants a monoculture of
nickel hyperaccumulating plants [Altinozlu
etal., 2012].

It is likely that a metallurgical process to
recover the nickel from these ashes will be
cheaper and less polluting than its recovery
from  sulphidic  or lateritic  ores.
Understandably, ideas about phytomining
metals were already voiced in the nineties by
the late professor Brooks and co-workers
after the discovery of such hyperaccumulator
plants, but so far never implemented on a
commercial scale [Robinson et al., 1997]. of
such hyperaccumulator plants, but so far
never implemented on a commercial scale
[Robinson et al., 1997].

2095



R.D. Schuiling, C. Mambote, N.Ozgiir

2 IS THERE A BUSINESS CASE?

Let us try to see, in a very preliminary
way, if there might be a business case for the
phytomining of nickel. Nickel prices are
quite volatile, but assume that they will be
around 21.000 US$ per ton (price level
beginning of 2012). Rock-types with
elevated  Ni-contents  around  0.3%
(peridotites and serpentinites) are found in
many countries all over the world. Such
rocks also form the normal host rocks of
chromite or magnesite deposits, so there are
a number of tailing dumps available, where
these rocks are already mined, and are
present as crushed and milled waste material.

If 1 km® of these rocks (either solid
rock, serpentine soils or in already crushed
form) would be planted with the most
suitable nickel hyperaccumulator plants for
that region, these could be harvested after
one or more growing seasons. Most Alyssum
species are perennial, so they can be
harvested a number of times without
renewed sowing or planting, by cutting them
at 10 cm above ground.

It should be mentioned that in the long
list of nickel hyperaccumulator plants, there
are several species that are even more
effective as nickel collectors than the
Alyssum cypriacus that was tested.

Let us assume we can harvest 900 ton of
dry plant material from one km2. After
ashing this is reduced to 90 ton, with a Ni-
content of 11%, so a total of 10 ton Ni per
km2, with a gross value of 210.000 US$ per
harvest.

This should be decreased by the cost of
fertilizers, land use, sowing and harvesting,
as well as the cost of the metallurgical
process used to recover the nickel metal
from the ashes, and increased by a modest
sum for the energy content of the dry plants.

3 HOW CAN IT BE IMPLEMENTED?

The operation can be carried out by a
nickel mining company or any other
organized group, like an arrangement
between a mining company and some
villages around the mine, or as a cooperative
of farmers living on ultramafic rocks. The
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best solution is probably the so-called
outgrower concept, in which a nickel
company has an agreement with farmers
around their site to grow a product which
they sell to the company. By carrying out
such an operation they can improve their
green image because the CO2 expenditure
per ton of nickel is considerably less than for
the nickel metallurgy by the classical
metallurgical routes, and also less polluting.
Moreover, the tailing material of
olivine/serpentine that is spread will capture
CO2 [Wilson et al., 2009] by weathering
reactions of the type

Mg28104 +2 C02 + 8 Hzo -> 2
Mg(HCO;)(OH).2 H,0 + H,SiO,’

At a Ni-content of 0.3 % in the rock, 330
tons of olivine powder must weather to
recover 1 ton of nickel, equivalent to a
sequestration of around 400 ton of CO2. In
this natural way such operations will make a
significant contribution to the mitigation of
climate change [Schuiling and Krijgsman.
2006].

4 GLOBAL POTENTIAL

The proposed farming of nickel from
common rocktypes is extensive. In order to
show what this means with respect to
traditional mining from high-grade nickel
deposits, the following simple order of
magnitude calculation is presented.

Surface of land occupied by dunites or
serpentinites 1 million km®

Nickel concentration 0.3%

Thickness of soil to be used for nickel
farming 0.5 meter

Specific mass of soils on ultramafic rocks
2000 kg/m’

These results in an amount of 3 x 10°
tons of nickel that could be farmed from
common rocks, 2000 times the annual nickel
production of the world (and then, after 2000
years, they can start farming the next 0.5
meter).
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Mining companies with large tailing
dumps of peridotites or serpentinites can
plant these with nickel hyperaccumulators.
After some landscaping and mixing the
tailings with top soil and adding the required
fertilizer, they can become nickel farmers
instead of nickel miners.
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Geomanagement: a New Geoscience or Concept for Mining

M. Marinescu
Faculty of Geology and Geophysics, University of Bucharest, Romania

ABSTRACT Because it is spread in every human activities domain, management is used in
geology also. Further more, today we witness to a new science or a new concept birth, at the
geology and management domains intersection, called geomanagement or geological
management. The geomanagement activity object is, generally speaking, geological
environment and, especially, mineral and power substances (resources) included and
extracted from environment in the shape of raw materials, prevention, attenuation and
fighting off the environment degradation as a result of obtaining mineral and energetic
products processes.

Some geomanagement problems examples can be: mineral and power resources general
management; growth management of the efficiency in geological research; growth
management of the efficiency in obtaining processes of the mineral or power products;
mineral or power waste recovery management; prevention, attenuation and combating of the
environment degradation affected of products obtaining.

The geomanagement can be a new geosciences for geology domain and an new concept
for mining domain.

Key words: geomanagement, managerial geology, geological management, geological
research optimizing, mining optimizing

1 THE MANAGEMENT CONCEPT:
SHORT SUMMARISED

coordinates the other production
factors (labour, land, capital) in order
to attain maximum of efficacy;

e defined from the business point of

1.1 Definitions, Character . . . .
view: a social process which implies

The management can be defined (Marinescu,
2003, 2011) in various ways:

¢ the science that insures the leadership
of all economic and non-economic
processes and units;

e an important social technique of
directing, leading and controlling all
the group’s efforts in order to
achieve a certain common aim;

e process of organization, the skill of
leading, of administering, which
enhances the efficacy of using
material (including geo-resources)
and human resources;

e economical definition: a production
factor ~ which  organizes and

planning and efficient and economic
regulation of a business activity in
order to achieve the assigned aim
and duties.

Management has a complex and
comprehensive character, being met in any
domain of activity of human collectivities,
especially in the economic domain.

1.2 The Need for Management

Any collectivl\i/tly, which wishes to achieve its
aims, needs (Marinescu, 2011): )
¢ an action plan (the forecast function of
management),
e a certamn
function),

structure  (organizing
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e amortization  of efforts
(coordmatlonP; ]
e as wide involvement on its members’
behalf ginvolvin%);
e as well as a check-up (assessment-
control) in order to observe that
everything is carried out according to
the established schedule.
Thus, any collectivity
management.

common

requires

1.3 Scope, Importance and Spreading of
the Management

The management has the task of the society’s
general orienting towards progress and
prosperity in which it is applied.

Its importance is out of the ordinary, a key
factor of economic growth, having the same
importance as advanced technique.

Initially used in Anglo-Saxon countries,
management has seen a rapid development
all over the world, nowadays being critical
for any organized activity. Today it can be
meet in every collective human activity
domain (Marinescu, 2007 a).

2 THE GEOLOGICAL DOMAIN

2.1 Definition, Scope, Importance

In largo sensu, the geology is defined the
science about the Earth, the term being
coined in 1657, by Escholt (Lazarescu,
1980).

A exact definition (stricto sensu) for the
geology: a group of sciences (science
domain) which study the composition
(chemical, litho-stratigraphic, mineralogical,
petrographic, paleontological) and the
architecture (local and overall structure) of
the lithosphere, the phenomena and
processes which induce exchanges within it
and the overall natural ambience in which
the Earth evolves (Lazarescu, 1980).

Practical scope of geology is to identify
and research (Marinescu, 2007a):

e resources of mineral and energetic

substances;

o setting fields (basement), in order to
place on them different buildings or to
counteract the degradation tendencies
(erosion, landslides, downfalls).
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Development of geology domain was
conditioned and propelled by the practical
needs of mining. In present, the importance
of geology for human society is first class.

2.2 Constituent sciences

If, initially, it was considered a single
science, afterwards, along the development
and accumulation of knowledge regarding
the Earth (especially the crust of the Earth),
within its study there have been
individualized several sciences, called
geosciences: strictly geological sciences and
border sciences.

Strictly (pure) geological sciences arose
especially by studying the earth by
independent sciences. They are following:
crystallography, mineralogy, petrography,
geological cartography, physical geology,
structural geology, deposits, hydrogeology,
geological prospects, geological exploration
and so on.

The border sciences (see fig. 1) arose by
overlapping or combining proper geology
with different non-geological sciences. They
are following (with some informations after
Popescu, 2003):

= planetology (combining geology
with astronomy);

= geomechanics (combining geology
with mechanics);

= economic  geology
geology with economics);

= paleoecology or geology of the
environment (combining geology
with ecology);

= engineering geology (combining
geology with engineering);

= paleogeography (combining geology
with geography);

= historical geology (combining the
geology with archeology) etc.

(combining
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Figure 1. Border sciences in geological
domain and their relationship with the other
non-geological  sciences  (with  some
informations after Popescu, 2003).

3 THE MEETING BEETWEN
MANAGEMENT AND GEOLOGY:
GEOMANAGEMENT

Spreading in any human collectivities’
domain of activity, management has reached
in geology as well.

3.1 Geomanagement Location

We believe that nowadays we witness the
emergence of a new geo-science (Marinescu,
2007b), at the intersection between the
geological domain and management (fig. 2),
called geomanagement or managerial
geology. It could have been called as well
geological management if the managerial
aspect develops further.

Suplementary, as a synonym, at the same
time with marketing dissemination, we could
talk about geomarketing (Marinescu, 2009),
at the intersection between the geological
domain and marketing (see, again, fig. 2).

GEQLOGY M AN AGEMENT

MARKETING

Figure 2. Geomanagement location, at the
boundary between Geology and Management
domains (1 = Geomanagement; 2 =
Geomarketing; 3 = Management of the
marketing)

3.2 Definitions and Object of Activity

A first definition of geomanagement can be:
the science of optimizing the set of activities
(planning, decision making, organization,
leadership and control) aimed at adequate
and efficient used of available resources
(human, financial, material and
informational) in order to increase the
geological knowledge of a certain area,
discovery and research of mineral resources
(including their use as basement lands for
buildings) and energetic ones, obtaining raw
materials for processing industries and
protecting the environment against their
polluting effects (Marinescu, 2003).

A second geomanagement definition, from
other point of view can be: the science of
leading and optimizing the set of activities,
works and taken measures, so that, by using
all global resources at hand and under the
condition of observing the laws (juridical,
economic, concerning taxes and
contributions, environment and labour
protection) to achieve a better knowledge of
the geological environment, discovery and
research of mineral resources (including
foundation terrains) and energetic ones,
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industrial assessment and exploitation,
improving their quality by processing and
treatment (to finite mineral and energetic raw
materials),  prevention, attenuation and
fighting off the environment degradation as a
result of obtaining mineral and energetic
products processes (Marinescu, 2011).

The activity object of geomanagement is
(Marinescu, 2007 b), generally, the
geological environment and, especially,
mineral substances it contains and detached
from it, on which it is acted by managerial
methods and means.

3.3 Structure of Geomanagement

Geomanagement is structured (divided) on
production  processes with  geological
character, which it studies, makes more
efficient and orients towards prevention,
attenuation and fighting off environmental
degradation.

Production processes are activities carried
out by people in order to change the nature
of their requirements, aiming at creation of
goods and services (Marinescu, 1997, 2011).

Production processes with geological
character are those production processes
carried out by intervening in geological
environment or in a mineral or energetic
substance extracted by it.

Geomanagement discerns between two
types of production processes with
geological character: service producing and
good producing processes (Marinescu, 1997,
2011).

The services producing processes there
are:

¢ fundamental geological research;

e geological prospecting of of some
areas or bodies of mineral / power
substances

e exploration of mineral and power
bodies and deposits;

¢ industrial assessment and design of
deposits exploitation.

Performed services are those of research
and design.

The processes which produce goods
there are:
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¢ deposits exploitation;

e processing of the raw mineral or
power substances, extracted from
deposits;

¢ treating these substances.

The produced good are:

e raw mineral and power substances,
extracted from deposits;

¢ mineral and power substances with
improved quality (minerals, ores,
ore concentrates, coals, petroleum,
natural gases etc.);

¢ different mineral and energetic

e components (goods: metals, non-
metals, coke, petroleum products).

3.4 An Approach of the Geomanagement
Concept

A way to structure or approach geo-
management is that taught in University of
Bucharest, Geology and geophysics Faculty
(Marinescu, 2003, 2009, 2011). Here we
pursue the following aspects:

¢ mineral resources - the main object of
activity of the geomanagement;

¢ management of production processes
with geological character;

¢ management of increasing the efficacy
of geological research;

¢ management of increasing efficacy of
achieving mineral and energetic
products;

e management of prevention, attenuation
and fighting off the environment
degradation as a result of obtaining
mineral and energetic  products
processes.

Mineral resources - the main object of

activity of geomanagement includes:
» the general issue (common concept)
of mineral resources;
* mankind’s main mineral resources;
» mineral resources of the country.

The management of production processes

with geological character comprises:
= management of geological character
processes: fundamental geological
research, geological prospecting,
geological exploration, industrial
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assessment of deposits and their
exploitation design;

* management of achieving of the
mineral and energetic products:
deposits exploitation, processing of
the raw substances extracted from
deposits, treatment of  such
substances in order to obtain finite
products;

The management of increasing the
efficacy of geological research contains:

= research method optimising:
carrying out the research step by
step; shortening of the research
duration; choosing the most
adequate method of research;

= carrying out research depending on
the requirements of exploitation,
processing and treatment (treating);

= geological assessment optimizing:
determining parameters in research drilling
by geophysical methods; determining the
average values of the calculus parameters for
resources by special methods; choosing the
most adequate method of calculus for reservs
etc.

The management of increasing of the
efficiency of processes necessary to obtain
mineral and power products:

= optimizing the deposits exploitation;

= optimizing processing of mineral and

energetic raw substances extracted
from deposits;

= optimizing the treatment of mineral

and power substances in order to
obtain finite products.

The  management of  prevention,
attenuation and fighting off the environment
degradation as a result of obtaining of the
mineral and power products:

= prevention, attenuation and fighting
off the environment degradation
during the exploitation process and
its rehabilitation;

= prevention, attenuation and fighting
off the environment degradation
during the processing process;

= prevention, attenuation and fighting
off the environment degradation
during the treatment.

Resources tipes (human, financial,
material and informational) and laws
(juridical, economic, concerning taxes and
contributions, environment and labour
protection) regarding mineral and power
resources ca be studied.

4 CONCLUSION

Nowadays, at the geology and
management domains intersection, we
witness the emergence of a new geo-science
called geomanagement, managerial geology
or geological management.

The geomanagement can be a new
geosciences for geology domain and an new
concept for mining domain.

The management is the science of
optimizing the set of activities aimed at
adequate and efficient used of available
resources in order to increase the geological
knowledge of a certain area, discovery and
research of mineral resources and energetic
ones, obtaining raw materials for processing
industries and protecting the environment
against their polluting effects.

It is too, the science of leading and
optimizing the set of activities, works and
taken measures, so that, by using all global
resources at hand and under the condition of
observing the laws to achieve a better
knowledge of the geological environment,
discovery and research of mineral resources
and energetic ones, industrial assessment
and exploitation, improving their quality by
processing and their reduction to finite
mineral and energetic raw materials.

The activity object of geomanagement is,
generally, the geological environment and,
especially, mineral substances it contains and
detached from it, on which it is acted by
managerial methods and means.

Geomanagement is  structured  on
production  processes with  geological
character, which it studies, makes more
efficient and orients towards prevention,
attenuation and fighting off environmental
degradation.

First, the mining businessmans have
geomanagement need. The mining managers,
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miners, and geologists have need
management, too.
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Seismic Observations Data Processing during Mining Operations

Iu.V.Fedotova, O.G.Zhuravleva
Mining institute KSC RAS, Apatity, Russia

ABSTRACT “Mining-Induced Earthquakes Prediction System” (MIEPS) software
developed in the Mining Institute KSC RAS provides data base analysis of mine field seismic
monitoring for mining enterprise. The analysis results are obtained by prediction criteria
complex for giving solution to problems of higher seismic activity zones prediction and
probability calculation of strong seismic events. The system automatically determines type of
each outlined seismic active zone (increasing, pulsatory, stable, attenuated). At the moment
the adaptation of developed MIEPS software is carried out in mines of “Apatit” JSC in the
real time mode. Software advancing is implemented through addition of new prediction
criteria. Developed software is multi-purpose and can be adapted to any mining enterprises.

1 INTRODUCTION

Dynamic events in the rock mass are
random process. To interpret correctly the
results of seismic events recording the
statistical analysis of the data is needed.
Data should be obtained for sufficiently long
time period and within large observation
area. Development of monitoring, analysing
of large number of seismic setting
parameters, improving of  rockburst
prediction models are necessary for large-
scale mining in a highly stress rockburst-
prone massif.

The main task of prediction based on
analysis of the seismic setting parameters is
to determine potentially seismic hazardous
zones taking into account the time factor.

2 METHODS

In the Mining Institute KSC RAS method of
seismic hazardous zones prediction was
developed based on continuous registration
of seismicity. To automate the calculations
the program MIEPS (Mining-induced
Earthquakes  Prediction  System) was
developed. The program can be used to
solving problems of seismic hazardous zones
prediction and calculate probability of strong
seismic events occurrence. Using the
program we can analyze the seismicity in
both real-time and retrospectively.

General data flowchart is shown in
Figure 1.
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Figure 1. MIEPS general data flowchart

The first stage of the program is to  monitoring network  parameters  are
calculate the precursors values. At present important, as well as the requirements for
the following precursors are considered to be  prediction results (e.g. events energy
rock seismicity characteristics: a decreasing  prediction).
fractal dimension, b-value, concentration, At present method and software were
and average length of fractures (Kozyrev et adapted to the Khibiny apatite mines

al., 2010, Sobolev, 1993, Xie et al., 1993,
Zhurkov et al., 1981).

At this stage, the process of method
adaptation to mine conditions, seismic

conditions. The parameters for processing
seismic data are determined (see Table 1).

Table 1. The parameters for processing seismic data

Time window
30 days
1 day step

Energy range
analyzed events 10°-10°J
predicted events 10°-10°]

Space window
cell size 200x200m
75% overlapping

Result of the first stage is spatial-temporal
maps of precursor values distribution.
The second stage of the program is

assessment method of different precursors
(Kozyrev et al., 2010, Kozyrev et al., 2011).
Firstly, the values of each precursor are

complex analysis of precursors based on made comparable using the following
different parameters of seismic emission. For  formula:
that purpose we have developed a complex , X, —min(X)

. max( X)) —min( X)
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where X — range of precursor values; Xi -
precursor initial value; X', - changed
precursor value; 1 = [1..m], m — number of
precursor values.

Then the complex assessment value in a
cell is calculated by formula:

PR .
X' ==—3x,
=

Table 2. Seismic active zone type definition

where N - number of
precursors, X ; - precursor value.
As result maps of the seismic active zones
are obtained for selected observation period
(the third stage). Using complex assessment
values the seismic active zone type is
determined (the fourth stage). Seismic active
zone classification by type of possible
evolution is presented in the Table 2.

separate

Complex assessment

Type of zone Possible evolution
value
~0.50 Increasing The p}robablllt_y qf events group or strong
seismic event is high
Both an occurrence of strong seismic
0.45-0.50 Pulsatory event and transition zone to the stable state
is possible
0.40-0.45 Stable The p}robablllt_y of events group or strong
seismic event is low
Using  retrospective analysis  we
<0.40 Attenuated determined that in such zones, there were

After the seismic active zone contouring
strong the seismic event probability is
calculated. Prediction algorithm for the
Khibiny apatite mines conditions based on

the calculation algorithm of precursor
retrospective  statistical ~ characteristics
(Zavjalov, 2006).

For each precursor statistical

characteristics are calculated: event waiting
average time, probability of event
occurrence, probability of false alarm,
efficiency of prediction by time, efficiency
of prediction by area.

3 RESULTS

Experimental testing was carried out for the
seismic events registered at the United
Kirovsky Mine (UKM), “Apatit” JSC.
Database of seismic events registered by
Automated System of Rock Mass Seismicity
Monitoring in high accuracy area was
considered.

Figure 2 presents an example of seismic
zone type determination by analysis of
events occurred in Ukspor side of UKM.

no strong seismic events
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M Increasing vz&
055 &w
050 Z ""‘J V&‘wf,l i
O i ey
Pulsatory g
045
Stable
040
Attenuated

035 T T T T T

16.11.09 06.12.09 26.1209 15.01.10 040210 240210

Figure 2. Types of seismic active zones

It is clearly seen that given time-space cell
is characterized by high complex assessment
values. During the analyzed period seismic
active zone changed its type twice. Since the
beginning of the seismic setting analysis for
a given cell (from 16.11.2009 to 04.12.2009)
there is a slight change in complex
assessment values (range 0.45-0.50). Type of
seismic active zone is pulsatory.

Significant  increasing of  complex
assessment values (>0.5) was observed on
05.12.2009. Type of seismic active zone is
increasing. Before 14.12.2009 there was no
significant change of complex assessment
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values. Significant increase was observed
starting from 15.12.2009. This is due to a
high concentration of seismic events (energy
class K<5) in the center of the cell in
comparison with the previous days. On
24.12.2009 seismic events with energy class
K=5 occurred. After that the fall of the
complex assessment values was observed.
From 26.12.2009 to 23.01.2010 the complex
assessment values increased. During this
period the type of seismic active zone is
increasing. Therefore, probability is high of
events group or strong seismic event
occurrence.

The increase of values on 24.01.2010,
apparently, indicates the beginning of strong
event or events group forming. This
assumption is confirmed by group of events
occurred on 04-05.02.2010. During these
two days 25 seismic events occurred (one of
K=6, 3 events of K=4 and 21 events of K=3).

Later in the cell no more than 2 of seismic
events per day occurred. Sometimes no
events occurred. The complex assessment
values decreased gradually. On 14.02.2010
the type of seismic active zone was
pulsatory. This indicates that after the events
group occurrence the rock mass changed to a
more stable state.

Thus, the seismic active zone can evolve
from one type to another making it possible
to identify the forming stage of strong
seismic event or events group. Timely
detection of the focal source forming is an
important stage of the prediction. This is
demonstrated by the following example.

One of successful prediction by complex
assessment method used was detection of
main fault forming and occurrence of
roofing failure in the Ukspor side of UKM
(Figure 3). A precursor was detected 3 days
before roofing failure (short-term
prediction). In this time a complex
assessment value changed from 0.50 to 0.55
(transfer of pulsatory seismic zone to
increasing seismic zone), and a seismic
active zone increased in 1.5 times within 24
hours.
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After detection of precursor of strong

seismic event or events group (on
21.05.2012)  there = were  calculated
probability of event occurrence, event

waiting average time and other statistical
characteristics.  Calculation results are
presented in the Table 3.

Table 3. Report of strong seismic event
probability calculation

Statistical characteristic Value
Observation area (m?) 160000
Observation period (days) 213

Event waiting time (days) 7

Probability of event occurrence 0.38
Probability of false alarm 0.12
Efficiency of prediction by time 2.89
Efficiency of prediction by area 11.89

It is clearly seen that the probability of
event occurrence is 0.38, event waiting time
is 7 days.

4 DISCUSSION

In general, geodynamic regime in the
Khibiny apatite mines is characterized by the
fact that over the last seven years the number
of  rockbursts and  mining-induced
earthquakes has increased significantly. It
can be determined by increasing field of
mining operation in the joint zones of
adjacent mines. Therefore, daily detailed
analysis of the spatial-time regularities of the
seismicity evolution in the rock mechanic
space of mines ("Apatit" JSC) is necessary
using data of seismic monitoring system.

Factors  determining the  region’s
seismicity are high horizontal stresses in the
rock mass, long-term exploited deposits and
seasonal rock watering. They result in blocks
movements along the faults. The blasting of
blasthole rings in this part of the rock mass
(23.05.2012) triggered the growing of the
main fault, accompanied by seismic events
(with energy <2-107J). This caused rock self-
caving. Figure 3 shows that in May 2012
seismic active zone changed configuration
during the observation period.

Using the complex assessment method
precursor was detected 3 days before seismic

events  group  occurrence.  Complex
assessment values and seismic active zone
size increased significantly. Type of seismic
active zone changed from pulsatory to
increasing. This can indicate a more intense
destruction of the rock mass.

Therefore, if consider complex assessment
value change in time, it makes possible to
determine time for failure forming and
related strong seismic event.

In addition, probability of the strong
seismic event occurrence was calculated and
found equal to less than 50% by the waiting
time of 7 days. When making result
assessment of probability prediction it is
necessary, first of all, to meet the
requirements of the mining enterprises.

As it is known (Ulomov et al., 2002) there
are four types of earthquake prediction:
long-term — for decades; mid-term — for
years; short-term-for days-months; real-time
prediction for minutes and hours.

It works well for natural earthquake
prediction. Analysis of mining-induced
seismicity stands for seismic events of lesser
energy class rather than natural earthquakes.
That is why the duration of mining-induced
seismicity prediction is less. Moreover, it is
necessary to meet the requirements of the
mining enterprises to prediction results. The
most preferable one is the prediction with
waiting time of up to 3 days. Prediction
results of waiting time up to 1 month can be
taken into notice, however, to shutdown the
operations for such a long period of time
makes no economic sense. Therefore, in our
studies we take short-term prediction as a
prediction of 1-3 days, mid-term prediction
of 3 days to 1 month, long-term prediction of
more than 1 month.

Based on these assumptions, failure
prediction results in Yukspor side of UKM
can be considered close to the requirements
of the mining enterprise in time of strong
event waiting. However, event probability
value (up to 50%) for the mining enterprise
in this case is not appropriate. Nevertheless,
the scope of obtained results (significant
change of seismic zone size, significant
increase of complex assessment values,
statistical characteristic calculation results)
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allow monitoring service to take into
account the data of seismic observations and
to make decision on preventive measures in
advance (i.e. 3 days before the failure).

5 CONCLUSIONS

Results presented in the paper are obtained
using MIEPS software. The time spent for
calculation was about 15 minutes. The most
of time takes the strong seismic event
probability calculation and other statistical
characteristics. Therefore, developed
program  provides  with  operational
assessment of seismic setting changes.

Developed methods and software can be
applied for various deposits after adaptation
to specific conditions.

At present the complex assessment
method and the software are tested at the
mines owned by “Apatit” JSC.
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Impact of Natural Factors on Mining-Induced Seismicity
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ABSTRACT A partial destruction of rocks filling tectonic failures has occurred as a result of
long-term mining-induced effects. It has resulted in loss of massif stability on the whole.
Large seismic events have begun to occur for last decade. One should pay attention to their
occurrence in the periods of the maximum rock mass flooding (watering). The paper presents
results of analysis of meteorological factors influence on seismic behavior changing.

1 INTRODUCTION

The Khibiny massif is characterized by high
horizontal  stresses and  complicated
geodynamic  situation. Seismic  activity
within the mine fields of “Apatit” JSC
developing high-stressed apatite-nepheline
deposits has been registered since 1987 by
Automated System of Rockmass Seismicity
Monitoring (ASRSM) of Geophysical
Monitoring Center (GMC). Registered data
analysis established that seismic setting is
non-stationary within the area of large-scale
mining works. The reason is disturbing
factors such as blasting works during ore
breaking in mines and rock mass flooding
during the periods of intense rains and snow
melting. Different scale fracturing defines
liquid saturation of the rock mass. Seismic
response can be different depending on the
porosity and moisture permeability of the
rocks made up the developed deposit.
Large-scale mining and active tectonic
processes results in redistribution of stresses
and accumulation of potential energy in the
rock mass. This energy is transformed into
kinetic one as geodynamic processes
(movements along the previously weakened
faults and rock mass fracturing). Due to this,
geodynamic processes result in different

rock pressure occurrences in mine workings
and fracture opening thus accompanying by
scaling along plane of rupture formed
before. As a consequence, seismic process
activation takes place that causes seismic
setting change and registered events
increasing. Each large seismic event can be
preceded and accompanied by series of
smaller ones — foreshocks and aftershocks.
Impact of hydrogeological factor on the
static condition of the rock mass was
revealed during operation of many deposits.
There are cases when sharp changes of
atmospheric  pressure  connected  with
meteorological fronts coincide with local
earthquakes.

The Khibiny massif with elevation over
the surrounding flatland at average 800-
850m (maximum heights are about 1200m)
is natural barrier for circulations in the
atmosphere. As some researchers note, its
induced raising for flowing around the
massif sharply changes the climatic situation
in the Khibiny. As a result, the general
temperature fall occurs, the wind and cloud
formation increases, precipitation amount
and air humidity rises.

The precipitation in Khibiny is abundant
as Kola Peninsula is located on the way of
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cyclones. Meteorological station Khibiny
registers annual precipitation amount of
650mm. Yukspor plateau — 1340mm.

The United Kirovsky Mine (UKM) has
been developing Kukisvumchorr and
Yukspor deposits by underground mining
since 1929. Operating deposits are plasto-
lenticular orebeds and form one orebody of
north-western trending strike. There are 4
heights under development: +410m, +320m,
+250m and +170m. Part of the reserves of
the orebody footwall is developed by open-
pit mining in Severny mine.

Rocks of deposit, oxide and fractured, are
relieved of tectonic stresses. Probably due to
the same reason, cross and sheet fractures
are found mainly in apatite-nepheline rocks.
One of the examples can be the sheet
fracture in the upper contact of orebody
found over the entire Kukisvumchorr-
Yukspor deposit. Such fractures break usual
rectangular block system and form more
complicated - polygonal one. Block
structure, high horizontal stresses, hard
brittle rocks and dynamic occurrences of the
rock pressure allow to refer developed
deposits  to  prone-to-rockburst  and
hazardous.

On the one hand, induced by engineering
activities related deposit development, and
on the other hand — natural geological
processes in the Earth’s crust in the Khibiny
massif took place either sudden block
movements along the faults relative to one
another or fracture propagation inside the
blocks resulting as seismic events of
different energy level. Water coming from
surface into the rock mass, increases
pressure in the pores and fractures, and rock
blocks found on the brink of sliding sharply
shift from its locations (Kozyrev, 2010).

Therefore, interrelations of natural factors
(as temperature, precipitation and watering
of rocks) and seismic activity of the rock
mass is of interest.
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2 METHODS

In order to reveal the interrelation of data
analyzed, the parameters of normal
distribution law were used in calculations:
root-mean-square  value and standard
deviation.

In order to reveal higher seismicity
indicator was selected of fracture length (L,
m), of higher watering — average watering
value in UKM, including Saamskii open-pit
(W, m*/hour).

Fracture length (L) being the basic precursor
(parameter of zone hazard) is calculated
using the following formula:

V.-T
Where: E — event energy (J); V — registration
area (km’); T — time interval for average
long-term (days).

Watering values were taken and processed
from the measurement log of water inflows
in mine. Each value of these parameters
deducts  root-mean-square  value and
standard deviation.

For analyzed period average value of
fracture design length was 8,6m, the average
value of watering level of the rock mass was
1936 m’/hour.

During studies the periods of rock mass
higher seismicity and watering were revealed
with a probability of about 0,7 according to
the normal distribution law. Figure 1
presents histogram based on the calculation
results. The simultaneous peak formation of
higher watering (W) and higher seismicity
(L) can be seen there. The interrelation can
be followed this way: for 10
maximums/peaks of higher seismicity there
are 8 maximums of higher watering per one
time period. Local meteorological station
registered  significant  increasing  of
precipitation for that period.
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Figure 1. Seismicity increase (L) and watering (W) for the period 2002-2010 taking into
account normal distribution law. The United Kirovsky Mine

3 RESULTS

Let’s make analysis of mining-induced
earthquake that took place on 21.10.2010.
The  population of  Kukisvumchorr
settlement, towns of Kirovsk and Apatity
experienced the event with energy of
E=3.18x10°J  that further on was
accompanied by the long-term aftershock
series of seismic events. Figure 2 shows
atmospheric  precipitation  values and
seismicity parameters one month before the
event. It is clearly seen from the graph by
maximum peaks that there were steady rains
one month before the event; they initiate
seismicity increase resulting in higher
number of seismic events and fracture length
propagation.
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Figure 2. Dependence of rockmass
seismicity on atmospheric precipitation.
Large number of atmospheric

precipitation impacted the inflow increase,
i.e. rock mass watering increase (Fig.32, total
value for September was 9204 m’/hour.
Total values of rock mass watering were less
in October and November. Negative
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temperatures (below 0°C) during these
months were registered more often than in
September. Fractures filled with water got
frozen thus resulting in higher seismicity of
the region.
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Figure 3. Total value of rock mass watering
and seismicity for a month

Figure 4 shows seismic energy
distribution and increase of natural seismic
events amount for the day of earthquake. It
is evident from the graph that amount of
events after the main shock decreased but,
however, energy of the event didn’t reduce.
This points to the fact that seismic activity in
this region changed upwards.
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Figure 4. Distribution of seismic energy (E)
and increasing amount of seismic events (N)

2114

As follows from the analysis of the
interrelation  between the amount of
atmospheric precipitation and rock mass
seismicity, the correlation coefficients were
computed. The computation data showed
that correlation coefficient is equal to 0,64 —
between the precipitation and fracture length
propagation and 0,72 - between the
precipitation and amount of seismic events.
Obtained correlation coefficients approached
to 1 thus proving fine convergence.

Geodynamic event indicators can be gas
components as well found in any geological
formations. Gases due to its mobility are
quite sensitive to the host rock state change.
There are prospects of using molecular
hydrogen emanations as precursors of
natural and man-made processes.

In the Khibiny massif the significant and
available for study accumulations of
molecular hydrogen in the Earth’ crust have
been established before. For gases of self-
induced (free, spontancous) emanations
(GSE) it is characteristic to have various
combinations of filtration (jet efflux) and
diffusion efflux out of rocks. Bubbling of
gas bubbles through the water is observed,
intensive short-term gas and drilling fluid
releases takes place from drill-holes.

In most cases GSE hydrogen (during
diffusion emanation) is often the prevailing
component. Hydrocarbon generation, to a
considerable degree or in full, relates to the
processes of rock mass formation, but for
spontaneously emanated hydrogen there are
different sources including Earth’ core. GSE
are specific for spatial and temporal
composition variations, excess pressure and
emanation intensity. Space localization of
gas showings is mainly defined by the
structure and tectonics of the rockmass and
changing of its characteristics in time is
determined by overall influence of many
factors among which are geodynamic,
seismic, hydrogeological, space and man-
made ones.

Figure 5 presents the map with
geodynamic events taken place during 24
hours on 20-21 October 2010. It can be seen
that registered events coincide with the main
regions of geological faults.
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Figure 5. Map of seismic events, 21.10.10

For more than half of a century of the gas

studies _in the Khibiny massif, free hydroge.n 4 DISCUSSION

emanation was undeservedly underpaid .

attention. In geoecological aspect study of I this paper the study results are presented
molecular hydrogen emanation is important ~ On  interrelation of ~ emanated subsoil
due to its high reaction capacity, mobility hydrqgen concentration Change and bulk
and occurrence. Under certain conditions blastlng and seismicity .change in the area of
combustible and explosion-prone GSR can thf: United Kirovsky Mine. In order to reveal
be accumulated in ore mining workings thus thl? dependence, the databqse gr}d message
seriously disturbing the technological cycle —register of rock mass seismicity control
and create a threat for health and life of (ASKSM) automated system of the

mining workers. Geophysical Monitoring System, “Apatit”
The Khibiny massif is characterized by JSC from 2007 to 2009 have been processed.
unusually for magmatic formations high gas Using Seismic Time System (STS)

content and inhomogeneous distribution of software (subsystem of roundup analysis
tectonic stresses sometimes ten times higher ~ASRSM) there have been found and
that lithostatic as well as presence of analysed the most important seismic events
significant natural and induced seismicity. for the study. These events are the following:

One of the most challenging problems for bulk ;blasts, natural events with energy of
developing deposits is assessment of rock ~E>10"J and events that took place outside of
stress-strained  state and prediction of  registration zone but important in respect of
dynamic manifestations of the rock pressure, ~ the time and coordinates. In order to obtain
such as rockbursts and shallow-focus hydrogenometric indexes the modification
mining-induced ~ earthquakes. Therefore, device VG-3 with measuring range of
various interrelations of gasometric and rock ~ hydrogen concentration in the air of 0,0001
mechanical parameters of the rock mass are  © 0,01 volume % (1-100ppm), accuracy
of special interest (Nivin, 2010).
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grade 0,0001 volume %, relative error +3%,
recording period — from 1sec to 99hours.
Study results were obtained based on
retrospective data analysis for the period of
observations 2007-2009. It can be seen from
this chart on Figure 6, subsoil hydrogen
concentration increase mainly preceded the

increase of natural seismic events (e.g., on
23.10.09 subsoil hydrogen emanation
increased from 14 to 62ppm, on 25.10.09
fracture propagation was observed from
6,40m to 31,02m).
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Figure 6. Distribution of seismicity in UKM and H, subsoil hydrogen emanation

Blasting information correlation with the
results of subsoil hydrogen amount
measurements in UKM for the given
observation period is demonstrated in Figure
7. It is clearly seen that after bulk blasting
the dynamics of deep hydrogen emanation

changes to higher concentration. Therefore,
it can be concluded that blasting works in
the mine contributes to the dynamics of
subsoil hydrogen emanation.
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Figure 7. Bulk blasting in UKM and H2 subsoil hydrogen concentration distribution
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Let’s analyze the periods of the deep
hydrogen high concentrations and bulk
blasting with seismicity changed for specific
time interval.

On 1.11.07 the subsoil hydrogen
concentration is 4lppm, in three days
hydrogen concentration decreased to 27ppm.
On 4, 11, 18 & 25 November 2007 there
were bulk blasting works in UKM. For that
time period it is observed either increasing
(up to 74ppm) and decreasing (21ppm) of
hydrogen emanation (Fig.8). According to

hydrogen measurement instrument readings
the values of concentration changes upward
the next day after blasting. Then, as the
graph shows (Fig.6), follows sharp increase
of seismicity — fracture computational length
changed from 32m (data of 4.11.07) to 68m
(1.12.07). For that time period higher
seismicity zones were registered 4 times
having 1st level of rockburst hazard
10.11.07, 26.11.07, 28.11.07, 29.11.07 (Fig.
8).
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Figure 8. Bulk blasting in UKM and H2 subsoil hydrogen concentration distribution for
periods of higher seismicity zone activation. 2007

Let’s consider summer season: on 1.07.08
the amount of free hydrogen emanated was
14,2ppm. Bulk blasting in July of 2008 was
on 6th, 20th and 27th day (Fig.9). According
to the readings of hydrogen measurement
instrument dated 6th and 7th July subsoil
hydrogen concentration didn’t change -

22,3ppm, fracture length increased from 15
m (1.07.08) per day up to 62m (9.07.08)
(Fig.6). Based on message registry data for
9th and 10th July 2008 there were
announced the 1st level of regional/local
rockburst hazard (Fig.9).

K : i | W=/
1 R S YN

300 455
-
. 40 3
P
g
;250 35 &
200 30 5
= 25 &
=
5150 20 E
= 100 15‘5
I 50 10 =
g
E 5 2
[ S (IR MRS i S
@ W W W W W W W W W w©
L= — N — T — B — T — T — N — T — T — B 1
L = R R — R — I T — I — I — T ]
488888888
oo oo
=R R I T — e — ]
e - I N I I - ]
S O O M HEH H NN @M
‘ Bl weight of explosives concentration H2 ‘

X S00 600 700 200 900 10001100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 3900 3000 3100 3200 3300 2400

Figure 9 Bulk blasting in UKM and H2 subsoil hydrogen concentration distribution for
periods of higher seismicity zone activation.2008
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In  October 2009 subsoil hydrogen
concentration for 1.10.09 was equal to
6ppm, after bulk blast on 4.10.09 this value
increased up to 16ppm (Figure 10). Bulk
blasting were on 11th, 18th and 25th, on the
graph (Fig. 10) it is easily observed subsoil
hydrogen concentration increase after
blasting in mine. Figure shows that peaks of
subsoil hydrogen concentration emanated
precede peaks of fracture length. Based on

message log data for 9 and 13 October 2008
there were announced the Ist level of
regional/local rockburst hazard. Figure 10
(on the right) presents the map of prone-to-
rockburst zones of higher seismicity I and II
levels for October 2009; isolines stand for
the most seismic hazardous sites of the mine
for the given observation period.
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Therefore, seasonal peaks of deep
hydrogen emanation after bulk blasting
coincide with further higher seismicity zones
manifestation thus proving mining-induced
character of seismicity in the Khibiny
massif.

Figure 11 presents bar graph of seismicity
distribution in the Khibiny massif, deep H,
concentration emanation and amount of
explosives by months during the period
2007-2009. Based on increasing and
decreasing peaks the interrelation of rock
mass seismicity decline and increase is
observed depending on increasing or
decreasing of subsoil hydrogen emanated
after bulk blasting. Comparison of the small
seismic events with hydrogen trace shows
that it is often preceded by the increase (to a
greater or lesser degree) of gas emission
intensity thus answering the expectations.
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Zone of higher seismicity I level (Average +1x Standard deviation)
Zone of higher seismicity II level (Average +3x Standard deviation)

However, on the whole the interrelation
between these phenomena at this stage of
investigations is unambiguous. Many
seismic events including large ones took
place before and under the slight increase of
hydrogen emanation or even against its
relatively constant low concentration. On the
other hand, by no means, all maximums of
gas emission are accompanied by the
following seismicity. Among the reasons
that in practice can’t reliably prove
important relation of considered parameters,
probably are short duration of time series,
neglecting of seismic events distance from
hydrogen monitoring station and lack of 1 or
2 stations on the boundary of the mine field
and outside the massif.
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Further on the data time series will be
extended and subjected to computational
processing. Moreover, spatial coordinates of
seismic events will be taken into account,
and it is supposed to single out and consider
separately the components in the dynamics
of hydrogen trace that are determined by the
global geophysical factors and change in
stress-strained state of the rock mass local
sites.

Therefore, the prospects of gasometric
indexes of seismic hazard assessment and
prediction for local natural-engineering
systems such as the Khibiny massif’s
operating mineral deposit are seen actual. If
these indexes prove to be successful, in
future obtained experience can be applied
when finding solutions of the extremely
challenging problem of strong natural
earthquake prediction.

5 CONCLUSION

Study results allow to make the following
conclusions relating the impact of the natural
factors on the mining-induced seismicity:

With increasing amount of atmospheric
precipitation, the rock mass watering rises
during the process of pore and fracture water
filling in the rocks thus resulting in
geodynamic events increase in the rock
mass. Rock failure can be of two types:
either it is the block movement along the
dividing fault filled with water (“sliding”

mechanism), or during new fractures
formation due to sudden change of
temperature regime (“discontinuous”

mechanism). It can be checked out by
increasing amount of natural events per day
with high energy (10°-10*J) and increasing
total length of fractures as well (Melnikov,
2007).

Seasonal growth of water inflows results
in water saturation of weakened zones where
water comes from the surface to the deep
rock mass. During underground mining it
takes much trouble to drain water out of
mining workings. It is necessary to take into
account the change in the stress-strained
state of the rock mass under the impact of
operational (type of mine development) and
natural (hydrological regime) factors.
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Considered  results  confirmed the
assumption that peaks of deep hydrogen
emanation after bulk blasting coincide with
the following higher seismicity zone
occurrence thus proving mining-induced
character of seismicity in the Khibiny rock
massif.
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ABSTRACT The detection of suboutcropping pegmatite deposits in regions recognizably
fertile regarding the occurrence of pegmatites depends upon the optimization of conceptual
models which support the interpretation of the regional distribution of pegmatites and the
structure of their assemblies. In intra-granitic context is at concern the more conventional
cartographic expression of pegmatites in connection with the structuring of granitic cupolas.
The establishment of occurrence situations linked to certain lithological units or structural
alignments is a pathway for the delimitation of productive research areas. Some productivity
situations deduced from geological mapping include: accommodation in preferred structural
directions, proximity to mixing-mingling corridors, certain petrographic structuring units that
reflect irregularities in terms of flow and fractionation processes, and trends of hydrothermal
and supergene alteration of host granitic masses. The detection of these aspects, to regard as
exploration guides, can avail itself of remote sensing, as they represent contrasting chromatic
lithotypes with sufficient surface continuity.

1 INTRODUCTION The establishment  of  occurrence

situations in connection with certain

The detection of sub outcropping pegmatite
deposits in regions recognizably or
hypothetically  fertile  regarding  the
occurrence of pegmatites of economic
interest, depends upon the optimization of
conceptual models which support the
interpretation of the regional distribution of
pegmatites and the structure of their
assemblies.

In intra-granitic context it at concern, the
more conventional cartographic expression
of pegmatites occurrence in connection with
the structuring of granitic domes, often
batholitic. The deduction of its potential to
generate pegmatites and the levels of
emplacement within the granitic columns
depends on reconstitution of the functioning
of the cupolas and plutonic evolution.

structuring lithological units or structural
alignments that can be envisioned by the
location of known bodies is a pathway for
the delimitation of productive research areas,
which can, hypothetically be extrapolated
and applied to most intra-granitic pegmatite
occurrences.

Using geological mapping studies in the
surroundings of pegmatitic occurrences in
northern and central Portugal, and remote
analysis of satellite images, it was possible
to discriminate in compartments representing
different levels of accommodation, a
multitude  of  significant  productivity
situations tending for the evidence of hidden
pegmatites, which are discussed below.
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1.1 Tectonic-orogenic conditioning of the
emplacement of pegmatites

In North and Central Portugal most
pegmatites appear in a cartographic space
more or less coincident with the limits
proposed by Lotze (1945) for the Central
Iberian Zone (CIZ) of the Variscan Chain.
The Central Iberian Pegmatite Belt (CCI)
(Leal Gomes & Nunes, 2003) corresponds to
the encompassing unit set for the regional
distribution of bodies and dykes in the
North and Centre of Portugal, which can
hold all classes of pegmatites discriminated
by Ginsburg et al. (1979) (Fig. 1). In this
compartment, the regional division -
pegmatite field - is the level of organization
best suited to structurally discriminate
pegmatites (Leal Gomes & Nunes, 2003).

In CCI, the pegmatites are related to
granitic intrusions associable to the Variscan
Orogeny. Ages are close to those that
characterize the granites — 300 Ma
(evolution of older granites) and 290 Ma
(later granites). The parental plutonites are
syn-tectonic two-mica granites and late to
post-tectonic biotite granites.

In the final stages of the Variscan
orogeny, are defined mega-scale corridors
and ductile-brittle shear zones, subject to
successive events of reactivation.

Thus, the geometric configuration of the
fields is also influenced by horst-graben type
displacements and adjustments, associated
with major accidents parallel to the Vilarica
type lineaments (Fig.1).

The diversity of pegmatites represented
here comes from metallogenic specialization
of parental granites, magmatic fractionation
trends of their more evolved terms and
deformational conditions of installation
environments (Leal Gomes & Nunes, 2003).

Pegmatites hosted in granites, correspond
to miarolitic ceramic pegmatites, related to
late to post-tectonic granites regarding the
3rd phase of Variscan deformation (intra-
Westphalian, D3). In most cases these are
essentially biotite granites, medium to coarse
grained sometimes porphyroid.

The sets and pegmatitic bodies acquire
irregular shapes, or more regular geometries:
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A-Trregular miarolitic or massive bodies -
related to diapir like mobilizations.

B- Tabular bodies - related to intrusion
into cupolas decompression bands in
upper levels of the crust, where there
is a prevalence of fragile conditions.

Geotectonic units

[ Continental Series

[T1 Mecsocenozoic Borders

E=3 Alpine

[ Hesperic Massif

E= Allochthonous Units
Major geotectonic Limits

ZGTM - Galiza Trds-os-Montes 7.one,
ZCI- Central Iberian Zone

LOM - Ussa Morena Zone

ZSF - South Portuguese Zone

ZOAL - West Asturian-Leonese Zone
ZC - Catabrian Zone

Distribution of pegmatites

Llongation axes of pegmatite
fields of Variscan Province

Major lineaments of CCT with
influence on the genesis and
evolution of CCI pegmatites

-

Figure 1 — Position of pegmatite fields in
the Central Iberian Pegmatite Belt (CCI).
Paleogeographic zonography to the West of
the Iberian Peninsula (adapted from Leal
Gomes and Nunes, 2003).

Leal Gomes & Nunes (2003) and
Guimaraes & Leal Gomes (2010), suggest a
correlation between the dimensions and
shapes of the pegmatite bodies and the
chronology of parental granite emplacement.

1.2 Concerned pegmatite fields

The intra-granitic pegmatite fields of CCI,
considered most useful for detecting
conspicuous pegmatite distribution
organizations and relevant compositional
properties of host granitic masses, capable of
assisting the detection of sub-outcropping
pegmatite sets and bodies, and at the same
time, able to cover a multitude of significant
evidence situations, correspond to the areas
of study: Ponte da Barca (Silva, 2002),
Chaves (Pereira et al., 1998 and Pereira,
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2005), Satdo-Aguiar da Beira (Leal Gomes,
Trabulo et al, 1995, Guimardes, 2012),
Guarda-Belmonte (Silva ef al., 2006, Ramos,
1998; Correia Neves, 1960).

The location and tectonic-orogenic
conditioning of the studied pegmatitic fields
and granitic areas are shown in Figure 2.

Variscan Granitoids
D Late- to post- tectonic
granites

(| Syn-tectonic granites

Pegmatite fields

Ponte du Barca
Chaves
Alto Vouga (Viseu-Satdo)

Guarda-Belmonte

Major lineaments of CCI with
influence on the genesis and
evolution of CCI pegmaliles

Figure 2 - Identification of areas with
studied granitic pegmatite fields. Location in
relation to the distribution of syn- and late-
to post-tectonic Variscan granites. Legend as
in Figure 1.

There, are represented contrasting
granitoid types in contact, showing specific
aspects of the distribution of genetically
related pegmatites.

Overall, these express different levels of
exhumation, morphological expression, and
structural levels of swarms emplacement. In
all cases, pegmatites have cupolar location in
relation to the late-tectonic granites.

The contrasts of the pegmatites are
manifested in the chemical typology, LCT
and NYF, in the paragenetic and
morphological diversity and, in respect of
specific mineralizations (Table 1).

2 SITUATIONS OF ACCOMODATION
AND ENTITIES RELATED TO THE
CCI PEGMATITES

Are here contemplated the more consistent
geometric organizations of pegmatite bodies
in relation with the main brittle-ductile
deformation structures, the cartographic
expression of pegmatites relative to the host
granites and certain related petrographic
abnormalities, which are apparent in the
studied pegmatite fields of the CCI.

2.1 Structural and geomorphological
patterns of pegmatites emplacement

The late-Variscan shear corridors correspond
to polycyclic magma feeding systems
capable of transmitting the installation of
pegmatite magmas, which evolve by gradual
and direct "in situ" fractionation. The
drainage and accommodation environments
are fundamentally transtensive, formulated
in ductile-brittle ruptures developed during
the consolidation of magmas, or resulting
from reactivation of earlier structures,
precocious in the structuring of the Iberian
Variscan Chain.

In northern and central Portugal,
directions NW-SE, NNE-SSW and ENE-
WSW (see Fig. 2) and especially their
intersections, have decisive influence on
pegmatite accommodation and seem to
control the alignment of pegmatite bodies.

In the several pegmatite fields considered
for study, the more consistent shears have
N10-30°E direction, observing the strict
alignment of bodies under this direction.
These should represent preferred percolation
corridors, and may express paths linking
pegmatite bodies. Simultaneously, suggest
that the emplacement is related to an episode
more or less bounded on the evolution of the
regional stress field.

In Chaves (Fig. 2), this direction also plays
the role of transmitting post-tectonic
magmas, in the last stages of transcurrent
deformation, already in uplifting, which
should provide the felsic differentiated
pegmatite magmas, which evolve from
gravitational  stratification  panels, in
successive stages of granitic cupola collapse
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- stocksheider pegmatites with endogranite /
exogranite complex (Pereira et al., 1998 and
Pereira, 2005).

It is also deduced from the analysis of
intra-granitic fields, that the pegmatites often

have locations near elongated ridges, which
are adjacent to continuous lineaments. This
topographic location should retract the main
structural domains of emplacement in
granitic domes.

Table 1 — Emplacement domains and discrimination of morphologies, paragenesis and
mineralizations specific to the pegmatites of CCI fields covered in this study.

STUDIED AREAS PONTE DA CHAVES ALTO VOUGA GUARDA-BELMONTE
S BARCA
Emplacement Intra-granitic Peri-granitic Intra-granitic Peri-granitic Intra-granitic
domains
Irregular bodies “Stocksheider” Irregular bodies Bodies related Spidery Sills
(inverted drop (related to granite (dumbbell, to granite irregular
Morphoscopy and and hourglass cupola colapse) inverted drop, cupola collapse bodies
morphometry ff)rmsA);A tabulgr hqurglass and and rooted sills
miarolitic bodies spidery forms)
Miarolitic Hybrid miarolitic ~ Hybrid miarolitic Rare elements Hybrid Rare
NYF-(LCT) (LCT-petalitic) elements
Typology (LCT-
lepidolitic)
Pedra da Moura, Seixigal Senhora de Queiriga- Fonte da Alvarrdes,
Dornas, Mata da Assuncdo, Vigia, Lousadela Cal, Vela, Porto
Paradigmatic Galinheira, Pestarenga, Bendada Tomé
pegmatites Brufe, Corujeira, Vila
Carvalheira, Longa, Venturinha
Covide
- Fe, Mn,Li -Fluorapatite Beryl + Li-Fe-Mn-  PetalitetLepido - Beryl+ - Lepidolite
phosphates + +Chlorite+Schorl Al phosphates +  litetspodumene Columbite-  + topaz +
Sphalerite, - Cassiterite sulphides + Nb-  +topaztberyl+c  tantalite+ tantalite +
T hi Arsenopyrite, +Molibdenite+Ta  Ta-Ti-U oxides.  assiteritetwolfr ~ Zinwaldite  cassiterite +
ypomorphic Pyrite, Pyrrhotite, ntite; amite+Nb-Ta-  + lollingite polilythionit
accessory Ilmenite; - Fluorapatite+ Ti oxides + + Fe-Mn e+ beryl
paragenesis - Beryl + Li Phenakite+Bertra sulphides + phosphates
muscovite + ndrite+OH- sulphosalts +
Tantalite + Herderite carbonates+
Zircon. fluorite.
Ti>Zn>As>(Li) Mg Be>Nb>Ta Li>Be>Sn> Be > Li>Ta>
>W > Mo > Ta>Nb>W>Bi Nb>Ta> Nb>Be>Sn>
Mineralization Be>Li>Ta>Nb>Z  Sn>Mo>Ta>Ti Li>Sn W > Mo > Cs
! Li>Sn
Be>Mo
* corresponding to pegmatite fields of the CCI. Location in Figure 2.
At issue is the  compositional

2.2 “Roof-pendants”, “stopped-blocks”,
and magma mixing corridors (mixing-
mingling processes)

The pegmatitic productivity in some sectors
appears to be related to contamination
processes produced by the interaction of
different types of magma, during the rise in
the chambers, or resulting from the
incorporation of portions of host rock, by
collapsing of the chambers roofs.
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hybridization by mixing with more basic

magmas and digestion of polygenic
metamorphic rocks, resulting from the
transfer of  “liquidus”  depressors -

hygromagmaphile and volatile elements — to
the felsic magma, increasing its pegmatite
generating potential (Leal Gomes and
Nunes, 2003).

The proximity of the contaminated cupola
chamber is revealed by the presence of
stopped-blocks and roof-pendants. The
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inclusion or proximity to mixing corridors is
revealed by stripes of concentration or
proliferation of enclaves. These are common
in directions that seem to converge to the
pegmatitic bodies or constrain their
alignment. They can take mega-scale
expression, defining magmatic flow patterns
consistent with the trajectories of pegmatitic
magmas injection.

Mixing and contamination corridors are
especially notable in the area of Ponte da
Barca, where the most abundant enclaves,
hosted in coarse grain porphyroid granites
are hyper-micaceous xenoliths and rounded
to ellipsoidal heterogeneous enclaves with
meso to melanocratic tendency, fine-grained
with or without phenocrysts. Fine to medium
grain leucogranitic enclaves may be common
in corridors established close to apical
contacts between co-magmatic granites.

2.3 Heterogeneities in granitic cupolas
and petrographic signatures of apical
fractionation and segregation trends

Interface environments between granites,
arising or not from cupola differentiation,
appear to control the distribution of
pegmatite swarms on its periphery.

In the geographical areas discussed
herein, the bodies appear to have a well
defined relationship with these interfaces
between two or more granite.

Moreover, depending on the evolutive
complexity of the generator plutonite, are
expressed structuring lithologic units in host
domes, which reflect irregularities in terms
of flow processes and fractionation, showing
a greater pegmatitic productivity in their
neighborhood.

Some productive transitions on these
interfaces could be discriminated and are
marked by certain fluidal configurations,
petrographic fractionation and segregation
trends that are discussed below.

2.3.1 Leucocratic facies with low
granulometry and strong evidence of
granitic differentiation

Often pegmatitic bodies are concentrated in
areas with strong evidence of granitoid

differentiation towards more leucocratic
systems.
Transitional terms of fractionation,

correspond to fine grained leucogranites and
felsic composites of granite with graphic
pegmatite with coarse, radial and feathery
micaceous intergrowths. The transitional
granites can then evolve to pegmatites in
bands and pockets, and suffer internal
fractionation, potentially generator of
zonality.

Lithological masses of this kind are
observed in most intra-granitic pegmatite
groups studied.

In markedly hyper-aluminous
environments, possibly contaminated
through contact with metapelitic host rocks,
these granites present garnet and cordierite

and the fractionated and affiliated,
morphologically evolved pegmatites,
manifest abundant andalusite and Al
phosphates.

2.3.1 Penetrative lineations marked by the
fluidal planar alignment of potassic
megafeldspars

Lineations corresponding to fluidalities
established at low viscosity, assume
approximately  aureolar and  cupular
cartographic relation to the surrounding
granites. Its attitude, usually accompanies
the topography of the apical contact. The
distribution of pegmatites is often coincident
with the surrounding boundaries of
proliferation of these fluidalities which can
express upward  balloning  plumes
organization sectioned by erosion (Pereira et
al.,2012).

The most typical fluidal aspects, are
marked by linear and planar alignment of
small potassium feldspar phenocrysts, with
very high aspect ratio.

The kinematic interpretation of the
geometric  arrangement  of  feldspar
phenocrysts may be functional for the
establishment of magmatic flow components
and reveal paths connecting pegmatite
bodies, constrained by the topography of the
granitic cupolas. Namely, in Ponte da Barca,
granitic masses with fluidalities have
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sufficient continuity to be wuseful in
pegmatites exploration, observing the mass
expansion, and the proliferation of granitic
pegmatoid structures and diffuse pegmatitic
differentiations in interfaces between
different lithologic terms.

2.3.2 Clustering phenomena of K-feldspar
megacrysts in the granite host rocks

Agglomerations of K-feldspar megacrysts
are also common in granites immediately
hosting pegmatites. These are possibly
determined by a higher rate of crystallization
of the granitic mass, and a relatively higher
viscosity or represent cumulated
organizations influenced by physical
separation in conditions of mobility of
liquids. These surfaces with density or
rigidity contrast usually manifest vertical
tendency sub-parallel to the attitude of some
shear zones, suggesting the influence of the
D3 stress field on the emplacement of
granites and affiliated pegmatites.

In the area of Viseu (Alto Vouga
pegmatite field, Fig. 2), these settings are
common in the porphyroid facies proximal
to some bodies.

2.3.3 “Filter-pressing” phenomena

Often the contact between granitic facies
arising from cupola differentiation expresses
enrichment in ferromagnesian constituents,
mainly biotite. These represent side
segregations by removal of felsic
constituents by filter-pressing (compare to
Weinberg et al., 2001), and have banded and
schlierenitic aspect, with coarse grain size.
The proximity to fluidal organization units
suggests that possibilities of segregation are
strongly influenced by the mobility of
liquids.
Relationships
contemplated in interfaces  between
porphyroid granites and fine grained
differentiated leucogranites, as for example
in Ponte da Barca, where the modal content
of biotite in schlierenitic bands with
thickness greater than 1 m, may exceed 80%.

such as these are
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Less penetrative schlierenitic aspects are
also observed in most granites hosting
pegmatites, in the other geographical areas.

2.3.4 “Bubbling” phenomena

The early stages of pegmatitic installation
can be characterized by the rise of fluid
bubbles in the host granitic cupolas. Result
from magmas with culminating enrichment
in  volatiles that tend quickly to
supersaturation at low crystallization rate.
The degassing phenomena and mobilization
would be facilitated by relatively rapid
decompression and cooling of the granite
host (e.g. Peretyazhko, 2010).

In a subsequent evolutionary stage of
pegmatitic differentiates drainage, bubbles
can form pockets morphologically and
paragenetically more evolved (Guimardes,
2012 and Leal Gomes & Nunes, 2003).

In the area of Viseu (Fig. 2), the freezing
of the ascensional process, resulted in the
crystallization of myriads of bubble-like
pegmatites with a volume of a few cubic
centimeters in a fine grained leucogranite.
The spheres and ellipsoids are miarolitic,
and distributed below the topographic level
of emplacement of Senhora de Assungdo
pegmatite (Tab.1).

2.4 Patterns of hydrothermal and
supergene alteration of productive
granitic masses

Trends of yellowing of the granitic mass,
caused by supergene leaching of Fe from
biotite and garnet crystals, are observed
frequently in the vicinity of pegmatitic
bodies, particularly in relation to
leucogranitic transitional facies. The biotites
are discolored and cloritized, occurring
consistently the late fixation of Fe in the
form of vacuolar replenishments.

Epidotization can also be widespread
along major shear structures that control the
accommodation of pegmatitic differentiates.
In particular, directions N30°E and ENE-
WSW, considered determinant of
accommodation and upward mobilization of
residual differentiates can, in face of
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subsequent reactivations, present epidote
and influence its concentration in proximal
granites and pegmatites.

The most pervasive reddening is typical of
the peripheries of mixing corridors,
observing in coarse grained porphyroid
granitic facies the red shading, both of
megacrysts and matrix.

Phenomena of albitisation of granitic host
masses are very rare. The fluids that
originate replacement units in the later
stages of the evolution of pegmatites, not
normally extend beyond the contours of the
bodies and tabular boxes.

Table 2 —Accommodation situations and entities related to the pegmatites of CCI intra-
granitic fields: Ponte da Barca, Chaves, Alto Vouga and Guarda-Belmonte.

PEGMATITE FIELDS

PONTE DA BARCA CHAVES ALTO VOUGA B(é:f:;:)?ﬁr}‘
EXPLORATION GUIDES
Structural and NW-SE to ESE-WNW, N30°E N30°E conjugated with ~ N20°E conjugated
geomorphological patterns N30°E E-W with E-W
Mixing-mingling processes Mixing-mingling corridors. Domains with
“magmatic stopping”
and “roof-pendants” .
Heterogeneities in granitic cupolas and petrographic signatures of apical fractionation and segregation trends
Leucocratic facies with low Fine-grained  leucogranites Fine-grained Heterogeneous
granulometry and strong with garnet and cordierite; leucogranites; graphic  granites with
evidence of granitic pegmatoid leucogranites leucogranites with  rounded quartz;
differentiation with coarse, radial and coarse, radial and pegmatoid
feathery micaceous feathery micaceous leucogranites.
intergrowths. intergrowths.
Penetrative lineations marked  Linear — and  plan-linear

by the fluidal planar concentric fluidalities.
alignment of potassic

megafeldspars

Clustering phenomena of K-
feldspar megacrysts

Exuberant shlieren between
porphyroid  granites and
garnet-cordierite bearing
leucogranites.

“Filter-pressing”” phenomena

“Bubbling” phenomena

K-feldspar megacrysts
agglomerations  with
vertical trend.

Occasional on the
periphery of
transitional
leucogranites.

Frequent within
porphyroid granites and
interfaces with fine-
grained leucogranites.

Miarolitic  bubble-like
pegmatites: spheres and
ellipsoids with small

volume.
Patterns of hydrothermal and Yellowing and reddening. Peri-pegmatitic Epidotization Yellowing and
supergene alteration of banded reddening
productive granitic masses albitisation.

2127



P A. Dias, B. Pereira, J. Azevedo, J. Oliveira, C. Leal Gomes, J. Carvalho

3 REMOTE EXPRESSION IN
SATELLITE IMAGES

The lack of consistent physical and chemical
contrasts in relation to granitic host rocks,
complicates the geophysical and
geochemical exploration of intra-granitic
pegmatitic bodies.

Lately, remote sensing using satellite
imagery is beginning to be explored as a way
for the exploration of outcropping bodies
(Silva, 2009). The mineralogical
characteristics  of  residual magmatic
composites make viable its detection in
hyperspectral images.

3.1 Valuation of remote sensing analysis
in the context of exploration of hidden
pegmatites

When equating the identification of new
hidden  shallow  deposits, geological
exploration, especially structural analysis of
pegmatites and rocks in its vicinity, seems to
be the most sustainable path (Leal Gomes,
2010; Guimardes, 2012). From the
organization of attitudes, shapes and internal
structures of the deposits and host masses,
are deduced three dimensional conceptual
models, which can be extrapolated assuming
predictive efficacy (Leal Gomes, 2010).

The diversity of situations deduced in this
work, support useful models in exploration.
These have utility for defining levels of
emplacement of pegmatites in the granitic
cupolas, and from a conceptual point of
view, are in principle usable by remote
sensing, as they represent extreme and
contrasting chromatic types with sufficient
continuity in the surface (length and width).
The chromatic thresholds of the contacts
(granite) / (pegmatite) or (granite) / (granite
with peculiar structuration units) expressed
in the prior inventory of productivity
situations are the following: fractionated
granites with low granulometry and marked
felsitic composition, clear; segregations and
facies resulting from contamination and
mixing with high modal expression of mafic
ferromagnesian constituents, dark; trends of
hydrothermal and supergene alteration

2128

promote yellowing, reddening and greenish
colorations.

Besides the chromatic effect, also the
conspicuous structural organization of these
targets is usable in conjunction, to the
delimitation of favorable arecas for
exploration.

3.2 Usefulness of processing satellite
images for remote evidence of exploration
guides

The previous inventory of productivity
situations, serves geological exploration of
sub-outcropping deposits in strategic and
tactical steps.

By providing coherent textural and
chromatic contrasts, exploration may resort
to remote sensing, existing inclusively
possibilities of evidence in constrained
spectral images such as those resulting from
Landsat.

Methodologically, filtered images
subjected to any type of mathematical
processing, are more effective and functional
in the analysis of the surface. Such analysis
has been sustained with the software
SPRING (Camara et al., 1996); among the
most revealing tests are:

- directional filtering —for evidence of shear
networks and their points of intersection,

where are receptioned pegmatitic
differentiates.
- Principal _component _analysis — for

evidence of anomalous lithological units
with important spectral contrast relative to
host rocks, which may correspond to
exploration guides for pegmatites.

- Maxver classification (maximum likelihood
algorithm) — for extrapolation to the region
of spectral configurations correlated with
pegmatites.

Also equates on a next phase, the
determination of field spectral parameters
representative of the described petrographic
entities, using a spectroradiometer.

This survey should reflect a greater
diversity of situations and possibilities of
remote  detection by permitting the
establishment of quantitative relationships
between pegmatites exploration guides and
its expression in satellite images.
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It is expected to expand the pegmatitic
and related entities spectral database, and
ultimately refine and standardize procedures
for exploration, through remote sensing, of
irregular and tabular bodies situated in intra-
granitic context, with operational use
analogous to geophysical and geochemical
methods.
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Considering of Damage in Different Parts of Rotary Three Cone
Bit- A Case Study of Golgohar Mine

M.Barzegar, S.Gharedash, M. Osanloo

Amirkabir University of Technology, Tehran, Iran

ABSTRACT The bit, which has directly contact with rock, is the main component of the drill
tools since the bit cost is major part of drilling cost. Considering of bit damage will lead to
appropriate view and optimum condition to drilling process. In this paper, damage on the four
parts of three cone bit includes of button, cone, leg protection and reaming gage from drilled
bit in Golgohar mine is analyzed. Results show that button and leg protection are the more
vulnerable parts so that the most bits with the low performance have damage in these parts.
Additionally, 80% of bits had damage at least in two parts when show the low lifetime.
Damage in leg protection and button occur together approximately to half of bits. Produce of
damage in the both leg protection and button simultaneously can lead to very low lifetime

(under 800 m/bit) in the most time.

1 INTRODUCTION

Typical tools for drilling in surface
mining are rotary drills. The bit is most
important component of rotary drill tool
because directly contact between bit and
rock in the rock excavation always leads to
produce of several damages on the bit
surface and consequently cost of bit is higher
than other parts of drill machine. Common
rotary bits are three cone bits, which are
mounted on rolling and ball bearings. These
tools are equipped with cemented carbide
(CC) Duttons that provide a unique
combination of hardness and toughness.
These properties are resulted of the
composite structure of very hard WC grains
glued together with a ductile Co Binder
phase that allows some plastic deformation
in the structure bits (Beste, 2004).
The main reason of damages is appearance
of wear phenomenon. Several wear types
such as abrasion, erosion, fatigue wear can
occur in the bits with regard to contact
condition. Best et al (2008) show that the

mechanism of deterioration on rotary/
percussive drill bit is due to appearance of
different wear. Hence, most of researches
and studies on the bit deterioration have
been limited to analysis of wear types.
Plinninger (2008) correlation of some
indexes like Cerchar Abrasiveness Index
(CAI), Rock Abrasiveness Index (RAI) and
Schimazek Wear Index (SWI) by the bit
lifetime in the rotary- percussive drill bit.
Normally drill bit wear is taken as the bit
lifetime; therefore, as a describe drill bit
lifetime is expressed in drilled meters per bit
[m/bit] (plinninger et al, 2002). Dominant
concern in drilling process is increasing of
bit performance by optimizing of the bit
lifetime. This is impossible without
analyzing of damage. Therefore, finding a
proper approach about bit’s damage and
vulnerable parts of bits can be helpful to get
bright understand about wear effects in order
to improvement of bit quality with a very
high lifetime. Most of research about bit’s
lifetime or damage has been done on the
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rotary/percussive drill yet, but with growing
of need for using of rotary three cones bit in
open mines, it is necessary to analyzing of
this bit. So, in this paper damage in the main
parts of rotary three cone bit as common tool
in open pit mine were studied in the
Golgohar iron mine.

2 GOLGOHAR IRON MINE

Golgohar iron mine is located in 55 km
distance from the Sirjan city in Kerman
province, southeastern of Iran. Average
elevation from sea level is 1750 meters. The
proved ore reserve is 180 million tones.
Approximately 145 million tones can be
extracted from proved reserve. The
elementary planned ore production rate was
5 million tones per year. Ore types in this
mine were mainly hematite and magnetite
with ranges of compression strength between
352 to 114 MP, and Schmidt hardness
between 57 and 35 respectively.

3 DAMAGE ANALYSIS

The purpose of this paper is given an
explicit analysis of damage of the different
parts of bits, and considering of impact of
damages on these parts on the decreasing of
the bit lifetime. For this study, 30 drilled bits
with poor lifetime from Golgohar mine have
been analyzed. The amount of bit lifetime for
these bits was under 1210 m/bit. All the bits
were cemented carbide buttons from a model
S60, which was manufactured by Sandvik
cooperation. In addition, the bit lifetime was
amounted as bore meters drilled in ore
(Hematite and Magnetite), and it did not
calculate the amount of bore meters drilled
in waste ore. So, we consider four parts of a
bit include button, cone, leg protection and
reaming gage that is shown with abbreviate
word B, C, L and R respectively. Fig.1
shows a schematic view of from three cones
bit.
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Figurel. Rotary tri cone

Reaming gage is located between leg and
cone. It has twice the number of tungsten
carbide inserts that actively cut gage
diameters on conventional bits. Wear gage
affects both steer ability and bearing life.
Reaming gage wear causes to bearing failure
by detouring of ball bearing. The main duty
of leg protection is maintaining bearing and
cone offset. Continuous contact between a
leg with rock and as a result of that
appearance of abrasive wear leads to remove
material from leg surface and produce of
deterioration in this area. Observations in the
bits showed that breaking, cutting, flatting,
rounding and removing of the buttons from
the bit surface occur during the drilling
process. These problems depend on the
different conditions as well as inconsistency
between the feed force and rotational speed,
severe impact between bit and rough part of
rock. In addition, formation of oxidation
layer on the bit and elimination of these
layers due to rock adherence to the bit and
lack of transportation worn particles were
another factors to create of damage in button
of the bits. Analysis for cone part also
showed that cone interaction, cone cracking
and cone corrosion are the most important
causes for cone damage.

Excessive temperature due to crashing of
a bit into blast hole, cone plough, ball roller
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break, inefficient cooling system,
weaknesses of cone ridge layer against
corrosion are the principal reason for cone
damage. Damage analysis and the bit
lifetime for each bit are shown in table 1.

Table shows that many of bits encounter
with damage in more than one part. Damage
in these parts depended on drilling condition
and mechanism of material removal from the
bit surface due to wear types.

Combination of the wear mechanisms
such as fatigue wear, abrasive wear and
erosive wear because of some changes in the
rock properties and machine parameters
affects to appearance of damage on the
different parts. 80% of bit had damage at
least in 2 parts; and 37% of bits undergone
damage in any four parts. This data are given
in the figure 2.

Table 1: damage analysis and the bit lifetime for each bit

Bit Bit
Num Damaged lifetim Num Damaged lifetim Num Damaged DBL
parts € parts € parts
(m/bit) (m/bit)
1 L-B-C 821 11 L-R 911 21 R-C 973
2 L-B-R 1195 12 L-C 856 22 B 650
3 C 646 13 L-B-C 1210 23 L-B-C 481
4 L-B 697 14 L-B 849 24 R-B 634
5 B-C 1045 15 L-R 1041 25 R-B 854
6 L-B-R 523 16 B 792 26 L-B 611
7 L-B-R 1113 17 B 629 27 L 585
8 L-B 955 18 L-B-C 735 28 L-R-C 923
9 L-B-R-C 765 19 L-B-R 730 29 R 496
10 L-B-R 923 20 B-R-C 1073 30 B-R-C 721

Simultaneously damage of leg with reaming
gage, and reaming gage with button
observed in 30% and 33.3% of bits, which
this information are shown in the fig 3.

HMlpart E2part ®3part E4part

3%

50 -
10 -
30
20 -
10 aa ,“ @NUM..
L-/L- L{R-R-B-] BFREQ...
B/R CBIC|C
NUMBER 149 7105 4
Figure 2. percent of involved parts in ‘FREOIJEN(Y 47302 BF 31713

damage of bits

Figure 3. frequency of simultaneous

Analysis shows that both leg protection damage in different parts of bit together

and button encounter simultaneously with
damage in more than 14 bits (46.6%).
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In figure 4 frequency of damage of each part
are given. As result of that button in the bits
was a sensitive part so that 73.3% bits faced
with damage in this part. After button, the
most of damages occurred in the leg
protection. Therefore, leg protection, button
vulnerable parts of bits because majority of
bits had damage in these parts. Suitable
design for these parts will decrease wear and
cost in rotary drill bits.

%73.33
%63.33

l I %lso g
L B R e

Figure 4. Frequency of damage in the parts
of bit

The scatter diagram of damage for each parts
of bit versus of the bit lifetime is shown in
the figure 5. It shows that in the very low
lifetime (under 800 m/bit) the most damage
can produce in the both leg protection and
button. So, it should be prevent from
simultaneously occurrence of damage in leg
and button in during of drilling operation to
avoid of severe deterioration and very low
lifetime. Fig.5 also expresses that damage in
leg and reaming gage together will observe
upper 800 m/bit in most of situation.
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Figure 5. Scatter damage of parts of bits versus the bit lifetime

4 CONCLUSION

In this paper, we consider influence of
damage in the different parts of the rotary
three cone bit. Results leaded to this study
are shown in below:
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e 80% of analyzed bit faced with
damage at least in 2 parts. So,
decrease in the bit lifetime and bit
performance is due to damage in
several parts together.

¢ Damage in leg protection and button
occur together approximately half of
bits. After, simultaneous damage in
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reaming gage and button, leg and
reaming gage observed in %33 and %
30 of bits respectively.

o Button in the bits was a sensitive part
so that 73.3% bits faced with damage
in this part. After button, the most of
damages occurred in the leg
protection.

» It shows that in the very low lifetime
(under 800 m/bit) the most damage
can produce in the both leg protection
and button.
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Fossil Fuel Use and Related Carbon Dioxide Emissions: A

Global Perspective

I. Karakurt, G. Aydin

Karadeniz Technical University, Department of Mining Engineering, Trabzon-Turkey

ABSTRACT: The energy resources have been split into three categories: fossil fuels,
renewable, and nuclear resources. Among these, the world relies heavily on fossil fuels to
meet its energy requirements. They provide over 80% of the global energy demands.
However, the fossil fuels are the largest global source of carbon dioxide (CO,) emissions.
Renewable and nuclear resources, therefore, are capable of being a substitute for fossil fuels
since they services with zero and/or almost zero emissions of both air pollutants and
greenhouse gases. In this paper, global status of fossil fuel use and reserves are reviewed.
Additionally, fossil fuel-related carbon dioxide (CO,) emissions over the period of 1990 to

2035 are globally examined.

1 INTRODUCTION

The world energy demand has rapidly risen
as a result of social and economical growth,
urbanization and economic expansion (Asif
and Munaeer, 2007; Karakurt et al., 2009).
Therefore, the uses of all kinds of energy
increase over time, especially uses of fossil
fuels are expected to continue supplying
much of the energy used worldwide.

The world depends heavily on fossil fuels
to meet its energy requirements. Fossil fuels
that are oil, natural gas and coal, are
projected to remain the mainstay of power
generation, heating, and transportation
purposes in many major economies. They
provide over 80% of the global energy
demands. On the other hand presently
renewable energy and nuclear power are,
respectively, only contributing 13% and 6%
of the total energy neceds. Without any
climate policies, fossil-fuel energy will
remain the dominant energy source for the
next 30-50 years (Garg and Shukla, 2009;
Panwar et al., 2011). Hovewer; fossil fuels,
main source of energy, are inflicting
enormous impacts on the environment. The
increasing use of fossil fuels causes a

significant increase in greenhouse gases
(GHGs) (Aydin et al., 2010; Karakurt et al.,
2011). New and renewable energy sources
will, therefore, become a solution for the
growing challenges related to fossil fuels.
Although at present, rencwable energy
contributes only 13% to world primary
energy, it is expected that 60% of all world
energy will come from renewable energy
sources by the year 2070 (Karstad, 2011).

2 GLOBAL FOSSIL FUEL SOURCES

The fossil fuels, which are coal, natural gas,
and oil, supply over 80% of primary energy
used in the world and this figure is expected
to remain largely the same through to 2030
(Keles, 2011). Oil is the most used fossil
energy source worldwide, accounting for
36.4% of primary energy consumption and
94.5% of global energy wused for
transportation (Maggio and Cacciola, 2009).
Proved world oil reserves were estimated at
234.3 thousand billion tonnes at end of
2011. Almost 50% of the world’s proved oil
reserves is located in the Middle East. (BP,
2012). It is estimated that world proved
reserves of oil in 2011 are sufficient to meet
54.2 years of global production. Proved
reserves presented in the Table 1 include
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only those estimated quantities of crude oil
from known reservoirs. These proved
reserves may be increased by the future as
technologies advance. World oil production
increased by 1.1 million barrels per day in
2011. OPEC economies are responsible for
nearly all of these increases. On the other

hand; world oil consumption increased by
approximately 600.000 barrels per day. Asia,

outh & Central America, and the Middle
East consumed the majority of the oil in the
same period.

Table 1. Proved oil reserves of the world at the end of 2011 (BP, 2012)

Region Reserve (10°x million tonnes) Share (%)
Total North America 33.5 13.2
Total S. & Cent. America 50.5 19.7
Total Europe & Eurasia 19.0 8.5
Total Middle East 108 48.5
Total Africa 17.6 8.0
Total Asia Pacific 5.5 2.5
World total 234.3 100

It is estimated that world natural gas
reserves were at 208.4 trillion cubic meters
(see Table 2). That means, world proved
reserves of natural gas in 2011 are sufficient
to meet 63.6 years of global production.
Majority of gas reserves is located in Middle
East (38.4%), followed by Europe&Eurasia,
and others. World natural gas production and
consumption increased by 3.1 and 2.2%

respectively in 2011. The Middle East
recorded the largest production increment
among the regions, while the European
Union experienced the sharpest decline in
natural gas consumption. As a consequence,
natural gas is projected to be the fastest
growing fossil fuel globally to 2030 (BP,
2012; BP, 2012a).

Table 2. Proved natural gas reserves of the world at the end of 2011 (BP, 2012)

Region Reserve (trillion m”)  Share (%)
Total North America 10.9 52
Total S. & Cent. America 7.6 3.6
Total Europe & Eurasia 78.7 37.8
Total Middle East 80.0 384
Total Africa 14.5 7.0
Total Asia Pacific 16.8 8.0
World total 208.4 100

The world benefits from a plentiful supply
of coal. It has many uses critically important
to cconomic development and poverty
alleviation worldwide with the most
significant being electricity generation, steel
and  aluminum  production,  cement
manufacturing and use as a liquid fuel (H66k
et al, 2010). Almost every country
worldwide has coal reserves, however,
approximately 70 of those has recoverable
coal reserves. It remains abundant and
broadly distributed around the world
(Mason, 2007). Proved coal reserves in the
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world at the end of 2011 were 861 billion
tonnes (Gt) (Table 3). It is estimated that the
proved reserves of coal in 2011 were
sufficient to meet 112 years of global
production. It is seen from Table 3 that
world coal reserves can be distributed in
thirds; one is located in North America (28.5
%), dominated by the United States; other is
located in Europe&FEurasia (35.4%),
dominated by Russia and the last is located
in Asia Pacific (30.9%), dominated by China
and Australia.
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Table 3. Proved coal reserves of the world at the end of 2011 (BP, 2012)

Region Reserves (million tonnes)
Bituminous Sub-bituminous Total Share

and anthracite and Lignite (%)
North America 112835 132253 245088 28.3
S. & Cent. America 6890 5618 12508 1.5
Europe & Eurasia 92990 211614 304604 35.4
Middle East 1203 - 1203 0.1
Africa 31518 174 31692 3.7
Asia Pacific 159326 106517 265843 30.9
World total 404762 456176 860938 100

3 FOSSIL FUEL-RELATED CARBON
DIXOXIDE (CO,) EMISSIONS

Climate change is one of the most difficult
challenges facing the world today and
preventing will necessitate profound changes
in the way we produce, distribute and
consume energy. Fossil fuels such as coal,
oil and gas provide about three-quarters of
the world’s energy. However, when these
same fuels are burned, they emit greenhouse
gases (GHGs) that are now recognized as
being responsible for climate change
(Yuksel, 2008; Yuksel, 2009). Fossil fuels,
the main energy source, are the largest
global source of CO, emissions. They are
responsible for CO, emissions both directly
and indirectly through the consumption of
secondary form of energy. The activities
resulting directly in CO, emission release are
the production of electricity and heat and the
combustion of fuels in non-electric
transportation such as road, air and water-
based transport (Douthwaite and Healy,
2003).

Global dependence on fossil fuels has led
to the release of over 1100 GtCO, into the
atmosphere since the mid-19th century.
Currently, energy-related GHG emissions,
mainly from fossil fuel combustion for heat
supply, electricity generation and transport,
account for around 70% of total emissions
including carbon dioxide, methane and some
traces of nitrous oxide (IPCC, 2007; Yuksel,
2010). The past, recent and future trends in
fossil fuel-related CO, emissions are shown
in Fig.l. As can be seen, the relative
contributions of different fossil fuels to total
CO, cmissions have dramatically changed

over time. It can be also concluded from the
Fig.1 that coal-related emissions is the
fastest growing emissions over time since
the coal is the most carbon-intensive of the
fossil fuels.

OLiquds 0ONaturalgas M Coal

CO2 emissions
(billion metric tons

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Years

Figure 1. Fossil fuel-related CO, emissions
by fuel type

The trend of CO, emissions from liquid fuels
worldwide over a couple of decades is
depicted in Fig.2. As can be seen, world CO,
emissions from the consumption of liquid
fuels show an increasing trend over time and
are projected to continue to increase towards
2035. The majority of the increasing in CO,
emissions comes from non-OECD countries,
despite a low growing rate in OECD
countries.

World CO, emissions from natural gas
consumption over the period of 1990 to 2035
are shown in Fig.3. It can be clearly seen
that the growth in CO, cmissions is
occurring in both OECD and non-OECD
countriecs. However, it can be concluded that
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the non-OECD would lead as the
predominant source of future emissions.

Coal is the most abundant fossil fuel in the
world and continues to be a vital resource in
many countriecs (IPCC, 2007; Aydin and
Karakurt, 2009). Among the fossil fuels,
coal is the only fossil fuel with estimated
reserves sufficient to dramatically increase
the global CO; emissions (Thiclemann et al.,
2007; Rufael, 2010). Figure 4 presents the
past and future trends of global CO,
emissions from coal consumption. In the
Fig.4, it can be obviously seen that the
growth of CO, emissions over time has
shown substantial variation.

| ©OECD mNon-OECD

CO2 emissions
(billion metric tons
f=%
|

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Years

Figure 2. World CO; emissions from liquid
combustion

0O OECD M Non-OECD

CO2 emissions
(billion metric tons’

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Years

Figure 3. World CO, emissions from natural
gas combustion

The emissions from non-OECD countries
show an increasing trend, especially after
2005, whereas the emissions from OECD
countrics remain stable over the same
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period. The majority of coal-related CO,
emissions comes from China, the United
States and India. China’s heavy reliance on
coal will make it the largest emitter of CO,
in the world (Guan et al., 2008).

159 BOECD  BNon-OECD

CO2 emissions
(billion metric tons

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Years

Figure 4. World CO, emissions from coal
combustion

4 CONCLUSIONS

Fossil fuels which are known as oil, coal and
gas, play a crucial role in the global
economy. Among them, oil is the most used
fossil energy source worldwide All kinds of
fossil fuels provide currently over 80% of
the global energy demands. From the current
figures, energy from fossil fuels will
continne to dominate energy supplics
towards 2070. Fossil fuels are the largest
global source of CO, emissions. Global
dependence on fossil fuels has led to the
release of over 1100 Gt CO, into the
atmosphere. It can be disclosed from the
absolute figures that the total fossil fuel-
related CO, cmissions have dramatically
increased over time. Coal is the largest
contributor to the world fossil fuel-related
CO; emissions since coal is the most carbon-
intensive of the fossil fuels, whereas natural
gas is the fossil fuel that produces the lowest
amount of CO,. The majority of fossil fuel-
related CO, emissions results from Non-
OECD countries.
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A Review of Turkey Energy Sources and Related CO, Emissions

G. Aydin, I. Karakurt
Karadeniz Technical University, Department of Mining Engineering, 61080, Trabzon-Turkey

ABSTRACT: Turkey has many energy resources to meet its own energy requirements.
However, since its energy consumption is growing faster than its energy production
depending on the rapidly growth in population and economy, Turkey has become an energy
importer country. On the other hand, the dependence on energy resources, mainly fossil fuels
which are the main source of energy, is inflicting enormous impacts on the environment
throughout the world in addition to Turkey. For instance, the increasing use of fossil fuels
causes a significant increase in greenhouse gases (GHGs) especially carbon dioxide (CO,)
emissions. In this study, a review on energy sources and related CO, emissions in Turkey is
provided. Energy sources and related CO, emissions of Turkey are presented on the basis of

past, current and future directions.

1 INTRODUCTION

Energy is one of the most important strategic
subjects for both developing and non-
developing countries. Increased rates of
industrialization in North America, Europe
and Japan had dominated the increases in
energy use by cheap fossil fuels in the past.
However, recently additional factors such as
China’s and India’s rapid growth in energy
use since they are about a third of the
world’s population, the expected depletion
of oil sources in the near future and the
effect of climate change make the picture a
few couple of decades more complex
(Goswami, 2007; Ogzyurt, 2010). On the
other side, the rencwable cnergy sources
and/or technologies and nuclear power are
becoming power solutions for the future
increasing energy demands (Balat, 2007).
The total primary energy demand in the
world increased from 7.228 Mtoe in 1980 to
12.842 Mtoe in 2010, and it would be 17.095
Mtoe by 2030 (Yuksel, 2010; Keles, 2011).
Almost 88% of this demand is met by fossil
fuels. On the other hand; world primary
energy consumption grew by 5.6% in 2010,

the strongest grow since 1973. Growth was
above average for oil, natural gas, coal,
nuclear, hydroelectricity in addition to for
renewables in power generation. Oil remains
the dominant fuel (roughly 37% of world
total). The share of coal in total energy
consumption continues to rise, and the share
of natural gas was the highest on record (BP,
2012). Worldwide energy consumption
would continue to increase in particular due
to the China’s and India’s increasing use
energy. Even these increases continue for a
few years, it can not be continued too long.
Therefore, this picture shows that it is highly
important to search for all of the available
strategies to meet the future energy demand
for sustainable development all over the
world.

Turkey is an energy importing country.
Almost 70% of the energy requirement is
supplied by imports. Fossil fuels have the
biggest share in the country’s total primary
energy consumption (Komiircii and Akpinar,
2009). At present, fossil fuels account for
more than 90% of the total energy
consumption in the country (Kaygusuz,
2010; Erdem, 2010). Turkey, with a
population of over 70 million, 1s a bridge
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between FEurope and Asia. As also a
developing country, Turkey has been one of
the fast growing power markets of the world
for more specifically the last two decades.
Turkey’s primary energy production and
consumption reached 39.22 and 152.23 Mtoe
in 2010 respectively (Table 1 and Table 2)
Toklu et al, 2010). The most significant
developments in production are observed in
hydropower, coal, geothermal and solar

energy production. Turkey’s wuse of
hydropower, geothermal and solar thermal
energy has increased since 1990, while the
total share of renewable energy sources in
total final energy consumption has declined,
owing to the declining use of non-
commercial biomass and the growing role of
natural gas in the system.

Table 1. Present and future total energy production in Turkey (Mtoe)

E History Projections
TIeTEy sources 1990 2000 2006 2010 2020 __ 2030
Coal and lignite 12.41 13.29 12.90 26.15 32.36 35.13
Oil 3.61 2.73 2.28 1.13 0.49 0.17
Gas 0.18 0.53 0.84 0.17 0.14 0.10
Biomass and wastes 7.21 6.56 5.17 4.42 3.93 3.75
Nuclear - - - - 7.30 14.60
Hydropower 1.99 2.66 3.86 5.34 10.00 10.00
Geothermal 0.43 0.68 0.70 0.98 1.71 3.64
Solar/wind/other 0.03 0.27 0.42 1.05 2.27 4.28
Country total 25.86 26.71 26.17 39.22 58.20 71.68

Table 2. Present and future total energy consumption in Turkey (Mtoe)

History Projections
Energy sources 19 20 20 201 202 203
90 00 06 0 0 0
Coal and lignite 16 23 35 39. 107 198
94 32 46 70 .57 34
oil 23 31 34 51. 71. 102
61 .08 .60 18 89 38
Gas 2. 12 19 49. 74. 126
86 .63 40 58 51 25
Biomass and wastes 7. 6. 44 3.9 3.7
21 56 2 3 5
- 7.3 14.
Nuclear - - - 0 60
Hydropower 2. 2. 3. 5.8 8.7 10.
01 68 86 5 6 0
0. 0. 0. 1.2 1.7 3.6
Geothermal 43 70 70 3 1 4
. 0. 0. 0. 1.1 22 4.2
Solar/wind/other 03 27 1 0 7 3
Country fotal 53 77 99 152 279 463
.05 .52 .61 .23 .20 .24

2 ENERGY SOURCES OF TURKEY

The main energy resources of Turkey are
hard coal, lignite, asphaltite, petroleum,
natural gas, hydroelectric energy, and
geothermal energy. Turkey has poor oil and
natural gas reserves; 44.3million tonnes and
6.2 million m’, respectively (Kaygusuz,
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2009; Baris, 2011). However, oil is the most
important fuel in Turkey, contributing 43%
of the total primary encrgy sup%)ly (TPES),
followed by coal (almost 30% of TPES) and
natural gas (11.8% of TPES) (Canyurt and
Ozturk, 2008). Currently; oil and coal supply
over 70% of energy needs in Turkey. As can
be understood, oil and coal have the biggest
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share in total primary energy consumption.
The country has large reserves of coal,
particularly of lignite (Karakurt et al., 2011).
The proved coal reserves as of end 2010 are
2343 million tonnes. Approximately 0.3% of
the world’s coal reserves are in Turkey.
Domestically produced coal accounts for
more than half of the country’s total energy
production. Coal is used mainly for power
generation, cement production, and steel
manufacturing (Kilic and Kaya, 2007; Balat,
2010). Turkey is one of the biggest
producers of lignite in the world. The
majority of lignite comes predominantly
from deposits of the Afsin-Elbistan Basin
(Akdeniz et al., 2002). In contrast to large
coal and lignite reserves, Turkey’s oil and
natural gas reserves seem limited (Table 3).
The country also has a large potential for
renewable energies.

In Turkey, renewable sources represent
the second-largest domestic energy source
after coal (Ozturk et al., 2007; Toklu et al.,
2010). In 2009; renewable sources provided
19.6% of the total power generation in

Turkey (hydropower accounted for 95% of
this total and wind power for 4%, the
remaining 1% came from biomass and
geothermal energy), while natural gas, coal,
oil and other sources were responsible for
49, 28, 3 and 1% in power gencration
respectively (IEA., 2009). Table 4 presents
the country’s renewable energy resources
(Ozgur, 2008). On the other hand; Turkey
currently does not have any nuclear power
plants in operation. However, it has a long-
standing nuclear research programme and
has been considering nuclear power for
many years. A number of steps have been
taken over recently to prepare the legal and
institutional framework needed for a nuclear
programme. For this purpose, two suitable
sites have been identified, one at Akkuyu in
Mersin, on the Mediterrancan coast of the
Turkey and the other at Sinop, on the Black
Sea coast of the Turkey. Activities in both
sites are underway (Sirin, 2010).

Table 3. The amount of fossil energy resources in Turkey (Toklu et al., 2010)

Sources Appar Proba Possi T
ent ble ble otal
Hard coal (million tonnes) 428 449 249 12 61
Lignite (million tonnes) 7339 626 110 07?
Asphaltite (million tonnes) 45 29 8 5 8
Bituminous schist (million tonnes) 555 1086 269 6411
Oil (million tonnes) 36 - - 63
Natural gas (billion m) 8.8 - - 88'
Table 4. Renewable energy potential of Turkey
Energy type Usage purpose Natural capacity ];zihm Ez(;imml
Solar ener Electric (billion kWh) 977,000 6105 305
8y Thermal (Mtoe) 80,000 500 25
Hydropower Electric (billion kWh) 430 216 127.4
Wind energy (land) Electric (billion kWh) 400 110 50
Wind energy (off shore) Electric (billion kWh) - 180 -
Wave energy Electric (billion kWh) 150 18 -
Geothermal ener Electric (billion kWh) - - 14
gy Thermal (Mtoe) 31,500 7500 2.843
Biomass ener Fuel (classic)(Mtoe/year) 30 10 7
&Y Fuel (modem) (Mtoe/year) 90 40 25
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3 FOSSIL FUEL-RELATED
EMISSIONS IN TURKEY

Turkey is not in a critical place in the world
from the standpoint view of its greenhouse
gas (GHG) emissions since CO, emissions
per capita are only three quarters of world
average. Although the energy demand of the
country  increases  rapidly,  Turkey’s
contribution to global GHG emissions is
considerably below the average of Annex I
countries (Pehlivan and Demirbas, 2008).
Related to its rapid economic growth,
Turkey’s total emissions of the GHGs have
increased since 1980. As can almost be seen
in all countries, the energy sector in Turkey
has also the key position for the emission of
GHG. In the country, the highest emission
increase has been observed in energy
industries with 201.4%. Then it has followed
by other sectors with 128.7%, transport with
80.0% and manufacturing industries with
46.8%. The emission from the energy sector
mainly comprises the fuel combustion.
Approximately 90% of the total CO,
emission has been emitted from the energy
consumptions. The total CO, increase in
energy sector in 2009 compared to year 1990
was 114.0%. As a sectoral base, the
clectricity production is the largest
contributors, representing 38% of total
emissions and electricity production was
followed by other sectors accounting for
25% of total emissions. After these sectors,
industries and transportation sectors were
the next largest contributors with shares of
20% and 17% respectively (Anon., 2011).
CO;, cmissions from the -electricity
production have increased faster than the
other sectors due to the rapid development of
fossil fuel-fired power plants in the country.
33% of the country’s total CO, emissions
come from fossil fuel-fired power plants.
Found almost all over the country, lignite
represents more than 90% of the production
in Turkey and comes mainly from open
mines. It has a very low calorific value and
high content in sulphur and ash (Yilmaz and
Uslu, 2007). Therefore, most of produced
lignite is consumed at power plants for
electricity generation and these power plants

CO,
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have big share in total CO, emissions from
consumption of coal in Turkey. It is
estimated that installed capacity of fossil
fuel-fired power plants will increase from
38,09 megawatts (MW) in 2010 to
69.19MW in 2020 (Demirbas, 2006; Erdem,
2010). Increase in CO, emissions of Turkey
is closely linked to the increase in the

population and the country’s energy
consumption (EIA., 2011).
Since 1975, fossil fuel-related CO,

emissions have risen from 58.75 million
metric tons (Mt) to 200.5 Mt in 2000 and
253 Mt in 2009 (Fig.1). Emissions grew by
almost 330% compared to 1975 levels.
During 1975 to 1995, oil had historically the
most share representing an average of
56.8%, while coal had the second share with
an average of 41.9% in total emissions. On a
fuel basis; following the year 2000, coal has
historically remained dominant source of
CO; emissions with a share of average 43%,
followed by oil and gas in total fossil fuel-
related emissions. Oil has seen its share
decline after 2000, while emissions from
natural gas use, mostly due to the power
generation and residential heating, have
increased rapidly following the gasification
of the country (Akpinar et al., 2008).
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Figure 1. Historical trends in fossil fuel
related CO, emissions of Turkey

According to recent projections, total
primary energy supply in Turkey will almost
double between 2002 and 2020, with coal
accounting for an increasingly important
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share, rising from 26 % in 2002 to 36 % in
2020, principally replacing oil, which is
expected to drop from 40 % to 27 %. Such
trends will lead to a significant rise in CO,
emissions, which are projected to reach
nearly 600 Mt in 2020, nearly three times of
2004 levels (Conzelman and Koritarov,
2002; Ozgur, 2008).

4 CONCLUSIONS

The energy sector in Turkey is dependent
upon fossil sources. Oil and coal are of two
major fossil sources used in Turkey. Also
natural gas use clearly has increased.
Turkey’s fossil fuel reserves in terms of the
oil and natural gas are limited and therefore
the country will have difficulty in meeting
the anticipated demand for oil, natural gas
and even coal in the future. New and
renewable energies will, therefore, become a
solution for the growing challenges related
to fossil fuels for both Turkey and world.

From the absolute figures; the fossil fuels
has the key position for CO, emissions in
Turkey. Almost 90% of the total CO,
emission is emitted from the -energy
consumptions, mainly fossil fuels. CO,
emissions from the electricity production
have increased faster than the other sectors
due to the rapid development of fossil fuel-
fired power plants in the country. On a fuel
basis; it can be noted that coal has
historically remained dominant source of
CO; emissions with a share of average 43%,
followed by oil and gas in total fossil fuel-
related emissions.
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Volkanik Curuf Agregalarin Cimentosuz Yalitim Plakalarin

Uretiminde Kullanimi
Use of Volcanic Slug Aggregates to Produce Cementless
Insulation Plates

L. Gunduz, N. Sapci

Siileyman Demirel Universitesi, Pomza Aragtirma ve Uygulama Merkezi, Isparta

I. Elmakusu
Siileyman Demirel Universitesi, Miih. Fak., Maden Miih. Bol., Isparta

OZET Son yillarda yalitm amagh plakalann binalarin gerek i¢ cephe, gerekse dis
cephelerinde yalitin kaplama elemam olarak yaygm bir kullammi s6z konusudur. Bu
calismada, volkanik ciiruf agregalar ile Portland c¢imentosuz kompozit bilesenler seklinde
disik birim agurlikli yalitm plakas: dretimi iizerine bir ArGe c¢alismasinin bulgulan
tartisilmaktadir. Isisal konfor 6zelligi yiiksek ve birim hacim agirligr 1000 kg/m’’den daha
diisiik plaka tirinlerin gelistirilebilecegi belirlenmistir.

ABSTRACT In recent years, the use of insulation plates applied on both interior and exterior
surfaces of buildings is a well-known subject as an insulation coating elements. In this study,
an extensive research finding was discussed on low density insulation plate production by
volcanic slug aggregate with Portland cementless composite components. Improving the plate
products as high thermal comfort properties and having unit volumetric weight less than 1000
kg/m® was determined.

Ulke olarak

1 GIRIS

Ulkemizin genellikle zengin yeralti ve
yeriistii kaynaklarina sahip oldugu bilinen bir
gergektir. Gerek metalik madenler, gerckse
de endistriyel hammaddeler agisindan
onemli degerlere sahiptir. Ancak
iilkemizdeki en biiyikk problem, var olan
malzemenin ya da madenin hak edildigi
derecede islenip endiistriye ve gilincel hayata
kazandirilmast noktasinda eksik kalisimizdir.
Komu iizerine yogunlastinlacak  ArGe
calismalartyla, iilkemizin endiistriyel
hammadde kaynaklarimin endiistriyel
alanlarda degerlendirilebilirlik  olanaklar
incelenmeli ve yeni {irtin tirevlerinin
gelisimi  i¢in  yeterli diizeyde bilimsel
calismalar yapilmalidir._

Bunlarin yam sira, bugiin i¢in mecburi
olarak bagimli oldugumuz degerler s6z
konusudur. Bu degerlerin basinda enerji

hammaddeleri gelmektedir.
1isinmak, ulagim, sanayii olgekli ¢alisma
amagl, hayatimiz1 devam ettirmek igin
zorunlu ihtiyvaglarimiza karsilamak nedeniyle
bu enerji hammaddelerine  gereksinim
duymaktay1z. Bu ihtiyacimizdan
vazgegebilme gibi bir likksimiiz pek de
miimkiin gériilmemektedir. Ancak aym is ya
da ihtiyag, daha az enerji kullanarak
karsilanabilirse hem bireysel ekonomi, hem
de tilke ekonomisine katki saglanmus olur.
Giiniimiizde 1s1 yalihm amagh birgok
malzemenin varligt s6z konusudur. Ancak
bunlarin biiyiik bir kismu suni malzemelerden
olugmakta ya da organik malzeme igeriklidir.
Bunun birgok dezavantajli hususlar s6z
konusu olabilmektedir. Alev almasi, yangina
karst  dayammlanmin  dusikligi  ve
atmosferik  sartlardan  etkilenmesi  gibi
ozellikler sadece bunlardan birkagidir.
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Bu makale kapsamindaki yiiriitiilen ArGe
calismasimdaki en 6nemli amag, dogal bir
malzemeden iiriin tiirevleri ortaya koymaktir.
Ancak bazen tek bir dogal malzemeyle
istenilen tiim ihtiyaglara cevap bulabilmek
pek de miimkiin gorilmemektedir. Bu
baglamda, kompozit malzeme kullammlarina
dogru yonelmek daha anlamli
olabilmektedir. Kompozit harglar, baglayici
maddeler, agrega ve yeterli miktardaki suyun
ve  gerektiinde  harcm  6zelliklerini
gelistirmek amaci ile kullamlan polimer
katki maddelerinin kanistirilmasi ile elde
edilen bir yaprt malzemesidir (Giindiiz vd.,
2007).

Bu makale calismasinda, kompozit bir
iriin olarak nitelendirilebilecek normal
Portland ¢imentosu icermeyen yalitim amagli
plaka trinii gelistirilmesi iizerine bir dizi

deneysel  calismalar  yapdmustir.  Bu
incelemede, TS EN 998-1 standardi ve
ASTM standartlarinda ongoriilen

parametrelere gore bir dizi teknik analizler
vapimstir. Elde edilen bulgular yalitim
amagh  plaka olarak  kullamlabilirlik
agisindan irdelenmistir._

2 VOLKANIK CURUF AGREGA

Volkanik ciiruf agrega, ¢esitli volkanik
aktivitelere baglh olarak, bazaltik karaktere
sahip lavlarin, patlamanin olusturdugu
basincin etkisiyle, catlaklar boyunca sizmasi
sonucu olusan bazaltik-andezitik
kompozisyona sahip, gozenekli, camsi1
volkanik bir kayag tiriidiir.

Volkanik orijinli, bosluklu ve dogal
gozenekli bir yaprya sahip olan ciiruf
olusumlari, volkanik faaliyetlerin bulundugu
diinyanin birgok bolgesinde bulunmaktadir.
Ulkemiz, bu kaya¢ olusumu ve ckonomik
olarak  degerlendirilebilirlik  bakimindan,
onem arz etmektedir. Ozellikle, Ege Bélgesi
ve Akdeniz Bolgesinin bazi illerinde,
oldukca  genis  olusumlara  rastlamak
miimkiindiir. Manisa bu iller arasinda yer
almaktadir. Ozellikle, Manisa ili Kula ve
Salihli ilgeleri ¢evresinde bulunan, volkanik
ciruf olusumlariun dagilim g6z Sniine
alindiginda, bu volkanik kaya¢ olusumlarimin
endiistrivel olarak  degerlendirilebilirligi
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Onemli olmaktadir (Demirdag ve Giindiiz,
2003).

Volkanik ciiruflar, aymt zamanda fiziksel,
kimyasal ve yapisal 6zelligi itibariyle, insaat
scktoriinde kullamlan dogal hafif agrega
siifina girmektedir. Bu agregalarin  bazi
kimyasal ve fiziksel 6zellikleri genel olarak
Cizelge 1 ve Cizelge 2’de verilmistir.

Cizelge 1. Volkanik Ciiruf Agregalarn
Kimyasal Ozellikleri.
Major Bilesen % Deger
Si0, 45,1 — 46,5
Al,O4 15,5 -15,8
Fe,O; 10,4 10,8
CaO 8,5-289
MgO 5,6 —6,1
SO; 0,03 - 0,04
Na,O+ K,0 11,1 -11,8
AK. 1,3-19

Cizelge 2. Volkanik Curuf Agregalarin Baza

Fiziksel 6zellikleri.

Boyut Aralis | (e A | Syenme
(mm) (kg/m’) %)
>32 200 - 220 32-35
16-32 320 - 360 25-28
8-16 470 -510 22-25
4-8 620 - 670 18 -21
2-4 750 - 820 14-17
1-2 900 - 950 12-14
0,5-1 980 - 1100 11-13
0,25-0,50 1200 - 1290 8-9,5
<0,25 1340 - 1420 -

Bilindigi gibi deprem sistematigi agisindan
binalarm o6li yiikiini azaltmak 6nemli bir
faktordiir. Bu nedenle insaat sektoriinde
yvogun bir sekilde hafif agrega kullamm
gereksinimi  giin  gectikge  artmaktadar.
Aynica hafif agregalanin  diisiik  birim
agirliklant sebebiyle, son yillarda yaliim
amagh kompozit iirtinlerinin
gelistirilmesinde tercih edildigi
goriilmektedir. Bu calismada, gozenekli ve
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birim agirhgr disik Salihli-Kula yoresi
volkanik ciiruflari, hafif agrega olarak
yalitim amagl pladka o&rnek {iretimlerinde
kullanmlmastir.

3 KOMPOZiT YALITIM AMACLI
PLAKALAR

3.1 Sarf Malzemeler

Bu calismada, hazirlanan tiim karisimlarda
Salihli-Kula bolgesinden tedarik edilen
volkanik ciiruf agregalari, primer kiricilarda
kinlarak —1 mm boyutta simflandirilarak
kullamlmagtir,

Karnsimlarda magnezyum oksit, inorganik
pigment ve 5 pm mikronize malzemeyle
harmanlanarak baglayici ve dolgu malzemesi
elde edilmistir.

Bilindigi gibi, magnezya (MgO) genellikle
manyezit (MgC0;) mineralinden veya deniz
sularindan elde edilir. Kalsinasyon islemi
doner veya dik firmlarda gergeklestirilir. Dik
finnlarda genellikle 1 cm tane boyutu
ustiindeki, doner finnlarda ise 1 cm tane
boyutu altindaki manyezit cevheri kalsine
edilir. Kalsine edilmis manyezit minerali
farkli karcilar ile istenen boyuta kiriir ve
degirmenle ogiitiilir (Ozer ve Kinkoglu,
2001).

Karisim kombinasyonlarinmin tamaminda
ayrica toz formda magnezyum Kkloriir
hekzahidrat, -75 um boyutunda inorganik

dogal puzzolan malzemeyle modifiyve
edilerek vardunci bilesen olarak
kullanmlmastir.

Bilindigi gibi  magnezyum  kloriir

hekzahidrat (MgCl,6H,0), suda ve alkolde
coziiniir. Magnezyum kloriir 1sitildiginda
kismi olarak hidrolize ugrar. Tuzlu su veya
deniz suyundan ckstrakte edilir. Elektroliz
kullarularak magnezyum kloriirden ekstrakte
edilen magnezyum metalinin en ¢ok bilinen
kaynagidir. Magnezyum kloriir hekzahidrat
¢imento, delme ve ogitme carklarinda,
kimyasal iiretim ve toz baglamada,
magnezyum  metal  iiretiminde,  ates
gecirmezlik ajanlarda, tekstil ve kagit
iretiminde katki olarak, dezenfektanlarda,
vangin sondiiriiciilerde ve seramiklerde
vaygin olarak kullamlmaktadir. Bu genis
kullamm alam baglaminda, magnezyum

kloriir hekzahidrat toz formda yiiksek SiO,
igerikli (>%97) mikronize dogal puzzolan
malzeme ile modifiye edilerck beyaz renkte
bir bilesen olarak kompozit yaliim amagl
plaka iiretiminde kullamlmigtir (Giindiiz ve
Elmakusu, 2012).

Ulkemizde madencilik sektériinde her
gegen giin mermer ocaklarinda kesme,
isleme ve jeolojik faktorlerden kaynaklanan
CaCO; kokenli atikk malzeme birikimi s6z

konusudur.  Dolayistyla  bu  calisma
kapsaminda, hem karisim
kombinasyonlarimin  iglenebilirligini, harg

(hamur) yapisim ve kivamum iyilestirmesi,
hem de attk malzemenin degerlendirilmesi
amaciyla -100 pm boyutlu mermer atik tozu
kullanmlmstir.

Bu ArGe calismast kapsaminda, plaka
iiriinlerinin birim hacim agurhigim distirmek
ve dolayisiyla 1s1 yalitun  6zelligini
iyilestirmek amaciyla karisim
kombinasyonlarinda -1 mm  boyutlu
genlesmis perlit kullandmastir.

Karisim kombinasyonlarinda kullamilan
diger bir malzeme ise, attk olarak
adlandirilabilecek  agag talasidir.  Agac
talasimin lifsi yapist ve tutuculuk o6zelligi
saglamasi, kansimlara teknik bir avantaj
saglamaktadir. Bu sebeple, pléka triinlerinin
gelistirilmesinde baz1 karisim
kombinasyonlarinda —2 mm boyutlu talas
malzeme kullanilmstir.

3.2 Kompozit Har¢ Kombinasyonlari

Bu calismada, konutlarm i¢c ve dis
cephelerinde  kaplama  elemam  olarak
kullanilmasi amaciyla plaka iiriin
geligtirilmesi  i¢in ~ normal  Portland
¢imentosuz alternatif karistm

kombinasyonlar1 hazirlanmistir.  Kompozit
orneklerine ait farkli kangim bilesenleri
asagidaki sekilde tasarlanmastir.

v Magnezyum OKksit + Dolgu
v Modifiye Magnezyum Kloriir
v" Volkanik ciiruf agrega

v Mermer atik tozu

v Genlesmis Perlit

v Agag Talasi
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Bu calisma kapsaminda 2 grup belirlenmis
ve her bir grup 4’er seriden olusmak tizere
toplam 8 seriden olusan alternatif karisim
kombinasyonlar hazirlanmistir.

Her iki gruptaki biitiin karnisim serilerinde
dolgu amagh olarak kullamilan atik mermer
tozu kangimlarda agirlikga %10 oraminda
kullanulmustir. Baglayict olarak kullanilan
MgO-+Dolgu/Modifiye MgCl, oran ise biitiin
kangimlarda 2 olarak sabitlenmistir. Ancak
iki grubu birbirinden ayiran parametreler:

1. gruptaki karisim serilerinde
MgO+Dolgu agirlikca %40 ve Modifiye
MgCl, agirlikca %20 olarak belirlenmistir.
Bu gruptaki karisimlarda bilegenlerin tiriin
iizerindeki analizsel olarak etkilerinin
irdelencbilmesi amaciyla 4 farkli seri
tasartm yapilmistir. Bu sekilde, volkanik
ciruf agregasimin, genlesmis perlitin ve
aga¢ talastmn aynn ayn ve Dbirlikte
kullanilmasinin plaka iriinlerine olan 1s1
valitim performans etkileri de detay olarak
irdelenmistir.

2. gruptaki kansim serilerinde ise,
MgO+Dolgu agirlikca %45 ve Modifiye
MgCl, agirhikca %22,5 olarak
belirlenmistir. Buradan baglayici
malzemelerin artisgimin harg ve iriinlere
olan etkisi incelenmistir.

Bu kangimlar oncelikli olarak taze harg
formunda eclde edilmis olup, daha sonra
deney orneklerinin hazirlanmasi amaciyla
farkli boyutlardaki kaliplara dokiimleri
vapimstir. 2 grupta toplam 8 farkli karisim
kombinasyonlart Cizelge 3 ve Cizelge 4°de
verilmigtir.

Kanigim  ¢rneklerinin - hazirlanmasinda
optimum  swkati oramm  belirlemek
amactyla, ASTM-C 230 ve TS EN 1015-3
standartlarina uygun akma tablasi yontemiyle
kivam analizi yapilmstir (Sekil 1). Bu
yontemde, taze har¢ olarak hazirlanan
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karisimin uygun su orani, ilk yayilma gapinin
ortalama 165+5 mm olmasi esas alinarak
elde edilmistir (Giindiiz v.d., 2007). Bu
analizlere gore 1. grup kanigimlarda sirasiyla
swkat1 oram 0,148, 0,56, 0,31 ve 0,55 olarak
belirlenmigtir. 2. Grup kangimlarda ise
0,148, 048, 0,24, 0,37 olarak swkati
oranlarimn en uygun karisim kivamlarim
sagladig tespit edilmistir.

™ i

Sekil 1. Taze harcin akma tablosundaki
yvayilma durumu.

Taze har¢ olarak hazirlanan karigimlar
fiziksel ve mekanik 6zelliklerin belirlenmesi
amaciyla 5x5x5 cm  boyutundaki kiip
kaliplara, 4x4x16 c¢cm boyutlarinda prizmatik
kaliplara ve ayrnica 5x20x40 cm plaka
kaliplara dokiilmiistiir (Sekil 2). Bu 6rnekler,
24 saat sonra kaliplardan ¢ikartilarak normal
ortam kosullarinda kiirlenmis olup, 28
giinlik kiir sonrasinda 6rneklerin  birim
hacim agirlik, kical (kapiler) su emme ve
basing dayamm gibi teknik 6zellikleri
belirlenmigtir (Cizelge 5). Bu ¢alismada
yiriitiilen tim deneysel ¢alismalar Silleyman
Demirel Universitesi, Pomza Arastirma ve
Uygulama Merkezi laboratuarlarinda
yapilmstir.
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Cizelge 3. Kompozit 6rnekler igin 1. Grup karisim kombinasyonlari

1. GRUP
Karigim 1 Karigim 2 Karigim 3 Karigim 4
Agirlikga %  Agirlikga %  Agirlikea %  Agirlikea %

MgO+Dolgu 40 40 40 40
Modifiye MgCl, 20 20 20 20
Mikronize Dolgu 10 10 10 10
1 mm Volkanik Ciiruf 30 20 20 15
Genlesmis Perlit 0 10 0 7,5
Agag Talagt 0 0 10 7,5

Cizelge 4. Kompozit 6rnekler i¢in 2. Grup karisim kombinasyonlar

2. GRUP
Karigim 5 Karigim 6 Karigim 7 Karigim 8
Agirlikca %  Agirlikca %  Agirlikea %  Agirlikea %

MgO+Dolgu 45 45 45 45
Modifiye MgCl, 225 225 225 22,5
Mikronize Dolgu 10 10 10 10
1 mm Volkanik Ciiruf 225 15 15 11,25
Genlesmis Perlit 0 7,5 0 5,625
Agag Talagt 0 0 7,5 5,625

Sekil 2. Kompozit numune drneklerinden genel bir goriiniim

miktarn1 artirilarak, bu artisin  numuneler
iizerindeki etkisini gorebilmek amaciyla
birim hacim agirlik, basing dayanmi, kilcal
(kapiler) etkiyle su emme ve 1s1l iletkenlik
acisindan irdelemeler yapilmis olup, teknik
bulgular Cizelge 5’de verilmistir.

4 BULGULAR VE TARTISMA

Kompozit yapida yalitim amagli plaka
iiretimi iizerine 2 grup seklinde toplam 8 seri
kanistm  kombinasyonu  hazirlanmistir.
Kangimlar arasinda baglayicti malzeme
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Cizelge 5. Kompozit rneklerin teknik analiz verileri.

Ozellik Kangiml  Kangim2 Kangim3 Kangim4 Kangim5  Kangim6 Kangim7  Karigim8
Volkanik Cruf 30 20 20 15 25 15 15 11,25
agrega miktari (%)
Birim Hacim
Agilik (Ke/) 1989 1074 1326 990 1996 1135 1525 1177
28 giin kiir sonrast
Basing Dayamm 536 41 161 35 555 98 265 150
(Kg/em®)
Kilcal Su Emme
(kgm? daid 0,032 1,594 0,093 0,81 0,026 0922 0,038 0,234
Isil fletkenlik Degeri
(WinK) 1,192 0,297 0,435 0,261 1,205 0,326 0,589 0,347
Her bir kansima ait 6rneklerin birim
hacim agurlik degerleri kiir serilerine gore 2500
belirlenmis ve grafiksel olarak $ekil 3’de £ 2000
verilmistir. Nihai priz siiresi sonunda 1. ¥
gruptaki karisim kombinasyonlarindan elde = (500 | —
edilen numunelerin birim hacim aglrhk 2 7. Giin
degerlerinin 990  kg/m’-1989  kg/m’ ¢ 1000 1 - )
araliginda degistii gozlenirken, 2. gruptaki G 500 - ¥ 14. Giin
kansim kombmasyonlanndan elde edllen I 28. Giin
numunelerde ise bu degerlerin 1135 kg/m’- £ 0 -
1996 kg/m’ arasinda degistigi gozlenmistir. @ N % % o %
& & & &
Kangsimlarda volkanik ciirufun tek basina &} & & & \*‘ & &
etkisi kansitm 1 ve kanisim  5’te &g @ & @* &
gomlmek"te.('ilr. \(o_lkamkv cliruflu Vserlle.r n Sekil 3. Kir siiresine bagli  olarak
daha distik birim agirhk degerlerine

ulasmasi amaciyla genlesmis perlit, ilave
bilesen olarak kullamldiginda ise karisim 2
ve kansim 6 numuneleri elde edilmistir.
Grafiksel analizden de goriildiigi gibi
genlesmis perlitin bilesen olarak
kullamlmasiyla, bu kangimlarda birim hacim
agirhik degerleri diismektedir. Diger bir
parametre olarak ta kansimlarda volkanik
ciruf agregas: ile birlikte aga¢ talasimin
kullamlmasiyla elde edilen numunelerin
(Karisim 3 ve Karigim 7) birim hacim agirlik
degerlerinde, volkanik ciiruf agregalarimn
tek basma kullanildigr diger karisim
serilerine  gore yaklastk %28’lik  bir
azalmanmn meydana geldigi de gorillmiistiir.
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numunelerin birim hacim agirlik degisimi

Calisma kapsaminda, 28 ginlik priz
stiresini tamamlamis plaka numuneleri icin
kuru birim hacim aguhik siuflamasi
vapimstir. Bu simiflama;

v’ Diisitk yogunluklu plaka :600-1200 kg/m?

v’ Orta yogunluklu plaka  :1200-1600 kg/m®

v’ Yiiksek yogunluklu plaka :1600 kg/m® ve

uzeri sinir degerler kabul edilerek siniflanmigtir.

Bu siniflamaya gore, ¢calismada elde edilen
orneklerin karisim kombinasyonlan farkl
kategorilere ayirabilmektedir (Cizelge 6).
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Cizelge 6. Karisum kombinasyonlarinin birim
hacim agirlik kategorilerine ayrilmasi

Dustk Orta yogunluklu Yiksek yogunluklu
yogunluklu plaka plaka plaka

(kg/m?) (kg/m?) (kg/m?)
Karigim 2: 1074 Karigim 3: 1326 Karigim 1: 1989
Karigim 4: 990 Karigim 7: 1525 Karigim 5: 1996

Karigim 6: 1135
Karigim 8: 1177

Ulkemiz deprem kusaginda olan bir iilke
oldugu i¢in yasamlan mekanlarin depremin
zararll etkilerine karst dayamkli olmasi
gerekmektedir. Yalitim amacgh kullamilacak
iirtiinlerin yiiksek 1s1l performans gostermesi
ve bina agihifma olast en diigiik
seviyelerde etki etmesi, aym zamanda
depremsellik agisindan da son derece
kagimilmaz olmaktadir. Bu nedenle plaka
griinlerin ~ basing  dayamim  analizleri
deneysel yontemlerle belirlenerek elde

edilen veriler 1s18inda, test orneklerinin
dayamum degerleri i¢in asagida tammlanan

bir smuflama seklinin daha uygun
olabilecegi goriilmiistiir:
v <50 kg/cm® Tasiyict  olmayan

nitelikteki tirinler

v 50-150 kg/cm® araligi: Yan tastyict
nitelikte iiriinler

v/ 150-350 kg/em® arahigr  Tastyict
nitelikte iiriinler
v >350 kg/em®  :Yiiksek dayanim

performansina sahip iiriinler

Bu simiflama kapsaminda hazirlanan karigim
kombinasyonlarinin basing dayanmim
degerleri bazinda kategorilere ayrilmustir
(Cizelge 7).

Cizelge 7: Kansim kombinasyonlariin basing dayamm degerlerine gére kategorik

gruplanmasi

Tastyict olmayan Yarn tasiyica Tasiyic nitelikte Yiiksek .
(kg/em?) (kg/cm?) (kg/cm?) mukavemetli
: : . (kg/cm?)

Karigim 2: 40,56 Karisgim 6: 97,82

Karigim 4: 34,61 Karigim 8: 149,77

Karigim 3: 160,66 Karigim 1: 535,5

Karigim 7: 265,27 Karigim 5: 555,3

Is1 yalitm performansinin yiiksek olmasi
arzu edilen iriinlerde, birim hacim agulik
degerlerinin olabildigince minimal
seviyelerde olmasi  Ongoriilebilmektedir.
Ancak birim agirlik degerinin diisiik olmasi,
gogunlukla o malzemenin mukavemet
degerinin de diisikk olmasim saglamaktadir.

Bu nedenle, kullamm kosullarina bagimli
mukavemet  degerlerinin  korunabilmesi
acisindan, basing dayanmum  degerlerinin

distirilmemesi  hedef alinmalidir. Bu
baglamda numunelerin birim hacim agirlik-
basing dayamim iligkileri grafiksel olarak
irdelenmis olup, Sekil 4 ve Sekil 5°de
verilmigtir.

2500

Kangim1-Kangim 4

2000
y=1,9147x +972,28

R? = 0,993
1500

1000

500

Birim TTacim Agirlhik kg/m?

0 100 200 300 400 500 600

Basmg Dayamm kg/cm?

Sekil 4. Kangim 1 - Karisim 4 iiriinlerinin
birim hacim agirlik-basing dayamm iligkisi
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2500

Karigim5-Karigim 8
2000

1500 .
y=1,9331x + 942,03
R?=0,9826
1000

500

Birim Tlacim Agirlik kg/m?

0 100 200 300 400 500 600

Basmg Dayammi kg/cm?

Sekil 5. Karistm 5 - Karnigim 8 iriinlerinin
birim hacim agirlik-basing dayanim iligkisi

Sekil 4 ve Sekil 5 irdelendiginde
goriilldugii gibi, numunelerin birim hacim
agirthiklann  arttitkga  basing dayamm
degerlerinde de bir artig  trendi
goriilmektedir.  Sekil  5’deki  karisim
iirinlerinin  Sekil 4’de belirtilen karisim
iiriinlerinden temel farki, baglayic1 olarak
kullamlan malzeme miktariin karnigimlar
igerindeki agilikca miktarimin  toplamda
%7,5’Iuk artisidir. Bu artis miktarina bagh
olarak birim hacim aguilik degerlerinde bir

artig gozlenirken, basing dayamm
degerlerinde de bu artisin  oldugu
goriilmigtiir.

Yalittm  performans1  yiiksek  plaka

ornekleri elde edebilmek igin, belirli bir
mukavemet degerinin saglanmasinin yanmi
sira, bu malzeme tirevinde 1s1l iletkenlik
degerinin de olabildigince diisiik degerler
gostermesi aramlan temel 6zelliktir. Bu
baglamda, pldka har¢ Orneklerinin birim
agirhik degisimlerine gore 1s1l iletkenlik
degerlerindeki degisim olgusu, her bir grup
omek icin detayli analiz edilmis olup,
bulgular Cizelge 5°de verilmistir. Buradan da
goriilecegi tlizere, test orneklerinin birim
hacim agirlik degerleri arttikga, 151l iletkenlik
degerlerinde de dogrusal kabul edilebilecek
bir artis trendi oldugu goézlenebilmektedir. 1.
grup calismada elde edilen o6rneklerin 1s1l
iletkenlik degerleri 0,261 W/mK - 1,192
W/mK  aralifinda degisim gostermektedir.
Ozellikle karistm kombinasyonu igerisine
aga¢ talas1t ilavesi, bulgulardan da agikga
goriildugii gibi plaka malzemesinin 151l

2156

iletkenlik performansim genlesmis perlit
ilave edilmesine kiyasla kétilestirmektedir.
Ancak, karisgim kombinasyonunda genlesmis
perlit ve agac talast aym zamanda
kullanildigin-da ise, plaka malzemesinin 1s1l
iletkenlik performansim ¢ok 6nemli 6lgekte
iyilestirmektedir. 1. grup c¢alismada ilk
vapilan kangim (Karngim 1) kompozisyonu
sadece volkanik ciiruf agrega i¢eren karisim
olarak kontrol ornegi baglaminda ele
almacak olur ise, bu karnisima agirlikga %10
genlesmis perlit ilavesi, malzemenin 151l
yvalittim performansinda %75,1 oramnda bir
iyilesme sagladig1 goriilebilmektedir. Benzer
sekilde, bu kangitma agirlikga %10 agac
talast ilavesi, malzemenin 1sil yalitim
performansinda %63,5 oraninda bir iyilesme
ve genlesmis perlittaga¢ tashnin birlikte
kullamldigr karistm kompozisyonunda ise
%78,1 oraminda bir iyilesme olgusu
goriilebilmektedir.

2. grup cahgmada, ilk gruptaki plaka
orneklerinin 1511 iletkenlik irdelemelerine
benzer bir karakteristik olustugu tespit
edilmigtir. 2. grup calismada elde edilen
orneklerin 1s1l iletkenlik degerleri 0,326
W/mK - 1,205 W/mK araliginda degisim
gostermektedir. Ozellikle kangim
kombinasyonu igersine aga¢ talast ilavesi,
bulgulardan da agikga goriildigi gibi paka
malzemesinin 1s1l iletkenlik performansin
genlesmis perlit ilave edilmesine kiyasla
kotilestirmektedir. Ancak, bu karisim grubu
kombinasyonlarinda en diistik 151l iletkenlik
degeri agulikga %7.5 genlesmis perlit
ilavesinin yer aldig1 6 nolu karisim 6rnegidir.
Bu grupta yer alan Karisim 5 kompozisyonu
kontrol 6rnegi olarak diisiiniillecek olur ise,
bu karisima agirlikga %10 genlesmis perlit
ilave edildiginde, kontrol ornegine gore
malzemenin 1sil yalitm performansinda
%72,9 oranminda bir iyilesme
goriilebilmektedir. Benzer sekilde, bu
kangima agirlikca %10 agag talast ilavesi,
malzemenin 1sil yalitm performansinda
%51,1 oraminda bir iyilesme ve genlesmis

perlittagag taglmn birlikte kullanmildig
kangtim  kompozisyonunda ise %712
oraninda bir iyilesme olgusu
goriilebilmektedir.
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Bir plaka malzemenin uygulama alaninda
kullaulan kalmligr sabit olmak kosuluyla,
enerji verimliligine etkisi malzemenin 1s1l
iletkenlik degerinin bir fonksiyonu olarak
degisim gosterebilmektedir. Genel olgu,
malzemenin 1s1 iletkenlik degeri dustiikge,
1s1l yalitim performans: iyilesmekte, bunun
dogal bir sonucu olarak da enerji verimliligi
daha vyiiksek olmaktadir. Bu baglamda,
vapilan ArGe galigmasi siirecinde genlesmis
perlit ve aga¢c talast katkidi karnisim
kombinasyonunlarin  daha  digsik  1s1l
iletkenlik degerine sahip oldugu genel bir
karakteristik olarak ele almnabilir. Bu
nedenle, aym  bir pldka  kalinhif
kullanildiginda genlesmis perlit + agac talasi
katkili pladka Orneklerinin, diger karisim
kombinasyonlarina ait plaka orneklerine
kiyasla daha yiksek enerji verimlilik
oranlarina sahip olabilecegi goriilmektedir.
Omegin, 1. grupta yer alan ve genlesmis
petlit+agac talas1 katkil plaka
kombinasyonu, sadece volkanik ciiruf
agregali plaka ornegine gore yaklagik 4,6 kat
daha enerji verimli ve yiksek yalitim
sagladig1r goriilmektedir. Bu olguda bu tarz
plaka malzemelerin  uygulandigt  duvar
modellerinde, o kapali mekina Onemle
Olceklerde enerji verimliligi saglayacagl da
kacinilmaz olmaktadir.

5SONUCLAR

Bu calismada elde edilen bulgular 1s181nda,
kompozit yapida Portland cimentosu
kullamlmaksizin elde edilen ve-
magnezya+dolgu baglayicili bilesenli
kanisim kombinasyonlarinda plaka iiriinlerin
gelistirilebilecegi goriilmektedir. Bu

kombinasyonlara ait triinlerin mukavemetli,
aym zamanda gintimiizde i¢ ve dis cephe
kaplama elemam olarak kullanilan diger
plaka irinlerine goére 1sisal  konfor
ozelliklerinin daha yiiksek performanslar
sergileyebilen  trtinler  oldugumu  da
gostermistir. Ayrica bu karigimlar igerisinde
kullamlan volkanik ciiruf agregalarin plaka
iiriinlerinin gelistirilmesinde gézenekli yapisi
ve hafifligi nedeniyle 6nemli bir materyal
oldugu goriillmiistiir. Dolayisiyla farkli yap1
ve orijindeki volkanik kékenli malzemeler

veya pomza kaya¢ olusumlarmin da hafif
agrega baglaminda yeni nesil plaka tirtinlerin
gelistirilmesinde kullanilabilecegi
ongoriilebilmektedir.

Calismada elde edilen bulgulara gore
vaptlan o6n degerlendirmelerde, piyasada
mevcut olarak kullamlmakta olan plaka
iiriinlere gore daha ekonomik ve daha yiikse
1s1sal konfor ozelliklerine sahip olabilecegi
goriilmiistiir.
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Tiurkiye’nin Radyoaktif Maden Potansiyeli ve Gelecegi
The Radioactive Minerals Potentials of Turkey and Its Future

Abdullah Coban

Erciyes Universitesi, Fen Fakiiltesi, Kimya Boliimii, Kayseri

OZET Bu cahgma Tirkiye'nin radyoaktif mineraller potansiyelini belirlemek igin
vapilmistir. Calismada Tiirkiye’ nin biiyiik radyoaktif maden rezervleri oldugu ve buralardaki
radyoaktif element muhtevasimn oldukga yiiksek oldugu bulunmustur. Bu ¢alisma yabanci
firmalarin bu maden potansiyelinin farkinda oldugunu ve 2010 yilindaki kanun ile radyoaktif
elementlerin diger minerallerden ayrilmasimin arkasindaki sebebin bu oldugunu ortaya
koymaktadir.

ABSTRACT This research has been carried out for the determination of radioactive minerals
potential in Turkey. During this investigation it has been found that Turkey have huge
amount of radioactive mineral reserves and their radioactive elements contents is also very
high. This study proved that this potential has been noticed by the foreign companies of the
world. This reason behind the separation of radioactive element from the rest of the minerals
containing ores by the law 2010 becomes obvious.

1 GIRiS

1.1 Yer alti Kaynaklarimiz

Ulkemizin gerek petrol gerckse madenler
bakimindan son derece zengin oldugu

bilinmektedir. Krom, demir, kursun, ¢inko,
bakir gibi metalik madenlerin ve bentonit,

diyatomit, al¢i, kuvars gibi endiistriyel
hammaddelerin iretimi villardir
vapulmaktadir [1].

Ulkemizde yillardir “petrol yok” denilse
de Petrol Isleri Genel Miidiirliigii niin
internet sitesinde Dogu ve Giineydogu
Anadolu Boélgemizin petrol arama ve isletme
ruhsatlan ile dolu oldugu gorilmektedir [2].
Ayrica 2010 yili resmi verilerine gore 1
milyar metrik ton petrol iilkemizde
mevcuttur|2].

Hizla gelisen teknolojiye paralel olarak
enerji ihtivaci da artis géstermektedir. Enerji

iretiminde kullarulan petrol, dogal gaz,
komiir gibi fosil enerji kaynaklarmnin 6mrii
100-150 yildir. Bu nedenle enerji iiretiminde
alternatif kaynaklar 6zellikle niikleer enerji
iizerine arastirmalar yogunlastirilmaktadir.
Niikleer enerji iiretimi igin radyoaktif
elementlere ihtiyag duyulmaktadir. Bu
nedenle radyoaktif madenler agisindan
zengin rezervleri olan ilkeler gelecegin
enerjisinin iiretiminde biiyiik rol
oynayacaklardir. Diger yer alti kaynaklarn
bakimindan oldukga zengin olan iilkemiz
radyoaktif madenler agisindan da oldukga
zengindir.

Sahip oldugumuz bu zenginliklerimizin
oneminin farkinda olan pek ¢ok yabanci iilke
bunlan elde etmek istemektedir. Bu olaya
sadece basit bir maden isletmeciligi gozi ile
bakilmamalidir. Olaylarin  nedenleri  ve
sonuclann iyi tahlil edilerek ilkemizin
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gelecegi acisindan dogru bir degerlendirme
yapilmasi gerekmektedir.

1.2 Maden Kanunundaki Diizenlemeler

2004 yilinda 3213 sayili maden kanununda
baz1 diizenlemeler vapild. Bu
diizenlemelerin yapildig: sirada yaklasik bir
yil  siire ile Maden Isleri  Genel
Miidiirligi'nden higbir maden ruhsatinin
alinmasina izin verilmedi. Diizenleme resmi
gazetede yayinlandiktan sonra yapilan
miiracaatlarda en dikkat ¢ekici nokta maden
ruhsatt almak i¢in miiracaat edenlerin biiyiik
bir cogunlugunun yabanci firma olmasiydi.
Bu diizenleme yapilincaya kadar yabanci
firmalar cogunlukla yerli ortakliklan
iizerinden madencilik vaparken diizenleme
yapilir yapilmaz bizzat kendileri madencilik
yapmak i¢in kollar stvamiglardir.

Su anda yabanci firmalarin elinde pek ¢ok
maden ruhsati vardir ve bu sahalar1 kendileri
terk etmedikleri siirece geri almamiz
miimkiin  degildirr Bu ne anlama
gelmektedir? Su anda yer alt1 zenginliklerini
elde edebilmek icin iilkeler isgal edilirken
biz kendi nzamiz ile yer alti kaynaklarimzi
yabancilara agmig bulunuyoruz.

Konuyu bagka bir bakis agisindan daha
inceleyecek olursak konunun vahametinin
daha da biyik oldugu anlasilacaktir.

Yabanct firmalar iilkemizdeki maden
sahalarinda gerekli arastirma ve rezerv
tespiti galigmasim yaptiktan sonra bu

madenin nihai tirtine doniisecegi bir fabrika
veya tesis kurmamaktadirlar. Bazilar sahay1
sadece maden borsasinda degerlendirirken
bazilar zenginlestirme tesisi kurarak madeni
ara riin halinde iilkesine gotiirmektedir. Ara
iirtiniin igerisinde ne gotirildiigii konusunda
sirketin kendi beyam esas alinarak daha da
biiyilk bir hataya sebebiyet verilmektedir.
Cevherin  zenginlestirme ara {iriiniiniin
icerisinde ne kadar kiymetli madenin
cogunlukla hicbir beyan dahi yapilmadan
gotirildigii  asikardir. Cinkii  beyamin
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dogrulugunu  kontrol etme imkam
bulunmamaktadir.

Madenlerimiz konusunda yapilan bu
yanlis uygulamalardan sonra 2010 yilinda
yeni bir diizenleme daha gergeklestirildi. Bu
diizenleme oOnceleri 4. grup madenler
igerisinde yer alan radyoaktif madenler
igindi. Neden 4. grup igerisinde yer alan
uranyum, toryum ve radyum gibi elementleri
ihtiva eden cevherler icin yeni bir
gruplandirma geregi duyuldu? Bu sorunun
cevabt  oldukca acidir.  Yabancilarin
iilkemizdeki tespit etmis olduklar radyoaktif
madenleri de alabilmeleri i¢in yapilmustir.

Bu diizenlemede yillardir 4. grup
icerisinde degerlendirilen radyoaktif
madenler ayrt bir grupta toplanmus ve
mevcut 4. grup ruhsatlar i¢in ruhsat sahibi
talep ederse 6. Grup intibaki yaptirilmasina
izin verilmigtir. Ancak hemen hemen %90
Tirk madencisinin  kendi  sahalarinda
radyoaktif elementlerinin bulundugundan
haberi olmadig1 igin intibak yaptirmanus
dolayistyla da Tiirk madencilerin elindeki
sahalarda 6. Grup i¢in yabancilara agilmistir.
Buradan da agik¢a gorildiigi gibi asil hedef
ilkemizde  tespit  edilen  radyoaktif
madenlerin yabancilarin kullanimina
acilmasindan bagska bir sey degildir.

Mayis 2011 tarihli Madencilik ve Yer
Bilimleri Dergisinde ¢ikan yazi, yabancilarin
iilkemizdeki radyoaktif madenlerin farkinda
oldugunu ve ilgili yasal diizenleme yapilir
yapilmaz bu sahalart alip isletebilmek igin
hemen c¢aligmalara bagladiklarimi ortaya
koymaktadir. Yazimin bazi kisimlann su
sekildedir[3].

“Avustralya kokenli Anatolia FEnergy
Grubu tarafindan, Yozgat-Temrezli, Akoluk,

Mehmetbeyli  koyleri  etrafinda  yapilan

calismalarda  yitksek  tenorlii  uranyum

kaynagr bulundugu tesbit edilmigti.”
“Temrezli  uranyum  projesi  MTA

tarafindan 1980 yilinda baslatilnis ve proje
kapsanminda  toplam 507 kuyuda 74.000
metrelik sondaj yapilmistir. Sahamn cesitli
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noktalarinda farkl  degerlerde uranyum
degerleri tespit edilmis ancak proje 1990
yilinda durdurulmustur. Proje, son ii¢ yil
icerisinde, daha once MTA min ¢alistigr 94
uranyum _sahasimn _arama lisansin _alan
Aldridge  Uranyum ve Anatolia energy
ortakligi ile yeniden hayata gegmistir.”

2 RADYOAKTIF ELEMENTLER

2.1 Radyoaktivite

Radyoaktivite, ilk
tarafindan 19. yiizyilin sonunda
kesfedilmistir. Atom ¢ekirdeginin
kendiliginden bozunuma ugrayarak isinlar
vayinlaylp baska ¢ekirdege doniismesi
olayina radyoaktivite denilmektedir.
Bozunuma ugrayan radyoizotop dogada
kendiliginden bulunuyor veya dogada
bulunan diger radyoizotoplarin
bozunmasindan ortaya ¢ikiyorsa buna dogal
radyoaktiflik denilmektedir. Eger
bozunuma ugrayan radyoizotop insan
tarafindan, yapay olarak reaktorlerde veya
hizlandiricilarda tiretiliyorsa buna da yapay
radyoaktiflik denilmektedir [4].

olarak  Becquerel

2.2 Radyoaktif Elementler

Tabiatta bulunan radyoaktif elementler dort
gruba ayrilir:

Radyum grubu: Bu grup uranyum 238 ile
baglar ve art arda parcalanmalarla kararl
kursun 206'ya domniisiir.

Aktinyum serisi: Bu seri uranyum 235 ile
baglar ve kursun 207'ye doniiserck biter.

Toryum serisi: Adint aldig1 toryum 232 ile
baslar ve kursun 208 ile son bulur.
Neptiinyum serisi: Neptiinyum 237 ile
baslay1p, bizmut 209 ile biter[5].

2.3 Radyoaktif Kayaclar

Yerkabugunu meydana getiren kayaglar,
ihtiva ettikleri radyoaktif elementlerle farkla
katmanlar olusturmaktadirlar. Genel olarak

magmatik, tortul ve metamorfik olmak iizere
iice aynlan kayaglar farklt radyoaktivite
seviyesine sahiptirler.

Magmatik kayaglar, sicak ve viskoz
magmanin sogumasi ile meydana
gelmektedir. Tabiatta bulunan radyoaktif
elementlerden uranyum, toryum ve potasyum
magmatik kayaclar icerisinde yer almaktadir.

Tortul kayaglar, tortulagsma ve
sedimantasyon sonucu meydana gelmektedir.
Magmatik ve tortul kayaglarin uranyum ve
toryum oranlan kiyaslandifinda, tortul
kayaglarda uranyum ortalama 2.4 ppm,
toryum 6.5 ppm iken magmatik kayaglarda
uranyum ortalama 3.5 ppm, toryum 13.5
ppm bulunmustur [6].

2.4 Tiirkiye’nin Uranyum Rezervi

Ulkemizde MTA  Genel Miidiirliigii
tarafindan yiiriitiilen calismalar sonunda
9.129 Ton uranyum tespit edilmistir.
Uranyum bulunan belli basli yataklar ve
tenor bilgileri su sekildedir:

Yozgat-Sorgun (3 850 ton U3;Og, % 0,10
U305 tenorlit), Salihli-Kopriibast (2 852 ton
U30g, % 0,04-0,05 U;0g tenorli), Aydin-
Demirtepe (1 729 ton UsO0g % 0,08 UsOg
tenorlil), Usak-Fakili (490 ton U3Og, % 0,05
U305 tenérliy), Aydin-Kiigiikavdar (208 ton
U0, % 0,04 U30g tenorlii), Canakkale-
Ayvacik (250 ton U30g, % 0,1 U30¢ tendrlii)

[7].

2.5 Tiirkiye’nin Toryum Rezervi

1959 yili sonlarna dogru MTA tarafindan
yapilan arastirmalar sonucunda, Eskigehir'e
bagli Sivrihisar ilgesinin kuzey batisinda,
Kizilcadren, Karkin ve Okgu Kdoyleri
arasinda yer alan 15 km*lik bir sahada,
toryumun yam sira nadir toprak elementleri,
barit ve fluorit de bulunduran karmasik
yapili yataklara rastlanmustir. 1977 yilinda
MTA tarafindan hazirlanan rapora gore
bolgedeki cevherin ortalama tendri % 0,21
ThO, olup, toplam rezerv yaklagik 380 000
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ton ThO, civarindadir. Bu bolgelerle birlikte,
Malatya-Hekimhan-Kuluncak, Kayseri-
Felahiye ile Sivas ve Diyarbakir il sinirlan
icinde rastlanan toryum yataklarinda gerekli
calismalarin yapilmast sonucunda, iilkemiz
toryum  rezervinin  artacagt  tahmin
edilmektedir [7].

3 MATERYAL VE METOD

3.1 Materyal

2003 vyilindan baglayarak bugiine kadar
devam eden yaklasik 10 yillik madencilik
¢alismalarimz esnasinda iilkemizin pek ¢ok
yerindeki maden zenginliklerimizi 6zel ilgim
nedeni ile de  radyoaktif  maden
zenginliklerimizi inceleme ve arastirma
imkAmmiz oldu. Inccleme ve arastirma
yapmis oldugumuz boélgelerin bir kismu
yabanc1 veya yabanct ortaklik yapisi olan

firmalar tarafindan, maden kanununda
gerekli  diizenlemeler yapildiktan sonra
ruhsatlandirilmastir. Heniiz

ruhsatlandirilmamis, yabancilarin farkinda
olmadig1 bélge ve radyoaktif element ihtiva
eden farkli mineralojik yapilarinda desifre
olmamasi igin yaklagik bolge belirtilmigtir.
10 yili gecen siire icerisinde bu belirtilen
boélgelerin  tamamm  sistematik  olarak
taranmig,  birim  numuneler  alinmus,
standartlara uygun olarak temsili numuneler
hazirlanmus, analizleri yapilarak radyoaktif

elementlerin vaklastk dagilimlan
belirlenmigtir.

Yapmus oldugumuz incelemelerde
radyoaktif maden anomalisi gosteren

bolgelerde tekrar Geiger Miiller dedektorii
ile doz olgiimleri yapilmstir. Ozellikle
yiksek doz o6l¢iimii sonuglart veren Dogu
Karadeniz ve I¢ Anadolu Bélgesinden
inceledigimiz  bolgeyi biitiiniiyle  temsil
edecek birim numuneler alinmig, numuneler
standarda uygun olarak dortlenip
azaltildiktan sonra analiz edilmistir.
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3.2 Metot

Numune alma ve hazirlama standartlarina
uygun olarak alimip hazirlanmig temsili
numunelerin,

-Kanada’daki Acme Laboratuarinda,
-Istanbul Universitesi Miihendislik Fakiiltesi
Maden Miihendisligi Béliimiinde (Claisse
marka M4 Fluxer model cihaz ile),

-Erciyes Universitesi Teknoloji Arastirma ve
Uygulama Merkezinde (Pananalytical Axios
Advanced marka dalga boyu dagilimhi X-
Istm Floresans Spektrometresi ile) XRF
analizleri yaptirilnustir.

Geiger Miiller doz dlgtimleri Erciyes
Universitesi ~ Fen  Fakiiltesi ~ Kimya
Boliimiinde CNAEM marka NEB.211 model
cihaz ile yapilmustir.

4 DENEYSEL SONUCLAR

Ic Anadolu Bélgesinden inceledigimiz
bolgeler bundan sonraki kisimda Boélge I ve
Bolge II olarak adlandinilacaktir. Dogu
Karadeniz ~ bolgesinden  inceledigimiz
bolgede Bolge III olarak adlandirilacaktir.

Bolge I’den alinan numunelerin Kanadaki
laboratuarda yapilan analiz sonuglart Tablo
1’de gosterilmigtir.

Tablo 1.

Bolge Toryum | Uranyum
Ad (ppm) | (ppm)
I-A 18.8 13,6
1-B 15 17
I-C 24 .4 46
I-D 28.1 55,5
I-E 8.5 8.6
I-F 14.8 24.6
I-G 5,9 7.4
I-H 3.4 82,6
I-1 0,9 5.9
I-] 20,9 11
I-K 15 4874
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Boélge II’den aldigimiz numunelerin istanbul
Universitesi Miihendislik Fakiiltesi Maden
Miihendisligi Bolimiinde yapilan analiz
sonuglart Tablo 2’de, Bolge III’den alinan
mumunelerin analiz sonuglart da Tablo 3’te
gosterilmisgtir.

Tablo 2.

Bolge Toryum | Uranyum

Adt (ppm) (ppm)

II-A 1,2 3.4

11-B 23,5 15

1I-C 477 14

11-D 469 12

I1I-E 66,7 19,6

II-F 68.6 14 4

1I-G 27,6 3,9

II-H 229 2.3

Tablo 3.

Bolge Toryum | Uranyum | Radyum
Ad (ppm) (ppm) (ppm)
I11-A 0,2 1,1 6,12
111-B 0,1 0,7 6,98
11-C 0,1 0,7 4,67
111-D 0,5 0,1 1,89
111-E 1,2 0,7 2.9

I11-F 0.4 0,5 3.21
11-G 0,9 1,9 7.9

I-K, II-E ve II-F numunelerinin Erciyes
Universitesi  Teknoloji ~ Arastirma  ve
Uygulama Merkezinde yapilan XRF
analizlerinin sonuglar Tablo 4’de
gosterilmisgtir.

Tablo 4.

Bolge Toryum | Uranyum

Adt (ppm) (ppm)

I-K - 313

II-E 91 -

II-F 102,8 -

Bu numunelerin Geiger Miiller dedektérii ile
doz Olctimleri yapilmustir. Referans madde
olarak uranil asetat kullanilmis olup yayilim
hizlar1 Tablo 5’te gosterilmistir.

Tablo 5.

Numunenin Adi Yayilim Hiz1 (mR/s)
Uranil asetat 1,241+0,051

I-K 0,208+0,022

II-E 0,085+0,012

II-F 0,062+0,017

Sorgun 0,044+0,018

5 SONUCLAR

Yukanida da izah edildigi gibi, tilkemizde
MTA verilerine gore 9129 ton uranyum
bulunmaktadir. Ancak bunun  gergek
radyoaktif maden rezervimizi tam olarak
belirtmedigi 2003-2013 yillarnt  arasinda
sadece 3 bolgede vapmus oldugumuz
arastirmalar agikga gostermektedir. Birinci
bolgede 42 km genisliginde, 500 km
uzunlugundaki alanda  Geiger Miiller
Olciimleri yapilmus, yer yer cevherin bagka
minerallerce kaplanmasi nedeni ile diisiik
sinyaller alinmis olsa da bélgenin biiyiik bir
kisnu Onemli radyasyon vayilinu
gostermistir. Bu bolgeden alinan sistematik
orneklerin yapilan analizleri Tablo 1°de
goriilldiigii gibi 487.4 ppm uranyuma kadar
ciknusgtir.

Ikinci bolgede ise 100 km genisliginde
100 km uzunlugundaki bir alan arastirilnus
ve sistematik olarak alinan numunelerin
analiz sonuglart Tablo 2°de verilmigtir.
Birinci bdlgeye kiyasla nispeten diisiik
degerler tespit edilmis olsa dahi MTA min
arastirma yapmus oldugu Yozgat Sorgun
Bolgesinin yilizeyden alinan numunelerinin
analiz sonmuglant ile kiyaslandiginda bu
bolgenin de radyoaktif madenler yoniinden
olduk¢a zengin oldugu sdylenebilir.

Diger taraftan hi¢ tahmin edilmeyen ve
Geiger Miller dedektori ile de fazla
miktarda radyoaktivite Slgiilemeyen ti¢ ayn
bolgede ise genis radyum cevherine
rastlanmustir. 3,5 ppb radyum ihtiva eden
cevherlerin igletme i¢in ekonomik oldugu[8]
diistiniiliirse Tablo 3’te verilen sonuglar bu
degerin binlerce kati1 iizerinde oldugu,
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cevherlesmenin  ise ¢ok genis alanlara
yayildig1 tesbit edilmistir.

Anatolia Energy’nin Yozgat Sorgun,
Mehmetbeyli, Temrezli, Babali bélgesinde
yvapmis oldugu sondajlardan elde edilen
sonuglar Tablo 6’da gosterilmistir.

Tablo 6.

Lokasyon | Numune | Uranyum | Derinlik
ada boyu (m) | Miktart | (m)

(ppm)

Tur 1 1m 650 50,4
Tur 7 1 m 1240 66.3
Tur 10 24 m 1650 27,8
Tur 11 29m 760 82,2

Bu tablodan da acikgca goriilecegi gibi
calismis oldugumuz bélgelere kiyasla ¢ok
disiik radyoaktivite gosteren bu bélgede
uranyum konsantrasyonu 1650 ppm’e kadar

cikabildigine gore calisma boélgemizin
uranyumeca daha zengin olacag1
kanaatindeyiz. Elbetteki bunun sondaj

verileri ile de dogrulanmasi gerekmektedir.
Calismus oldugumuz bolgelerde MTA min
herhangi bir uranyum arastirmast yaptigi
bilgisine ulagilamanustir. Zaten MTA
tarafindan arastirilan bélgelerinde 2010°da
yapilan diizenleme ile 6. Grubun neden
ayrildigt ve bu bélgelerin  6nemli  bir
kismimin 94 ruhsatla kimlere verildiginin
nedenlerini agikga gostermektedir.

Konunun stratejik olmasi nedeni ile
calisilan bolgeler net olarak belirtilmemistir.
Fosil yakitlannn yakin bir gelecekte
Diinyanin enerji ihtiyvacimi karsilamayacagi
gbz oOmiine almirsa gelecekten radyoaktif
enerjinin ne kadar o6nemli oldugu, bu
nedenle de yabanct sirketlerin tilkemizde
veni bir diizenleme yaptirarak Tiirk
sitketlerinin ~ ve  bireylerinin  elindeki
sahalardaki radyoaktif elementlere de goz
dikmis olduklarim agik¢a gostermistir.

Bu nedenle iilkemizin oncelikli amacinin
onemli radyoaktif cevher rezervlerine sahip
olmasi daha temiz mini ve mikro niikleer

2164

santraller gelistirme konusunda bir an énce
caligsmalan tesvik etmesi gerekmektedir.
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Turkiye’de Biyodizel Uretiminde Karsilasilan Sorunlar
Biodisel Production Problems in Turkey

Yasin Erdogan
MK.U. Mihendislik Fakiiltesi, Petrol ve Dogalgaz Mithendisligi Bolivmii, Iskenderun/Hatay

Mustafa Keskin
M.K.U. Fen Bilimleri Enstitﬁsii,fskenderun/Hatay

OZET: Diinyadaki artan niifus, sanayilesme ve insan ihtiyaglari, enerji talebini her gegen giin
daha fazla olacak sekilde arttirmaktadir. Artan enerji talebi, enerji fiyatlannm dogrudan
etkileyerek arttirmakta ve bunun sonucunda hizmet sektorii, tarim, ulasim, gida gibi
insanoglunun en temel ihtiyaglart da olumsuz yonde etkilenmektedir. Enerji arzinda yaganan
bu sikmtilar diinya iizerinde yenilenebilir enerji kaynaklanm cazip hale getirmektedir.
Diinyadaki biyodizel, biyoethanol ve biyogaz gibi alternatif enerji yakitlanimn giin gegtikce
artan bir oranda kullanilmaya baslanmasi fosil yakitlar yerine ikame olacak yakitlar icin
vapilan arayisa en 6nemli 6rneklerdendir. Bu ¢alismada, biyodizelin avantaj ve dezavantajlari,
iilkemizde biyodizel konusunda yapilan galismalar ve biyodizel iiretiminde karsilasilan
sorunlar aragtirilmugtir. Elde edilen bilgiler sonucunda biyodizel tretiminde karsilagilan
sorunlarin giderilmesi amacryla ¢oziim 6nerilerinde bulunulmus ve balik kil¢ig1 diyagram ile
sorunlarin degerlendirmesi yapilmistir.

ABSTRACT: The world's growing population, industrialization and human needs, so that the
demand for energy increases with each passing day more and more. Energy prices, because of
increasing energy demand are affected directly and as a result of this, the service sector,
agriculture, transport, food, the most basic needs of human beings are affected adversely. The
problems facing in energy supply attract renewable energy resource in the world. Alternative
energy fuels such as biodiesel, bioethanol to be started to use inreasingly is the most important
example for fuel substituted instead of fosil fuels. In this study, the advantages and
disadvantages of biodiesel, biodiesel production was examined, and the problems encountered
are presented here. As a result of the information obtained for the purpose of solving the
problems, Suggestions were presented and evaluations of problems by using Ishikawa
diagram were made.

yonde etkilenmektedir. Ozellikle fosil

1 GIRiS

Diinyada artan niifus, sanayilesme ve
insan ihtiyaglari, enerji talebini her gecen
giin daha fazla arttirmaktadir. Artan enerji
talebi, enerji fivatlanim dogrudan etkileyerck
arttirmakta ve bunun sonucunda hizmet
sektori, tarim, ulasum, gida  gibi
insanoglunun en temel ihtiyaglan da olumsuz

kokenli yakitlarin (petrol, komiir vs.) fiyat
artis1 enerjide disa bagiml iilkeler icin biiyiik

sorunlara neden olmakta ve enetji
ihtiyaglarm kendi Ozkaynaklarindan
kullanabilmek igin yatirimlarda
bulunmaktadirlar.

Dogalgaz ve komiir yogun olarak elektrik
iiretiminde kullanilmakta olup petrolden hem
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elektrik iretimi hem de ulasim araglarimin
yakiti olarak faydalamlmaktadir. Genel
olarak diinya refah seviyesinin her gecen giin
artmast ve teknolojinin hizla ilerlemesi,
insanoglunun yasam ihtiyaglanm giderek
daha ¢ok konfor aramaya dogru yoneltmis ve
bu da enerji ihtiyacimn siirekli artmasina
neden olmustur. Bu durum simmrli enerji
kaynaklanimin  tiikenme riski  agisindan
oldugu kadar, acimasizca diinyamiza verdigi
gevresel zararlar agisindan da biiyilkk 6nem
arz etmektedir. Ulasim araclarinda yakit
olarak kullanilan petrol iiriinii yakitlarda bu
zincirin bir pargasidir. Geldigimiz nokta
itibant ile bilim insanlann her alanda oldugu
gibi ara¢ yakitlann ile ilgili olarak da
alternatif  enerji  kaynaklarn  aramaya
yonelmisleridir. Bu arayis iki ana baghkta
kendini gostermektedir: Birincisi kaynagin
venilenebilir(simirsiz) bir enerji  kaynagi
olmasi, ikincisi ise ¢evre etkileri acisindan
zararl azaltilmis bir kaynak olmas: seklinde
ifade edilebilir. Bu durumda en uygun ¢éziim
olarak biyodizel gorilmektedir. Yapilan
arastirmalara gore petroliin 41, dogalgazin
62, komiiriin ise 218 yil icinde tiikenecegi
belirtilmistir. Bu sebepten  otiirii, fosil
vakitlarin yerine yenilenebilir ya da atik
malzemeden iiretilen yakat tiirleri ve bunlarin
iretim teknolojileri biiyilk ©6nem arz
etmektedir(Yasar, 2008; Ogiit ve Oguz.
20006; Ogiit ve Oguz, 2011; Acaroglu, 2003).

Giiniimiizde benzin yakitina alternatif
yakat etanol ve dizel yakitina alternatif yakat
biyodizeldir. Biyodizel, iiretim
yvontemlerinden biri olan transesterifikasyon
ile organik vaglanin baz ve alkolle
kanstirlarak dizel yakita ¢evrilmesi sonucu
elde edilen bir iiriindiir. Biyodizel, genellikle
kolza (kanola), ay¢igek, soya, aspir gibi yagh
tohum bitkilerinden elde edilen yaglarin veya
hayvansal yaglann bir katalizér esliginde
kisa zincirli bir alkol ile (metanol veya
etanol)  reaksiyonu  somucunda  agiga
¢ikmastyla olusur. Evsel kizartma yaglar,
donmus yag ve balikk yagi gibi hayvansal
yaglar da biyodizel hammaddesi olarak
kullamlmaktadir (Tiire, S., 2001).

Biyodizel, hayvansal veya bitkisel yaglar
gibi yenilenebilir kaynaklardan elde edilen
alternatif bir dizel yakittir. Kimyasal olarak
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ise, uzun zincirli yag asidi mono alkil esteri
olarak tanimlanabilir.

Fiziksel ve  kimyasal  6zellikleri
bakimindan petrol kokenli dizel yakitlan ile
benzerlik gostermektedir. Biyodizel, dizel
motorlarinda saf olarak kullamldigr gibi
petrol kokenli dizel yakat ile de kanstinlarak
kullamlabilir. Saf  olarak  biyodizel
kullanildiginda B100 olarak
isimlendirilitken, %20 biyodizel ve %80
dizel yakit1 igeren bir karistm B20 olarak
isimlendirilmistir. Bivodizelin, dizel ile
kanisim oranlarmmin adlandinlmas: Cizelge
1’de verilmistir. (Anonim, 2012a; Anonim,
2012n).

Cizelge 1. Biyodizel ve dizel karisimlarimin
adlandirilmasi

Kodu Biyodizel (%) Dizel (%)
B5 5 95
B20 20 80
B50 50 50
B100 100 0
Diinyadaki enerji ihtiyaciin giderek

artmasi, yenilenebilir enerji kaynaklarimn
gittikge artan bir taleple desteklenmesi,
biyodizel iiretimi konusunda c¢ogu iilkede
devlet tarafindan desteklenmesine ragmen
iilkemizde biyodizel iretimi ve kullanim
konusunda cok sayida problemle
karsilasilmaktadir. Bu amagla vyapilan
calismada Tiirkiye’deki biyodizel iiretim
potansiyeli,  biyodizelin  avantaj  ve
dezavantajlan, biyodizel iirctiminde
kargilasilan sorunlar irdelenmis ve maddeler
halinde siralanmustir. Elde edilen bilgiler
sonucunda sorunlarin giderilmesi amacryla
¢oziim  onerilerinde  bulunulmus  ve
iilkemizdeki biyodizel iretiminin tesvik
edilmesi  igin  yapilmast  gerckenler
verilmigtir.

2 ONCEKI CALISMALAR

Biyodizel konulu ulusal ve uluslararasi
¢ok sayida calismalar bulunmaktadir. Ancak
calismalarin ¢ogu farkli hammaddeler ve
materyallerden biyodizel iiretimine
yoneliktir. Yapmis oldugumuz ¢alismaya
uygun tez ve makale bazhi literatiir
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calismalarinda elde edilen bilgiler asagida
verilmigtir.

Aksoy(2010) tarafindan vapilan
“Alternatif enerji kaynagi olarak biyodizel ve
iiretim prosesleri” baslikli makalede, fosil
kokenli vakitlarin dezavantajlarindan
bahsedilmis ve fosil kokenli yakitlara
alternatif olarak biyodizelin kullamlabilecegi
ifade edilmistir. Yaglarin yakit olarak
kullamlmasi icin ilk olarak viskozitelerini
dusiirecek islemlere tabi tutulmasi
gerektiginden ve bu islemi gerceklestirmede
kullanilacak biyodizel iiretim metotlarindan

bahsedilmistir. Biyodizel iiretim
metotlarindan en ¢ok tercih edilenin
transesterifikasyon  oldugu  ve  proses
sirecinde kataliz6r olarak daha diisiik
sicakliklarda ve daha kisa  siirede

gergeklesmesi sebebiyle ticari olarak en ¢ok
tercih edilen alkali NaOH, katalizorin
kullanuldigr vurgulannustir.

Ogiit ve Oguz (2006) tarafindan
hazirlanan  “Ugiincii  milenyum  yakit1
biyodizel” adli kitapta, fosil kokenli yakat
kullammindan kaynaklanan sorunlar,
venilenebilir enerjiler, dizel motorlarda yakit
olarak  kullammimn tarihsel  gelisimi,
biyodizelin diinyadaki durumu, biyodizelin
tanimi, biyodizelin iistiinliikleri, biyodizelin
sakincalari, biyodizelin teknik 6zellikleri,
bazi  yag  bitkilerinin  yetistiriciligi,
tohumlardan yag elde edilmesi, biyolojik
yaglarin yakita doniistirilme yo6ntemleri,
gliserinin aynistirma  yontemi, biyodizel
iretiminde otomosyon sistemi uygulanmasi,
biyodizel iiretim maliyeti, biyodizelin
standartlart ve teknik o6zellikleri, biyodizel
gevre ve saghk, Tirkiye'de biyodizele ait
mevzuat, Tiirkiye’de biyodizel iiretiminin
mevcut durumu gibi konulara yer verilmigtir.

Yasar ve Eren(2008), tarafindan yapilan
“Tirkiye’de tarim scktoriinde kullanilan
petrodizelin cevresel etkileri ve biyodizel
alternatifiyle  karsidastinlmasi”  baglikl
makale, Tiirkiye’de enerji alaninda yasanilan
sorunlardan bahsedilmis olup en O6nemli
enerji kaynag olan petroliin %90 1mn ithal
edilmekte oldugu ve iilkemizin toplam
enerjisinin - %70’inin  dis alim yoluyla
karsdandigr ifade edilmistir. Yasar ve Eren
(2008), Celik ve ark.(2008, 2009, 2011).

Enerji, tarim, gevre iligkisi ile biyodizelin
motorlar iizerindeki etkisine de deginen
yazarlar, biyodizelin; gevre dostu,
yenilenebilir hammaddelerden elde
edilebilen, atik bitkisel ve hayvansal
vaglardan iiretilebilen, anti-toksik etkili,
biyolojik olarak hizli ve kolay bozunabilen
ayrnisabilen yada ¢ozinebilen, kanserojenik
madde ve kiikiirt igermeyen, yiiksek
alevlenme noktast ile kolay depolanabilir,
tasinabilir ve kullamlabilir, yaglayicilik
ozelligi miikkemmel, motor ¢mriinii uzatan,
motor karakteristik degerlerinde iyilesme
saglayan, kara ve deniz tasimaciliginda
kullanmlabilen, 1sitma sistemleri  ve
jeneratérlerde kullamma uygun, stratejik
ozelliklere sahip, mevcut dizel motorlarinda
hicbir tasarnm degisikligi gercktirmeden
kullanilabilen ve ticari basartyr yakalamis
gevre dostu yakit oldugunu belirtmiglerdir.
Ayrica, Tiirkiye’de sera gazi emisyonlarimn
%13,5’1ik bir degerle tarimsal sebeplerden
otiir kaynaklandigr belirtilmistir. Tarimsal
islemlerde  petrodizel yerine biyodizel
kullaniminin gevresel acidan
degerlendirmesini yaptiktan sonra her bir
tarimsal iiriin yetistiriciligi i¢in iilke bazinda
sera gazi emisyonlart veri tabanlan
olusturulmasim 6nermiglerdir. Bu veri tabam
sayesinde sera gazi emisyonlarni tarimsal
iiretimde azaltmaya yo6nelik yeni teknolojiler
gelistirilebilecegi vurgulanmustir.

3 MATERYAL VE METOT

Bivodizel, vag bitkisi olarak adlandirilan
avcicegi, kanola(kolza), sova gibi bitkilerin
tohumlari, atik vemeklik vaglar ve hayvansal
vaglar gibi venilenebilir kayvnaklardan elde
edilen alternatif dizel vakitidir. Bivodizel, ilk
olarak Rudolf Diesel tarafindan, 1898°de
diizenlenen Paris’teki diinya fuarinda fistik
vagi ile calistirdigl dizel motorunda
kullamilmustir. Bivodizel ismi ise ilk olarak
1992 vilinda Amerika Ulusal Sovdiesel
Gelistirme Kurulusu (National Biodiesel
Board, NBB) tarafindan kullanilnustir.

Turkivede ise bivodizel ile ilgili ilk olarak
1934 wvilinda “Bitkisel Yaglarin Tarimm
Traktorlerinde Kullammi™ adi altinda
Atatirk Orman Ciftliginde bir toplanti
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diizenlenmis ve  alternatif  vakatlarin
kullanilmasi lizerine arastirmalarda
bulunulmas1 gerektigi sonucuna varilmstir.

4 ARASTIRMA VE BULGULAR

Ulkemizde biyodizel iiretimi konusunda
karsilagilan tim problemler iiretici, tiketici
ve  denetleyici  kurumlar  gdziinden
incelenmis, sorunlar tespit edilmis ve ¢ézim
Onerilerinde bulunulmustur.

Yapilan ¢alismada biyodizel iiretiminde

karsdasilan en o6nmemli altt  problem
belirtilmis ve sonrasinda balik kilgig:
diyagramiyla yasamilan tiim  sorunlara
deginilerck ¢Oziim Onerilerinde
bulunulmustur.

4.1 Hammadde Temini Sorunu

Biyodizel iiretiminde kargilasilan
sorunlarindan ilki biyodizelin hammaddesi
olarak kullanilan kanola, soya gibi bitkilerin
dretimi yada atik yaglanin toplanmasi
konusunda yasamlan problemlerdir. Uretici
halkin bu konu hakkinda yeterli bilince sahip
olmamasi, iiretimlerin yeterli  diizeyde
desteklenmemesi ve iiretim sonrasi yasanilan
pazarlama sikintilan ile diger bir hammadde
kaynagt olarak gorilen atikk vyaglarin
toplanmast konusundaki yasal bosluklar ve
kullanuct  bilingsizligi hammadde temini
konusunda yasanilan en Onemli
sorunlardandir.

Hammadde konusunda yasanilan
eksikligin haricinde diinyada ve tilkemizde
yagh tohumlarin 6énemi giderek artmaktadir.
Yenilenebilir ve temiz enerji kaynagi olan
biyodizel sektdriinden gelecek hammadde
ihtiyacina ilave olarak artan niifus yag
tikketim ihtiyaci daha arttiracaktir. Bu artan
ihtivact disa bagh olmadan kendi ig
kaynaklanmizla karsilamak igin yaglh tohum
tannmum  gelistirecek  faaliyetlerin  artarak
devam etmesi gerckmektedir. Bu baglamda
enerji tartmi yapan giftgilere tesvik primleri
verilmeli, vergi indirimleri yapilmals,
tarimsal  destek(tohum  destegi, mazot
destegi, giibre destegi vs. gibi) saglanmali,
atil durumda olan kullamlmayan araziler
enerji tariminda degerlendirilmeli, enerji
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tarimina alim garantisi verilmeli, s6zlesmeli
¢iftcilik yayginlastirilmali ve nébetlese ekim

yontemi ile araziler enerji tarimna
yonlendirmelidir.
Ulke olarak bu alandaki Ar-Ge

calismalarina kaynak ayrilmali ve Ar-Ge
calismalart  ile  biyoyakit  caligmalan
desteklenmelidir. Bu sayede ciftgilere is
imkan1 dogacak, kirsal kesimden schirlere
go¢ azalacaktir. Biyoyakit yapuminda
kullanilacak bitkisel yaglarin rekoltesinin
artmast bitkisel yag sanayi endiistrisinin de
gelismesini saglayacaktir. Ayrica, diger gida
kaynakli (bugday, arpa vs.) bitkilerinin
ekildigi alanlara zarar vermeden, biyodizel
iiretiminde aspir gibi yagh tohumlu bitkilerin
ekimi desteklenmeli ve c¢iftcilerimiz bu
konuda bilinglendirilmelidir.

Neticede iilkemiz ithalat tasarrufu
saglayacak ve disa bagummlhilig1 azalacaktir.
Aynica  biiyik  sehirlere  olan  goci
engelleyecek, gogiin  biyiik  schirlerde
varattig1 carpik kentleseme, trafik, artan sug
oranlari, egitim ve ckonomi gibi sorunlari
Onleyecektir.

4.2 Bivodizelin Tanmimlanmasi ve
Kurumsal Kimlik Eksikligi Sorunu

Bivodizel, bitkisel vaglar, hayvansal
vaglar, evsel ve endiistrivel atk vaglardan
elde edilen alternatif enerji kavnagi olmasma
ragmen iilkemizde 5015 sayil1 Petrol Kanunu
cercevesinde degerlendirilmektedir.
Bivodizel, petrol icermeven temiz ve
venilenebilir alternatif enerji kavnagl olarak
diinvada ve iilkemizde kabul g6rmesine
karsin Enerji Pivasast Diizenleme Kurulu
(EPDK)’nun bivodizeli petrol iiriinii olarak
degerlendirmesi  bivodizelin  gelisimini
olumsuz yonde etkilemektedir.

Kurumsallasmayi, kurumun kendini ifade
etme sekli olarak kisaca tammlayabiliriz.
Bivodizel su anki halivle, Malive Bakanligi,
Sanayi Bakanligi, Cevre ve Orman
Bakanlig1, Tarim ve Hayvancilik Bakanligi,
Enerji Bakanligi sorumlulugu icerisindedir.
Bircok kurumun ilgi alaninda olmasi ve

tamamiyla bir kuruma bagh olmamasi
nedeniyle  bivodizelle ilgi  sorunlarn
giderilmesi miimkiin olmamaktadir.



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Bivodizelin  bir kuruma  baglanmasi,
iulkemizin bu vonde vapacagr atilimlarin
daha hizl1 gerceklestirmesini saglayacaktir.

4.3 Biyodizel Standartlar1 Sorunu

Bivovakit  iireten iilkeler disaridan
hammadde ithal etmek verine kendi tarimsal
driinlerini  vetistirip  dretim  siirecinde
kullanmaktadir. Ulkeler 6zellikle kendi iklim
sartlarina uygun tarim tiriiniinde
uzmanlasmaktadir. Omegin AB iilkeleri
bivodizel iretiminde kolza vagim kullanmus
ve bu hammaddeye uygun standart
gelistirmistir. ABD bivoetanol iiretiminde
hammadde olarak musir uriinini, Brezilya
ise hammadde olarak scker kamusim tercih
etmistir. Asya ilkelerinden Endonezya ve
Malezya bivodizel iiretiminde palm yagim
kullanmaktadirlar.

Bivodizelin 2003 vilinda 5015 no’lu Petrol
Pivasast Kamununda harmanlanan iriinler
kisminda ver almasiyla birlikte iiretimde
kullamlacak standartla ilgili ¢alismalar
baslamustir.

13.10.2005’tc  “Otomotiv vyakitlar-Yag
asidi metil esterleri (Yame/Bivodizel)- Dizel
motorlar icin” Gerekler ve dency vontemleri
standardim kabul etmistir. Ardindan 2009 ve
2010 villarinda bu standart TSE tarafindan
revize edilmistir.

Suan 02.03.2010 tarihinde kabul edilen TS
EN 14214+A1 “Otomotiv vakitlari-Yag asidi
metil  esterleri  (Yame/Bivodizel)-Dizel
motorlar  icin”  Ogzellikler ve deney
yontemleri standard: viiriirliiktedir.

Paralel olarak 06.12.2007 de TS 13314
mumarali “Bivodizel Yag Asidi Metil
Esterleri (Yame) Uretim Tesisleri-Genel
Kurallar” adli  standardi  hazirlamms ve
virirlige  alinmistir. Bu  standartlar
olusturulurken AB’nin bivodizel iiretimi igin
olustufu standartlar baz alinmustir.

Ulkemizin tarmmsal iriin portfovii, iklim
sartlan hesaplanmadan kullanilmava
baslanan bu standartlardan dolay1 sikintilar
yasanmaktadir.

AB  iilkeleri  bivodizel iretiminde
hammadde olarak, kolza vagini
kullanmaktadir. Kolza vagr ilkemizin fazla
iiretmedigi bir hammadde olup detaylart pek

bilinmemektedir. Kolza vagmm hammadde
olarak kullamilmasi durumunda iilkemizin ilk
etapta ithalatct konuma diisecegi
goriinmektedir. Bu durum enerji ihtivacinuzi
kendimiz karsilavallm mantigiyla ters
diissmektedir. Bu amacla iilkemizin tarimsal
sartlarina uygun bitkilerin kullanilmasina

vonelik standartlarin  gelistirilmesi  daha
mantikl olacaktir.
4.4 Biyodizel Kullannnm1 Konusundaki

Toplumun Biling Yetersizligi Sorunu

Bilindigi iizere biyodizel, sera gaz1 etkisini
ve disa bagimlilifl azaltan, tanm sektdriini
canlandiran temiz ve yenilenebilir enerji
kaynagidir. Bunun yaninda biyodizel, dizel
motorlu araglarda, havayolu ve demiryolu
tastmaciliginda ve kalorifer yakiti gibi birgok
alanda kullanilabilmektedir. Diinya ¢apinda
bircok iilke bu vakiti etkin bir sekilde
kullamrken ve kullammminmin artirilmast igin
politikalar  belirleyip iilkeler biyodizel
vizyonu olustururken tilkemizde gelismemesi
ve bilinirliginin az olmas1 uygulanan yanlis
politikalarin olmasimin yamnda halkin konu
hakkinda bilgi sahibi olmamasi da
vatmaktadir. Biyodizel hakkinda birgok
akademik calisma yapilmig olmasina, bazi
meslek kuruluslann ve kooperatiflerin aktif
olmasina ve Ar-Ge calismalari yapilmasina
ragmen halkin konuya yabanci olmas iiziintii
vericidir. Bu baglamda halkmm biyodizel
hususunda  bilinglenmesi adina  baz1
faaliyetlere girisilmesi gerekmektedir.

Oncelikli olarak bu konuda ortadgretim ve
liselerde dersler konulmali, kitlesel iletisim
araglarindan radyo, televizyon, dergi, gazete,
internet kullamlmalidir. Hatta kamu spotu
adinda kisa filmler hazirlanmali, ulusal ve
yerel televizyon kanallarinda
yayimlanmalidir.

4.5 Biyodizel Maliyetindeki OTV Sorunu

Ozel Tiiketim Vergisi (OTV), belirli mal
veva triinler iizerinden maktu veya oransal
olarak alinan bir harcama vergisidir. Ilk
olarak Avrupa Birligi ile uyum cercevesinde
vapilan kanun degisikliklerivle giindeme
gelmis ve yine aym amagla 2002 yilinda
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4760 savili kanun ile kabul edilmistir.

Avrupa Birligi'nde bu verginin

uygulanmasindaki amag, gelir elde etmekten

zivade sosyal fayda saglamaktir. Bu nedende

OTV, liks (miicevher, kiirk vb.), sagliga

zararh (alkol, sigara vb.), cevreye zararl

(benzin vb.) mallara uygulanr. OTV, KDV

oibi avm1 malin her el degistirmesinde tekrar

alinmaz. Malin ithal edilmesi veva iiretilen
malin ilk alicisina teslimi esnasinda OTV bir
kez olmak iizere tahsis edilir.

_ Motorlu tasitlarda ise, nihai tiiketicinin

OTV o6demesi gerekir. Vergin miikellefi olan

ithalatcilar belirtilen duruma gore ilk saticilar

olmaktadir. Bu viizden, kanuna ¢k 4 ayn
tarifede yer alan iiriinlerin vergilendirilmesi
esastir (Anonim, 2012g).

1. Savih tarife, akaryakit ve yag tiirevlerini
vergiler, eski Akaryakit Tiiketim Vergisi
yerine

2. Savil tarife, tasitlan vergiler, eski Tasit
Alim Vergisi verine

3. Savyili tarife, titin ve alkol tiirevlerini
vergiler, eski Ek KDV verine

4. Savih tarife, bevaz ve kahverengi esyalar
ve tiirevlerini vergiler, eski Liiks KDV
verine gelmistir (Anonim, 2012g).
Yapilan arastirmalar sonrasi, OTV’nin

bivodizelin iilke genelinde vavginlasmasinin

oniindeki engellerden biri  oldugu
gOrilmiistiir. Normal sartlarda OTV’nin
sosval amag giitmesi gerektigi

disuniildiigiinde, sera etkisi yaratmavyan, disa
bagimhilign azaltacak, istihdamm artiracak,
tarimsal iretimi artiracak, biiyiiksehirlere
gociin azalmasini saglavacak bivodizelden
OTV’nin almmamasi en dogru karar
olacaktir. Bivodizelin Dbelirtilen pozitif
etkileri diisiiniildiigiinde Malive Bakanliginin
OTV’den gelecek vergi gelirlerinden feragat
etmesi gerekirr EPDK’min da OTV’nin
bivodizel kullammminda muaf tutulmasim
haksiz rekabet olarak gérmemesi
gerckmektedir.

Bivodizel ilk olarak 30.12.2003 tarihli
5015 sayili Petrol Pivasast Kanununda ver
almistir. Kanunun 7.maddesinde bivodizel
akaryakitla harmanlanan {iriinler arasinda yer
almistir.  Ayrica kanunun 9.maddesinde
akarvakitla harmanlanan uriinlerin akaryakat
ile esdeger vergiye tabi oldugu belirtilmis ve

2170

verli tarim iriinlerinden elde edilen ve
akarvakitla harmanlanan {iriinlerin bunun
disinda oldugu ifade edilmistir.

Daha sonra 08.04.2006 tarihinde 5479
Gelir Vergisi Kanunu, Amme Alacaklarimin
Tahsil Usulii Hakkinda Kanun, Ozel Tiiketim
Vergisi Kanunu ve Vergi Usul Kanununda
Degisiklik Yapilmas:1 Hakkindaki Kanunun
16. maddesinde litre basina 0,6498 TL OTV
uygulamasi getirilmistir. Ancak 08.12.2006
tarihinde bakanlar kurulu karar ile 4760
Sayili Ozel Tiiketim Vergisi Kanununun
2 .maddesinde Tirkiye’de iretilen tarim
iiriinlerinden elde edilen biyodizelin %2’lik
kismina OTV muafiyeti getirilmistir. Yalmz
attk kizartma yaglarindan elde edilen
biyodizel bu OTV muafiyetinin disinda
birakilmgtir.

_ Daha sonraki yillarda biyodizel iizerinden
OTV alim artarak devam etmistir.

02.11.2007 tarihli bakanlar kurulu
karariyla, Atikk yaglardan ve hammadde
olarak yerli tarim iiriinleri kullamlmayarak
elde edilen biyodizelden 0,72 TL OTV,

15.07.2009 tarihindeki bakanlar kurulu
karar ile 0,8 TL OTV,

31.12.2009 tarihindeki bakanlar kurulu
karar ile 0,91 TL OTV,

20.09.2012 tarihindeki bakanlar kurulu
karart ile 1,1209 TL OTV alim uygulanmasi
getirilmistir.

Yillara gore dis ticaret rakamlan
incelendiginde, dis ticaret hacminde ithalatin
payinun siirekli artigin1 gérmekteyiz.

2000 yilinda iilkemizin tiim ithalat
mallarinda yapmis oldugu ithalat gideri 54
milyar dolar diizeyindeyken,

2011 yili itibariyle bu rakam 240 milyar
dolar diizeyine ulasmistir (Anonim, 2012h,).

Diger taraftan yillara gore ham petrol
ithalat rakamlar incelendiginde, 2002 — 2011
yillant arasinda ortalama 21 milyon ton
civarinda petrol ithalati gergeklestirilmistir.
Ham petroliin varil fiyatim ortalama 120
dolar dusiindiigiimiizde, yillik ortalama 20
milyar dolar civarinda ham petrol ithalati
gerceklestirildigi gorillmektedir.

Yillara gore kok komiirii ve rafine edilmis
petrol  driinleri  dig  ticaret  hacmi
incelendiginde, 2011 yilinda yaklasik 18
milyar dolar civarinda ithalat
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gerceklestirildigi  goriilmektedir.  Tiirkiye
toplamda 40 milyar dolara yakin petrol ve
petrol iiriinleri ithal etmektedir. Ayrica petrol
ve petrol tiriinleri tilkketiminin yillar itibariyle
artmast1 sera  ctkisi yaratacak cksoz
emisyonlarmmin  artmasma neden oldugu
bilinmektedir.

Ulkemizdeki, enerji, endiistriyel islemler,
tarimsal faaliyetler gibi kaynaklarin neden
oldugu sera gazi emisyonlar incelendiginde,

1990 yilinda toplamda 187 milyon ton
CO,esdeger iken,

2010 yilinda 401 milyon ton CO, esdeger
olmustur (Anonim, 2012 1).

_ Bu baglamda biyodizele uygulanan
OTV’nin azaltilmast ya da tamamen
kaldirlmast ile dis ticaret agigimiz

dolayisiyla disa bagimlilikk ve kiiresel
isinmaya neden olan sera etkisi 6nemli
Olciide azalacaktir.

4.6 Biyodizel Dagitim ve Lojistik Sorunu

Lojistik, biyoyakit maliyetini etkileyen en
onemli faktdrlerden biridir ve nihai {iriiniin
satig istasyonuna nakli, depolanmasi ve bu
igslevlerin organizasyon ve planlamasim
kapsamaktadr.

Bu faaliyetlerin yerine getirilmesi icin
devletin firmalarnn vergi indirimi, sigorta
priminin karsilanmasi, KDV iadesi, KDV
istisnasi, arazi tahsisi, lojistik yatirnmeilarina
diisiik faizle fon saglanmasi gibi tesviklerle
desteklemelidir. Bu  yapilan  destekler
neticesinde  biyoyakit {iretim  maliyetleri
diisecek, dolayl olarak da lojistik sektoriinde
canlanma olacaktir.

4.7 Biyodizel ile ilgili Son Gelismeler

EPDK, 2013 yilindan itibaren benzin ve
motorinde her yil kademeli arttinlmak tizere
yerli katki ilave zorunlulugu getirmistir.
Piyasaya akaryakit olarak arz edilen motorin
tirlerine, yerli tanm {irtinlerinden iiretilmis
vag asidi metil esteri (Yame) igeriginin
(biyodizel);

1 Ocak 2014 tarihi itibariyle en az yiizde 1,
1 Ocak 2015 tarihi itibariyle en az yiizde 2,

1 Ocak 2016 tarihi itibariyle en az yiizde 3
olmas1 gerekmektedir.

EPDK’nin bu karan akaryakita tarimsal
iriin katkisini zorunlu hale getirirken, bu

karar bir anlamda yerli biyoyakitlarin
iretiminin tesviki anlamina da gelmektedir.
Tiirkiye’de 2011  yilinda,  motorinin

yogunlugu ortalama 0,845 gr/cm’ olarak
alindiginda yaklagik 14,7 milyon ton ya da
17.4 milyon m’ motorin tikketimi yapilmistir.
Motorine % 3 liik harmanlama yapilmasinin
zorunlu hale getirilmesi durumunda ise 522
bin metre’ ya da 441 bin ton biyodizele
ihtiya¢ duyulmaktadir.

EPDK’min  yerli katki konusundaki
olumlu  yaklasimum, sorunlar  olarak
belirttigimiz diger hususlar konusunda da
desteklemesi  gerckmektedir. Bu durum,
iilkemizin en 6nemli ithalat kalemlerinden
olan enerji ithalatim azaltacagi gibi kendi
kendine yetebilen bir devlet olma yolunda
hizli adimlarla ilerlememize de biiyiikk bir
katki saglayacaktir.

5 BALIK KILCIGI DiYAGRAMI iLE
SORUNLARIN _
DEGERLENDIRILMESi

Balik Kil¢igr Diyagrami, bir sonug ve
buna neden olabilecek degisik etmenler
arasindaki iligskinin grafik agiklamasidir.
Balik Kilgigi Diyagramu olusturulurken
izlenen islem adimlan
e Arastinlacak sorun kutu igine alinarak

okla gosterilir.
¢ Bu soruna sebep olabilecek ana nedenler

birer kutu igine alinarak bu oka baglanir

Her ana nedenin alt nedenleri isaretlenir.

Belirlenen bu  nedenler  verilerle

dogrulamr. Onemli neden ve alt nedenlere

agirlik verilerek ¢oziimler aranir.

Bu calismada Balik Kilgig1 Diyagrami
kullamilarak Tiirkiye’de biyodizel sektorii
degerlendirilmistir. Kullanilan analiz
yontemi ile Tirkiye’de biyodizel iiretiminde
karsilasilan sorunlarin asil ve alt nedenleri
belirtilerek tammlamaya c¢alisilmustir (Sekil

1).
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Tiirkiye’de Biyodizel
iiretiminde karsilasilan
sorunlar

AB kalite -
standardi OTvV
Hammadde
Atik bitkisel -
URETIM ve hayvansal VERGI
yaglarin KDV
toplanmasi
Petrol Kanunu Arazi tahsisi
NOx Emisyonu
Halkin Bilinglenmesi
SSK Primi
TUKETIM OTV Vergi DESTEK VE
Muafiyeti TESVIKLER
Sekil 1. Balikk kilgig1 diyagramu ile biyodizel iiretiminde karsilasilan sorunlarin
degerlendirilmesi
yillarda, enerji portfoyiini genisletmek ve
6 SONUCLAR gelecekte karsilasilacak, enerjiden

Enerji arz ve giivenligi iilkelerin birinci
Oncelikleri  arasindadir.  Ciinkii  tilke
ekonomilerinin giicii sanayisine, sanayisinin
giicti de enerji temininin siirekli ve gilivenilir
olmasina baghdir. Bu baglamda iilkeler son

2172

kaynaklanacak riskleri minimize etmek adima
alternatif enerji kaynaklarina yonelmiglerdir.
Bu amagla, Biyodizelin yayginlagmasi
Onemli olglide tarim potansiyeline sahip
iilkemizde garpan etkisi yaratacaktir. Tarim
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sektoriinde istihdam olusturulmasinin disinda
kirsal ~ kesimden  biiyiiksehirlere  gogii
Onleyecektir. Uretim tarafi igin kurulacak
tesisler onemli 6l¢iide istihdam yaratacakir.

Uretim sonucu elde edilen gliserin ve
kiispenin {iretimi artacagr icin bu yan
iirinleri kullanan scktérlerde(kozmetik ve
yem sanayi) maliyet yoniinden rahatlama
saglayacaktir. Bu baglamda biyodizel
hususunda siirekli ve kalict politikalar
olusturulmali ve hedefler belirlenmelidir.

Biyodizelin yayginlasmasiyla sera gazi ile
miicadelede diinya ile harcket edilecek ve
gevreye duyarli bir toplum olusturulacaktir.
Diger taraftan kendi enerji sorunlarim
asmanin disinda biyodizel yakitimi ihrag eden
iilke pozisyonuna girilecektir.
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Maden Aramalarinda Kullanilan Jeofiziksel Yontemler
Geophysical Methods Used in Mines Exploration

O. Bilgin

Strnak Universitesi, Maden Miihendisligi Boliimii, Erzurum
A. Sakcali

Atatiirk Universitesi,Maden Miihendisligi Béliimii, Erzurum
C. Ozer

Atatiirk Universitesi,]eoﬁzik Miihendisligi Boliimii, Erzurum

OZET Maden aramalarinda kullamlan jeofiziksel yontemler uygun jeolojik sartlarda yer
altindaki maden yatagimin tespitinde basarili sonuglar vermektedir. Jeofiziksel aramalar
matematiksel ve fiziksel bagintilar kullanarak yeraltindaki olasi degisimleri modellemeyi
amaglamaktadir. En uygun jeofizik yonteminin se¢iminde, cevher yatagi ve yan kayag
arasinda fiziksel ozelliklerin farkhiligindan kaynaklanan iliski kulamlacak yontemi
belirlemede o6nemli bir etkendir. Veri toplama elektronik aygitlarin kullamm ile
gergeklestirilmektedir. Sayisal veriler cesitli jeofizik cihazlanyla O6lgiilmektedir. Maden
aramalarinda yeraltindaki jeolojik degisimden kaynaklanan farkliliklar: sayisal olarak 6lgen
elektrik, gravite ve elektromanyetik gibi birgok jeofiziksel yontem vardir. Bu ¢alismada,
maden aramalarinda kullamilan bazi jeofiziksel yontemlerin temel prensipleri agiklanarak,
yapilmis ¢alismalara 6rnekler verilmektedir.

Anahtar Kelimeler: Mineral exploration, Geophysical methods

ABSTRACT Geophysical methods used in mineral exploration give satisfactory results in the
determination of underground mineral deposit. Geophysical surveys aim that modeling
possible changes in subsurface by using mathematical and physical correlations. The
relationship arising from differences in phsical characteristics between the ore bed and wall
rock is an important factor in determining method to be used on selection of the most suitable
geophysical methods. Data collection is carried out by the use of electronic devices. Digital
data are measured by a variety of geophysical devices. There are many geophysical methods
such as gravity, electricity and eclectromagnetic which measure differences arising from
underground geological variety. In this study, some of basic principles of geophysical
methods used in mineral exploration are explained and examples are given to studies which
are made.

Keywords: Maden arama, Jeofiziksel yontemler

1 GIRIS yontemin  birbirlerinden  farkli  temel

prensiplere dayanmasi ve bu temel prensipler
Maden aramalannda  olast  rezervlerin  cergevesinde 6lgiimleri gergeklestirmesidir.
yaythmim  tespit etmek icin jeofizk Ormek  olarak  gravite  yonteminde
cahigmalar yaygin olarak kullanilmaktadir.  yogunluktan kaynaklanan yergekim ivmesi
Hangi  cevherlesmede  hagi  yOntemin  hesaplanmaktadir. Benzer olarak dogal
kullamlacagr arama cahigmalarmda ¢ok  potansiyel yonteminde yeraltinda olusan
onemlidir. Bunun sebebi her jeofizik  dogal gerilim 6lgiilmektedir. Bu sebeple
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kullanilacak jeofizik yontemi belirlemede,
aranacak madenin o6zellikleri ve jeolojik
vapisit ¢ok oOnemlidir. Maden aramalarinda
kullannlan  bashca  jeofizik  yontemler
probleme goére degismekle birlikte dogal
potansiyel yontemi, elektromanyetik-vif,
gravite yontemi, manyetik yontem, rezistivite
yontemi olarak siralanabilir. Probleme gore
diger jeofizik yontemlerden de
faydalanilmaktadir. Bu calisma kapsaminda
bu yontemlerin ¢alisma prensipleri hakkinda
kisa  bilgiler verilmis ve  yapilmis
¢alismalarla orneklendirilmis maden
arastirmalarinda jeofizigin yeri hakkinda
bilgilendirme yapilmaktadir.

2 MADEN ARAMALARINDA YAYGIN
KULLANILAN YONTEMLER

2.1 Gravite Yontemi

Gravite yontemin temel prensibi; yerkiire
gravite ivmesi degisimlerinin  Slgiilip
yorumlanmasina dayanmaktadir. Bu
yontemle clde ettigimiz sonuglarin temel
sebebi yeraltindaki yogunluk degisiminden
kaynaklanmaktadir. Bu yontemde net bir
sonuca ulasmak icin yeraltinda belirgin bir
yogunluk fark: olmalidur. Gravite
yonteminde 6lgtimler, gravimetre adi verilen
cihazlar  yarduimi  ile  yapimaktadir.
Gravimetre, yerkabugu igerisinde bulunan
yogunlugu gevresine gore az veya yiiksek bir
kitle o bolgenin  yergekimi  Slgiim
degisimleri prensibine dayamilarak, yergekim
ivmesi farkliliklarinmin saptanmasiyla olas1 bir
kutleyi tespit etmeyi amaglayan jeofiziksel
bir cihazdir.

Gravite yonteminin amaglar; askeri
amagh giidimli fiizelerin gonderimi igin
yergekimi ivmesinin hesaplanmast,
yeraltindaki jeolojik durumun belirlenmesi,
yerkiirenin gravitasyon alanindaki
farkliliklarimin belirlenmesi, maden
arastirmalar1 ~ olarak  siralanabilmektedir.
Gravite (yer ¢ekim kuvveti) formulii:

m .
g:G7 2

Burada g yer ¢ekimi ivmesi, r uzaklik,m
kiutle, G ise sabit degerdir. Gravite
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vektoriiniin - koordinat eksenleri
bilesenleri:
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Formill;, r*=@x-x)Y+(-y) +(z-2")°
olarak verilmektedir. Gravite yonteminde g,
bileseni  olgiilmektedir ve g  olarak
gosterilmektedir.  Maden  aramalarinda
gravite yonteminin §nemini anlatan dnemli
bir calisma Sekil 1'de sunulmustur. Bu
calismada Leca (1990) tarafindan siilfit
vataklarinda  Portekiz  Neves  Corvo
bolgesinde pirit kusag iizerinde
uygulannustir.  Arti(+) ile  simgelenen
bolgeler yiksek yogunluklu  bolgeleri
gostermektedir.

- "M L oS NND 500 1000m

)
Vel
Za[nbuia\

Sekil 1. Omek bir gravite ¢alismas1 (Leca,
1990)

2.2 Manyetik Yontem

Miknatislanma  6zelligi  olan  kayaglar
yeraltindaki  yapry1  yansitacak  jeofizik
anomaliler vermektedir. Manyetik ydntemi
uygulayabilmek ic¢in aranan cismin yan
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kavyaclardan farkli bir manyetik
siiseptibiliteye sahip olmasi gerekmektedir.
Manyetik  6lciimler manyetometre  ile
Olciilmektedir. Bu yontem; miknatishik
ozelligi gosteren kayag ve minerallerin
aranmasinda, sedimanter kayaclarin
belirlenmesinde, petrol yataklarimin
aranmasinda, arkeolojik alanlarda genis
kullamm alam bulmaktadir (Avdin, 2003).
Manyetik yontemde, stiseptibilite 6nemli bir
kavramdir. Laboratuarda yapilmis bazi kayag
ve minerallerin manyetik siiseptibilitesi
Tablo 1’de sunulmustur. Siiseptibiliteye;
kayacin  igerisinde  bulunan  manyetit
miktariyla dogrudan orantilidir.

Tablo 1. Baz1 kayac ve minerallerin
manyetik  siiseptibilitesi  (SI  doniisiimi
vapilmistir.) (Telford et al., 1976)

Kayac ve Ortalama

mineraller

Kiregtast 300

Kumtasi 400

Sist 1500

Pirit 1600

Gnays 4000

Hematit 7000

Kromit(manyetitli) | 7500

Andesit 170 000

IImenit 1875 000

Manyetit 6250 000

Sekil 2°de yer manyetik alaminin elamanlar
gosterilmistir.

Gergek
Kuzey

Manyetik

___— Kuzey

Sekil 2. Yer manyetik alanimin elemanlar

X = H x SinD

Y = H x CosD

Z = H x Tanl

Z =T x Sinl
H=+y)"? = TCosl

12 _ 12

T =2 +y+2%) (H* + 25" = Heosl

Tanl = z/H = z/ (X erz)l/2

TanD = x/y

D sapma agis1 ve I meyil agilann 0 ile 90
derece arasinda  degismektedir. Diisey
bilessen (z) = 0-0.7 gauss arasinda
degismektedir. Yatay bilesen (H) = 0-0.4
gauss arasmdadir.

Gunn 1997°de yaptigr calismada Kuzey
Avusturalya’min Tennant Creek bélgesinde
Bakir-Altin ~ yataklann  iizerinde  ¢gesitli
manyetik ¢alismalarda bulunmugstur. Sekil
3’de Gurubang boélgesindeki Manyetik harita
verilmistir. Buradaki Manyetik anomali

varatan sebep Masif Pirotinin varligidir.
Boélgenin dogusundaki alterasyon siirecinden
manyetik

dolay1 etkiyi  Ortebilecegi

Lfi—/.’\v,
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saptannugtir.

Sekil 3. Gurubang Bélgesinde yapilmis
ornek bir manyetik 6lgiim ¢alismasi (Gunn,
1997)
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Sekil 4’ de Rouez Bolgesinde yapilmis 6rnek
bir manyetik Olciim caligmasi

gosterilmektedir. Burada manyetik 6lgiimler
alinnus ve Eirotin varligi sebebiyle manyetik
elirlenmistir.

anomaliler

Sekil 4. Rouez Bolgesinde yapilnus 6rnek bir
manyetik §l¢iim ¢alismasi (Gunn, 1997)

2.3 Dogal Potansiyel Yontemi

Dogal potansiyel yontemi yapay akim
kullamilmadan uygulanan tek yontemdir.
Yeraltindaki dogal elektrik akiminin dogal
alamm  6lgmektedir. Dogal potansiyel
yontemi, jeofizigin en eski yontemlerinden
biri olup, bircok jeolojik problem ¢oziimiinde
etkin olarak kullamlmaktadir. Yontemin ilk
uygulanma alam  silfiirli  cevherlerin
aramasidir. Dogal potansiyel yonteminin
uygulama alanlar su sekilde siralanmaktadir;

Fay ve kirik hatlarmin belirlenmesi,
Jeotermal kaynaklarin aragtiriimast,
Hidrojeoloji ¢alismalari,

Yer alt1 bosluklarinin saptanmasi,
Metalik maden yataklarimn aranmast,
Depremlerin 6nceden belirlenmesi,
Miihendislik galigmalari,

Cevre jeofizigi caligmalari,

Baraj ve s1zint1 denetimi galigmalari,
Arkeolojik galigmalar.

Sekil 5° de 6mek bir cevher iizerinde dogal
potansiyel galigmasi Olgiimleri
sunulmaktadir. Burada gnayslardan
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pegmatitli zona gecildiginde yaklasik 50 mv’
a yakin bir degisim gézlenmistir.

gmatit 4”}1 Gnays

Sekil 5. Ornek bir cevher iizerinde dogal
potansiyel ¢aligmasi (Semanov, 1980)

2.4 EM-VLF Yintemi

EM-VLF vyontemi (gok algak frekans
elektromanyetik yontem) bagil olarak yerin
s1ig kesimlerinin  arastirllmast  amaciyla
kullanlan bir jeofizik yontemdir. Bu
yontemde, kaynak verici olarak diinyanmin
gesitli yerlerinde denizasirt haberlesmeler
icin yapilan 15-30 kHz frekans araliginda
vaym yapan c¢ok giiclii askeri radyo
istasyonlarimin ~ yaydigr  elektromanyetik
alanlar kullamlmaktadir (Timur, 2009). EM
- VLF vericileri, sabit duran ortalama 50-150
m boyunda ve 100-1000 kW giiciinde dikey
antenlerdir (Oziirlan vd., 2005). EM - VLF
yontemi, kaynak  vericiden  yayilan
elektromanyetik dalgalarin varattig1
indiiksiyon sonucu arastirma yapilan oSlcii
noktalar civarindaki siireksizlik veya iletken
bolgelerde olusan ikincil alan bilesenlerinin
(gergel bilesen, sanal bilesen, egim agis1 ve
toplam alan) Olciilmesi ilkesine
dayanmaktadir. Bu yontemde In-Phase, Out
of Phase, Tilt ve total field degerleri
Olgiilmektedir. EM-VLF yontemi  bircok
mithendislik problemlerin ¢6ziimiinde yagin
olarak kullamilmaktadir. Em-VIf uygulamada
oldukga hizli, kolay ve ucuz bir yontem
oldugu i¢in birgok arastirmada yerini almmgtir
Sekil 6°da Birincil alan Hp ve ikincil alan Hs
bilesenlerinden olusan toplam alan Ht ve
alanlar arasindaki faz kaymasim gosteren
vektor ¢izimi sunulmaktadir.
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Sekil 6. Birincil alan Hp ve ikincil alan Hs
bilesenlerinden olusan toplam alan Ht ve
alanlar arasindaki faz kaymasmm gosteren
vektor ¢izimi (Telford et al., 1976)

Genel olarak vatay vyondeki iletkenlik
degisimlerinin saptanmasi amacryla
kullanlan EM - VLF yontemi, kirk ve
catlaklar ile kesme bolgeleri icerisinde
biriken yeralti suyu arastirmalarinda
(Palacky et al.,, 1981), karstik bosluklarin
aranmasimnda  (McNeill, 1990), jeolojik
haritalamalarda (Guerin et al., 1995), yeralt1
suyu kirliligi arastirmalarinda (McNeill et
al., 1991) jeolojik caligmalarda (Benson ct
al., 1997; Tezkan, 1999 ; Karlik vd. 2000;
Telford vd. 1976), arkeolojik prospeksiyon
(Drahor vd., 2006) alanlarinda da
kullamlmastir. Sekil 7°de  elektromanyetik
bir dalgamn yayilinu gosterilmektedir.

ELEKTRIK ALAN

MANYETIK
ALAN

5
<

o ey

| vavima
| DOGRULTUSU|

Sekil 7. Bir Elektromanyetik dalgada
manyetik alan hem elektrik alana hem de
%%b ;na dogrultusuna diktir (Bueche et al.,

Gergel bilesen birincil alanla aym fazda
oldugundan in-phase ile, sanal bilesen farkl
fazda oldugu icin out-of-phase veya
quadrature  isimleriyle adlandirilmaktadir.
Ayrica dalganin egim agist (wave-tilt) ve

elektrik alan bilesenleri yardimiyla 6zdireng
degerleri 6lgiilmektedir. Problemi ¢ézmek
icin alman EM - VLF yonteminde
birbirinden farkli frekansta 6lgiim yapilmasi
avantaj saglamaktadir.

Sekil 8'de Ornek bir Em-VIf calismas
verilmektedir. Burada 1 no’lu simge gercel
bileseni, 2 no’lu simge sanal bileseni 3 no’lu
simge ise maden damarlarnim gostermektedir
(Antoniuk,1980). Bu c¢alismada; olasi
cevherlesmenin  oldugu kisumlarda gozle
goriiliir bir anomali degisimi saptanmustir.

Sekil 8. Ornek bir

Em-VIf c¢alismasi
(Antoniuk, 1980)

2.5 Ozdireng Yontemi

Jeofizikte  Ozdireng yOnteminin  temel
prensibi akim elektrotlan sayesinde yaratilan
akimdan kaynaklanan potansiyeli potansiyel
elektrotlar  ile  algillanmasiyla  yeralti
katmanlarimin =~ derinlik  ve Ozdireng
degerlerinin hesaplanmasi prensibine
dayanmaktadir. Elektrik alam uygulanan
elektrotlara akim elektrotlar adh
verilmektedir. Akim elektrotlann arasindaki
mesafe arttirlldiginda  incelenen  derinlik
artmaktadir, fakat ¢oziiniirlik azalmaktadir.
Bu yontemde; clektrik ve potansiyel
elektrotlarnin bir gok farkli dizilim tiirleri
varde. Bu  dizilimler 6rnek  olarak
schulumberger, wenner, dipol gibi g¢esitli
isimler ile ifade edilmektedir. Sekil 9°da
ozdireng ¢alismalarim tanitan elektrot dizilim
semas1 verilmistir. Burada A ve B akim
elektrotlarimi, M ve N potansiyel elektrotlari
ifade etmektedir.
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Sekil 9’a gore; ozdireng degeri asagidaki
formiile gore hesaplanmaktadir:

N e BEE AN, AL
MN=Vy-Vy= —(=-2)- G -2)

2mMN 1 1 1. af
o) ="

I: akim
1: uzaklik
MN: potansiyel fark
1: uzaklik
L |
o I
@ |
A M N B
| ’ - R
- 5 »
Sekil 9. Ozdireng calismalarim tamtan

elektrot dizilim semasi

Sekil 10°da Yeni Kaledonya’min Kuzeyinde
vapilan bu calisma sonucunda olusturulan
ERT kesiti sunulmustur.

Ornek bir
Savin, 2003)

ekil 10, Ozdireng galigmasi

3 SONUCLAR
Bu calisma  kapsaminda;  Diinya’da
uygulanmig bazi maden arastirmalarinda
kullaulan jeofizik yoOntemlerinin temel
prensipleri hakkinda bilgiler verilmis ve
diinyadaki ¢esitli ¢alismalardan 6rnekler
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sunulmaktadir. Bu kapsamda; maden
arastirmalarinda  6n  etiidlerde  jeofizik
biliminin 6nemi biiyiiktiir. Madenlerin yeri,
dagilim ve rezervi gibi bilgiler jeofizik
etiidler sayesinde, ekonomik ve izl sekilde
saptanmaktadir. Sondaj ¢alismalarindan énce
jeolojik yap1 tizerindeki jeofizik olgiimler
zaman ve ckonomik anlamda ¢ok ¢nemlidir.
Maden arastirmalarinda; jeolojik-jeofiziksel
Ol¢iimler, arastirmanin planlanmasinda dogru
sonuglar vereceginden jeofizik ¢aligmalarina
oncelik verilmelidir.
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