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1.1 Medeni Kanunda Madenlerin Konumu 

  
mal  

 
 

 
(K.)  

  
  

kamu 

 
“ ” 

 (
 

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

 
bul Teknik Üniversitesi, Maden Fakültesi,   



1960

 (Düren, 1975) ve daha birçok 
 isimlerle isimlendirilebilse de, 

” tabirinin 

 

ve 

 (Yayla, 
1994)  

kamu 

ukuk sistemlerinde 
    

Türk Medeni Kanun’un kay
Medeni Kanunu, kamu 

edeni Kanun hükümlerine tabi 

edeni Kanunu ve Kanton 
kamu  

 
Medeni Kanunu 

kamu  aç
 ki: 

 

 Türk Medeni 
Kanunu madde 641’de  
664) 

kamu  

  y Türk 
d

 - kamu 
 

 , 

k  
 (Düren, 

1975)  Nitekim 

 

 
, bu çerçevede dar anlamda ya da 

 
içerisinde, orta  -  -

 
 Derdiman, 

   
 mallar  

ekilde 
 

“ 
kamu olarak 

     
Medeni Kanun’da konuyla 

  
ka   mülkiyet 

tabi bulundurmak k
   

d

 

 Yine, 
, 

  
 

, 
mülkiy

 Nitekim Medeni Kanun’

 

mülkiye  Türk Medeni 
Kanun’un kaynak ülkesi 

u 
mülkiyetin  ( )  ya da 
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2 
  

2.1  
17.02.1926 tarihinde kabul edilen 743 sa.  
eski Türk Medeni Kanunu ile, Türkiye’de 
Medeni Kanun an den hukuku ve 

 632, 
641, 743, ve 911 

(Onar, 1967). Böylece bu 
n denilebilir ki 

Medeni Kanun  
 1- Madenler 

(MK. 
644, 743), 2- 

içerisindedir (MK. 641), 3- Madenler 
(MK.  632, 911).  

2.1.1 Madenlerin arazinin bütünleyici 
 

 
 

bulun
 

 
edeni Kanun 

arazinin 
bütünleyici  

  
O halde denebilir ki, konu ancak, arazi 

edeni K. 

üzerinde bir  
olabilirdi b). Bu noktada hangi 

  
 tespitinde 

 

na karar verilir (
).  

MK.  743’te, her ne kadar 
  

ise de , 

kanunlarda buna uygun düze
bu 

, 
 kabul 

Kanun’un 

 
  

2.1.2 Madenlerin 
 

 Türk MK. 
641’de  üzere  

 (Gülan, 1999). 
Söz konusu MK. 641  “Sahipsiz 

n mallar 

 
 Öncelikle,  sözü edilen bu 

“ , özel 



1964

ki “sahibi 
”  . Kamu 

 sahipsiz mal olarak kabul 

olan dan (res nullius) 

 ’
 söz konusu  

“ ” 
 Beli ahipsiz 

 
  Söz konusu MK. m kas

“  ” ise 
Kanunun ne  635. m
m esin  
635. m “sahipsiz 

”

m
“s ” 

. 

“
(mallar ; MK. 

“ ” en 
 ve özel hukuk 

olmayan 
b   

Ancak 

sonra kaz
. Bu 

bir kamu  
 

e sahip olun
  
Duran   

 yani 
 

 ve 
  

kamusal mal 
(D  

birbirine 
  r 

. 
. 

ere M ’

 “ ler ” 
ol  

A ca  madenlerin 
MK. m.  

 
 b . 

 Ancak
 

  söz konusu 
 

“ ” örnekleri olarak 
Anayasa ve Kanun 

 Böylece bu 

 
rolleri  olarak 

 
b

  
 

   
ile  

m   
madenlerin sahipsiz 

ol
b;  
   

  
 ;   



1965

23rd International Mining Congress & Exhibition of Turkey • 16-19 April 2013 ANTALYA

 Top  Tabi 
  kav

 

 
  

   
” 

 petrolün ” 
 -   

 
” 

  
 -  

  
 petrolün  

A  
de

”   

K ’   

 

’
 

    
 

” 
  M ve 

 

  
 

 
    

  

 
ebebi 

M  K
 b  

 K   

 
b 

  

  

b    

  
 ’

MK
  

e  

 

 
 

  

 

 

 

 
 

H

 
  

ki 
 -

 
  

 

 
i

 



1966

göre günümüzde i
üzerinde, 

, idari mülkiyet h  
 Gülan, kolluk 

yetkisinin mali amaçla
ilkesi 

yönetilmesinin  
yetkisinin telaffuz edilmesi gerekti
z
Gülan, Onar  eserindeki söz konusu 

  
 (Gülan, 1999)  Nitekim  

da eserinde; Onar “mülkiyetin özel hukuk 

 

 ifadesini  taraftar 

vlet lehine 

 tezinde 
aktar , Onar, 

 
Düren ise i

 

ni 
 yer 

mülkiyet 
  
  

 Ancak 

 

t

a devletin 
fikrindeydi Burada Gülan, 
Düren’in unda, ifadedeki devletin 

; kümlerle 
 k 

söz kalkarak 

 
    

Nitekim Y
olursak,  da, 

“bunlar ahkam- mahsusa 
de

 
a 

 
  

 (   , 
Karar  devletin 

kanaatindedir (YH -  
 

(AYM) de  
 

kanaatini 
  

Nitekim Türk Medeni Kanun’un k

  
nda, menfaati umuma 

ifadesiyle 
 

mayarak ve devletin 

, 
“  

 
l  

davada ise söz  
ifade 

 
de   gerekse de 

   olarak 
ve 

 Devlet mülkiyeti 

 içeren 
da k  , 
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 . 
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maden rejimini 
M ’  

 
1- 

 
 , 

i , M
’  

  
2- 

M ’  
  

K
maden rejimi, M ’  

 
  

 
    

, 
’

ile 
i  

; 
i ’

  
  

S  m
 

 
 Devletin hüküm ve 

 
d   

 arazinin 
bütünleyici  

 

 
 

s  

M  
“ ” 

  

  madenlerin 
e,  

“ ” 
 

  
  

madenlerle ilgili haklar 
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 devlet 
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(Türk, 1979). 

 ve 

    
 Türk M

  
 
arazinin 

a sahipsiz 
 

 . Ancak, 
arazinin  olarak 

 MK. 
.  ile  

kir. 

leyici par
 K.

 göre d

 
K., 

 

ve 

incelen  

(  K.)  
 

M  
 ile, 

 
 

 K. 619,   

nin 

( ). 
 

 

 
A  nin 

 

n

  
  

  

MK. ve gibi özel 

 
 M  

n 
, 

 

 . 
 

 gi
özel 

 
. 

n 
 leri

 

 
M  

ngi bir 
Ma  K. 

 (Türk, 1979). Çünkü 

  
 

 

lerinin 
A nin 
(E  

edeni 
Kanunun 
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   –

-  
 MK 

 

n

 
G   

  
 

   
“

…) 
tutulur. 
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haciz, rehin ve ipotek veya sona erme 
  

M

 
E

madenlerin
M
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in

bul 
 

 
 

olmayan ve 

gere
  

de 

da bulun
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de M da 
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maddi  
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M da 
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nda 
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 de 

 
 

  eni  
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kamuya ait mallar, devletin hüküm ve 

özel mülkiyete konu ola
kamuya ait 

 
 özel kanun 

”  
 Türk MK. m. 715’de 

K. m. 641)

yerler 

madenler, petrol yataklar   -
 -   konusu 

hükmünün ul  
 

 

 
 

yerler 
 

M  
).     

 
 d

. 
 d

   
sahipsiz mallar  

kamu 
 

 
sahipsiz mal 

Çünkü 

  
 

 
 

 
 

den     

 

 ukukunun  
nu  

;  
hukukunu 

 
 

 

 
 

 

m

 

de; 
 

kaynaklar ve servetler 
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1999). 
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2.2 Madenlerin Mülkiyeti ve Rejimi 
Konusunda Devletin Konumu  
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 devlet 
  arak, Türk 
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 de 

arama ve  
 Ma

devle
 

’
madde  "madenler devletin hüküm ve 

 
  

  Ar
, 

paralel olarak; Ar  
, 

  
   

,  
madde ;  “ ve 

 
”   

madenlerin 
ve  

devlete 
 de 

sistemi 
madde
d

-
- 

d  regalien sisteme de 

Türk H ve 
regalien 

  
, 

 

 el 
  

d

 
 

, 
Ma ’

devletin hüküm ve tasarrufu 

 
  

, 
 

Dola
’ ’

ve regalien sistemler 
“Madenler devletin 

hü  
   Ma

  e 
 

A ’   
karara da  

; “… söz 
madde
madenlerin özel sektöre 

, aksine Devlet ile özel sektörün 

sistemin  
 

 
 

 
 

da 



1976

te; her iki Anayasada 
da d nin (domanial sistem) 
kural olarak madencilik 

m) istisna 
 

özellikle gerek 6309 sa. Maden Kanunu’nun 
’na uyumlu hale 

ne
3213 sa. Maden Kanunu’nda her 

ne kadar m. 4 hükmü geçse de 
e yer ne 

 
 1982 Anayasa ’  

maddesinde yer alan, 
   devlet ve özel sektör 

 
 yorumla Anayasa 

madde
(Telli, 1989; Gülan, 2008).  kararda; 
168. maddede,  devlete , ve ancak 

yorumunun   
  

Son dönemde, 26.05.2004 tarihinde 
 5177 sa. K. ile  

Maden Kanunu’nda 
sonucunda, devl

 alan ndaki var
düzenleyicilik ile  
2008), öncelikle Maden Kanunu m. 4’e göre 
“
mülkiy ” ifadesinde madenin 
kendisinin mi devletin hüküm ve tasarrufu 

 
endirildi  

. Burada, 
madenin 

 
da ayni bir hak  maden üretimiyle 

irden d
 

nu ve maz mal mülkiyetinden 
kurtulup   özel 
mülkiyette ni

n 

göstermektedir. Anc

madenlerin 

. 
devletin hüküm ve tasarrufu 

 

maden, 
olmaya devam etmemektedir (Gülan, 2008). 
Yani madenler üzerindeki kamusal mülkiyetin 
ken

Aksine, devlet, madenlerin mülkiyetini özel 
 madenleri 

özel na da  alamaz. 
Sonuçta  Maden Kanunu m. 4 

hükmü ve 1961 ve 1982 Anaya ’  söz 
konusu  

özel ve tüzel 
 erine olanak 

, d
gözetim ve denetim yöntem 

anga, devlete 
madenler konusunda özel hukuki 

konulmak u yetkisini 
madenlerle ilgili Kanun ve Yönetmelikler 

  
Nitekim devlet hakimiyeti sisteminde 

nin, ileride 

nden, Yeni MK. m. 
754’de, madenlerle ilgili olarak özel mülkiyet 

 

  
Maden Kanunu  (m. 46).  

s 2004/17, 

1982 Anayasa  
yer vermesi 

ile, gerek 1986 tarihli Anayasa Mahkemesi 
madenlerin rejimi 
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ik 
 

3. SONUÇ 

domanial regalien 
  

 
konusunda accession sistemini 

 
n 

 
  

accession 
sistemi  

 

 

M ; 
  

 Maadin si 
in 

accession  
domanial regalien 

 
  

 accession domanial 

 
M  

madenlerin 
madenler 

 
 

madenler 

 
 

 
 

 
 accession 

 

 
 o

 “madenler devletin hüküm ve 
 

” 
M  

 Sonra; 
  

  
nin 

accession 

 
M  

 

  
 

 
  

  

 
    

 

 
 

konusu 



1978

kan bu maden rejimi tablosunda, madenlerin 
rejimi konusunu madenlerin mülkiyeti 

evrimde; 
1) nler 

üzerinde devletin bir idare hukuku mülkiyeti 
 

Nitekim doktrin de idare hukuku 
mülkiyeti 

 
 Nitekim kamu 

üzerinde, 

madenlerin devlet denetiminde domanial ve 
regalien sisteme 

 
2) asa 

içerisindeki madenlerin; -
- 

  
Nitekim 

 Türk 
M  

 accession 

ort r   

Üstelik accession 

ukuk 

içbir zaman 
u 

, yine bu durumda da Türk 
ukukunda accession 

  
3) Eski M , 

konusu M da  olarak 

madenler   
erin  

 de 
madenlerin maddi olmayan mal 

, bir maden 
  

da  ise 

iç
i bir 

v

 
Nit  ile 

madenlerin M
ile 

, e de, “
 ve sonra “maadin  

ile madenler Maadin 
olarak kabul 

 
ir uyumsuzluk 

bulunm ile 
madenlerin  olarak kabul 

, 
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hukuk sisteminin de çift sicile izin vermemesi 
l  

Tabi Medeni Kanun’daki yeni düzenleme 
; madenlerin tapuya tescil 

“bulunmu

sebep olun

mevzuat evriminde maden sicili 
cilinin 

Kanun 

 maden sicilinin 
tapu s

maden siciline 

hükümlerin hukuk sistemin  

madenlerin mülkiyeti ve 
ir zemine 

     
4) ’da (  641) “ ” 

yerine 715) “sahipsiz 
” maddenin dili 

 yine  hükümlerine tabi 
servet ve 

kaynaklardan olan y  
yine e

 yeni durumda da  
 doktrince sahipsiz mal 

(yer) 
Çünkü d zerindeki 

 
hi 

kanun da    
ilmek 

 ka

 

 D
kara ma
içerisinde kabul edilen madenler üzerinde 

 ve istisnai bir hukuki durum 
bulunmakta  ve 
servetler 

ümleri ile 
kamu   

Türk 

 

olanak 

da ülkemizde yeterli maden 

sistemle birlikte mevzuat evrimindeki 

seçimindeki tercihin 
 

B madenlerin mülkiyeti konusu 

ortaya  

maden me
çerçevesinde madencilik 

eksikli
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ÖZET 15.06.
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ABSTRACT 
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1  
 ile 
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sini de 
 

   

 

 
 

 

 
  

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

  
tanbul Teknik Üniversitesi, Maden Fakültesi,  



1982

Maden 
 

  en 

. 

Bu 

 

 

2. TÜRK MADE  

2.1 3213  Maden K. Öncesi Dönem 
 

 ’ndan 
   

 
 

Maden Kanunu’nun 

 

”da 

  
   

 
 

 

 

Maden 
Kanunu’nun 

 

-

 Kanunu’n
’n

 
 

t
  

 
 u 

 
  

 

Kanun’a 

 y
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2.2  Dönemi  
 Maden Kanunu 

 
 Maden Kanunu 
Bu Kanunun  

 
Kanun 

 
  Kanun’un 
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yöntemi 
ölçü, teknik reddedilerek, 

yerine tarif ve  yöntemi 
Böylece bu dönemde  

birden arama 
(Yersel, 1970

yandan, arama 
belgelerde  

maden 
n 

gerekmekteydi  
 

emeleri dikkate alarak; Kanunun 
mev  

 

 ve mevcut 
 dayanan, maden 

 bir s
ülkeyi mümkün olan en 

parselasyon sisteminin kabülünün bu 

(F  
 Maden Kanunu döneminde ise 

 olan 
madenler ; 

  (göl 
 ile 

alan 
 

 
 

ran, alan uygun 
 talebinde bulunabilir veya ücretini 

 rezervasyon 
  

rezervasyon süresinden ötürü; 
madenc
yapmakta ve günde 

ik koordinatlarla 
 suretiyle, 

 

r 
yandan maden ya da mermer arama 

 
-30 gün sonra 

(Ulusoy, 1992

alan  
 

izni faydalanan 
mermer aramak istemelerine 

nu belirtmeyerek, maden arama 
o

)  
Burada, maden r

dönemde Maden Kanununda  
 

esinde, olarak arama 
 

durumunun, sonraki  Maden 
Kanunu 

 
ar   
,  Maden Kanunu’nun 

bir Maden Kanunu 
teren en 

 
nceki 

Kanun  

göre belirlenmesi y
  

Maden Kanunu 
 

ne k
 Maden Kanunu ile getirilip 

nlenmek 
 Kanunu’ndan 

 Kanunu’nda 
 

, 
spekülasyonu yaratanlar  
nitelik  

, 
Maden Kanunu  

tutma 
yönelimine iterek ma

  de 271 
 Kanun’

 
-

ile faaliyette olan 
belirgin fark, 
spekülasyonu n
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 , 

rezervasyon 

599  

 

 
 maddesinde, 

 
mali yeterlilik 

n  

mali yeterlilik 
spekülatif amaçla 

 

inde 
için 

 
    Maden 

 , 
 

 
 

 koordinat sistemi teminat 
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ma
 taksir yeni 

 

taksir 
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 Ma   
 

taksir 
  

 

e için;  
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madde
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de, 



1986

)

buluculuk

3.3  Arama Süresi 
tek 

cins maden

sürenin;

sürenin
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1970

i
.

sa. Ma 1

/

Ö
i

Ma

n

-

1995 2877
1809

1997 1520
1998
1999 3975 2013
2000 2587
2001
2002
2003

2005 9132
18208

2007 10731
2008 17297 9957
2009 10377
2010
2011
2012* 2373

*

in



1988

’

 

3.4   
d , a

yararlanma

’

.
Ma

 üretimine
Ma

üretimine

d da, ’

üretim 

3.5 
 

  

Ma
bir cins maden

p

B
’ da

aranaca
maddesinde gösterilen 
gösterilmeyebilir”  

tek 
mineral

.

 

Ma s
,

.
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ar  kdirde buralarda 
 

sahipleri  faaliyetine 
engel  

 

emniyetini bozmamaya ve bu amaçla 
kendisinden talep edilen vermeye 

Bu düzenleme ile
sahada eski tarihli  
arama faaliyetine engel 
sonradan  için arama  
alan madenciden teminat isten Yani 
bu durum; teminat 
madencilik faaliyetlerini yap ve 

 

sorunu da 
 

”nin 
 

i  durum ortaya 
 birçok 

 rastlanabilmesi
ruhsat arama faaliyetleri 

için 
akta ve 

 

 
unlardaki söz konusu 

 için mi yoksa  
 

 

dönemin an

Kanunu’n  düzenlemelerde 

bu dönem den f

 verilmekteydi 

 sahi  
  

nin 
sürdürmesi 

i; tüm bu 
düzenlemelerin olumlu na gölge 

de sorun 
meydana getiren bir düzenlemenin 

 
 Kanun ise  bir sahada yürüyen 

bir ruhsat varsa  
mi

 
veril   
Kanun rine 

 Mesela 
Maden Kanunu döneminde  ismi 
belirtilmed

 
ve söz konusu Kanun madde 

;  

arama ruhsat  ismi 
beli

  

3.6 
  

hukuk Maden 
Kanununda  

etrafl

hinin ve 
iptalinin  
madencilik fa

 
uhsat k ortaya 

i
takdir yetkisi ile bu yetkinin derecesi de önem 
arz aden Kanunu 

anun ve 
Yönetmeliklerinde madencilik sektörünü 

 iptallerine sebebiyet 
verebilecek mevcut 

 
Kanun
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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-Ag2S-Bi2S3 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. MoS2 is accompanied by 
abundant and widespread pyrite, base metal 
sulfides and wolframite are also present. In 
the mineralized sectors of NE Sardinia MoS2 
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 PbAgBi3S6 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 

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 

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 2H1 (hexagonal) 
modification was found to be the most 
prevalent in Sardinia (Bralia et al., 1983a) 
but pure rhombohedral  (3R)  molybdenite 
and 3R + 2H1  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 later. 
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 92.91 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 Bi  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 65g 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 
Mo63d1 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 WO3 Tot 
Wo 1 13.44 9.38 61.90 84.72 
Wo 2 14.39 9.31 72.31 96.00 
Wo 3 14.22 9.23 71.95 95.4 
Wo 4 10.57 12.92 71.7 95.19 

 
 

Scheelite CaO MnO  FeO WO3  
Sch 1 19.78 0.03   0.03   64.95 84.80 
Sch 2 20.78 0.02   0.08 75.75 96.63 
Sch 3 21.02 0.01   0.03 75.22 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 
// 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-Ag2S-Bi2S3 is shown in Figure 3. 
Other minerals have been described as 
existing in it especially on the PbS-Bi2S3 
join, but have subsequently been shown to 

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 
(Ag2S), bismuthinite (Bi2S3), galena (PbS), 
matildite (AgBiS2), lillianite (Pb3Bi2S6), 
pavonite (AgBi3S5) and gustavite 
(Pb6Ag3Bi11S24).  
 
On the basis of natural intergrowths of 
galena and matildite, Ramdohr (1938) 
suggested an extensive solid solution along 
the PbS-AgBiS2 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 Pb6Ag3Bi11S24    and its 
associated phase PbAgBi3S6 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 PbAgBi3S6 and its possible 
extension all the way to the Ag2S-Bi2S3 join 
at Ag3Bi7S12 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 Ag1+ + 
Bi3+ 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-Ag2S-Bi2S3  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-Ag2S.Bi2S3  (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 
  ~ PbAgBi3S6, 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   
Pb1.02Ag0.84Bi2.67Sb0.31S6   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  
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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 Ag3Bi7S12 on the Ag2S-Bi2S3 
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-AgBiS2 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). 
 

 
Figure 5. Compositions of galenas  in the 
triangle  PbS-Ag2S-Bi2S3 . 
 

 
Figure 6: a) large rhomboidal grain made up 
of PbAgBi3S6 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. 

 
 S Ag Cu Pb Bi Se Tot 
Mo63 I 16.74 9.10 0.01 19.27 54.42 0.31 99.85 
 16.77 9.00 0.03 18.68 54.30 0.41 98.78 
 
Mo63 b 
 
 
 
Mo16 
 
 
 
Mo18 
 
 
 
Mo26 
 
 
Mo30 
 
Mo 45 
 
 
 
Mo50 
 
Mo54 
 
 
 

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 
  

9.45 
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 
0.01 
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 

19.02 
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 

54,43 
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 
52.91 
54.14 
53.25 
53.20 
52.46 
53.41 
52.34 
52.42 
52.01 

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 

99.70 
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 

 
 
0.50 

 
 
25.26 

 
 
47.16 

 
 
2.54 

 
 
99.77 

Alaska Mine 17.19 8.83 0.24 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 10.90 2.70 4.40 64.20 0.90 100.90 
BSF 1821 18.40   9.40 2.30 2.90 66.70 0.80 100.50 
 
 

5 CONCLUSIONS 

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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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). 

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  



2022

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 

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 

1st 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 Resources and 

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. 

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 system 

(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. 

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 areas 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 

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, bilateral 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 

stronger cooperation with companies, 
Alumni's and donators. 
 Professional education of administrative 
staff is also necessary. 

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 5-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 4 

Study programmes 4 
Students 4 
Teaching staff 4 
Scientific and professional activities 4 
Mobility and international cooperation 3 
Resources: administrative staff,  
material and financial resources 4 

 
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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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 abou t 
6m3/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 2.8m3/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 

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,   
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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 Mm3/year and hydroelectric energy 
potential of about 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. 
1. 

Fig 1. Location of Sangtuda1, 2 Dams 

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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Fig 3. Location of right bank 

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: 

Qh
t

C
y
hK

yx
hK

x yx )()()(  

where, Kx and Ky 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 
is the time. The hydraulic head is correlated 
to the volumetric water content (  ) using 
the following equation: 

 

t
hC

t  

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 by 
Krusseman and De Ridder (1979) and Singh 
et al. (1985): 

)ln(

)( 22
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R
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The radius of influence R is reduced to: 

5.0)(5755 HKR  
Analytical Equation presented by 
Vandersluis et al. (1995): 
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In above equations: 
Q = groundwater inflow (m3/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); 
r0 = reduced radius of the open pit by level 
(m); 
H = potentiometric surface elevation at a 
specific point (m); 
rp = radius of the pit 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. 

Then, the flow is determined using the 
principle of superposition. So, this equation 
is applied for isotropic and homogeneous: 

5.0)log(2.0
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where, q1 is the quantity of flow for Dupuit 
component, q2 is the quantity of flow for 
Darcy;s component, h is the total head in the 

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 

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 6.5x10-3 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. 
 
 
 
 

Fig 5. the geometry of a typical cross 
section of an open pit mine slope 
(Hormazabalz, 2005) 
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Table1.results from analytical and numerical 
methods for groundwater inflow into 
sangtuda2 power plant (m3/Sec). 

Numerical 
method Analytical method  

Seep/W Hormazabalz Vandersluis Singh Method 
0.85 0.91 1.04 1.12 Zone B 
5.34 4.85 4.92 5.06 Zone C 

6.19 5.67 5.95 6.18 

Total 
water 
inflow 
into pit 

Figures 6 and 7 show the model constructed 
by the software 

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

 

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 m3/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 m3/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 m3/sec, water flows into Zone 

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 2.8m3/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 

100m 80m 60 m 
Grout 
curtain 
depth 

0.31 0.342 0.404 Zone B 
2.58 2.780 3.1 Zone C 
2.89 3.122 3.504 Total 

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 

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. 

 
 
 
 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

0 50 100 150

Grout curtain depth(m)

Zone B
Zone C
total



2034

Table 3. Performance of curtain according to 
grout curtain depth 

 

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 m3/sec water 
inflow into power plant. That result related 
to presence of limestone layers in zone C 
which are of karstification 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 
m3/s capacity at least .  

5 CONCLUSION 
Due to the completion of Sangtuda1, 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 

because of followings that should be taken 
into account: 

 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. 

 Presence of artesian spring in Pg2-4/1 
breccia limestone layer (karstified 
layer) in  zone C, amount of 3m3/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 m3/s 
capacity at least. 
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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 
formed where magmatic-hydrothermal fluids 
are expelled from a crystallizing magma 
(Burnham, 1979; Ulrich, 2001) and initiated 

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 
by solidification of the underlying parental 
plutons and downward propagation of the 
lithostatic-hydrostatic transition (Sillitoe, 
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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.  
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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 

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). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

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 elongated 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 

inclusions examined during this study had 
diameters of 4-12 µm. Only fluid inclusions 
within the quartz crystals in quartz-sulfide 
and quartz-molybdenite veinlets were chosen 
for microthermometric studies. Most of the 

observations were restricted to fluid 
inclusions in coarse-grained quartz of early 
mineralized veins. 

main types based on the number, nature, and 
proportion of phases at room temperature. 

(Fig.2). 
 

 

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

 
 LV (Liquid Vapor) inclusions consist of 

phase volu
inclusions are common in all mineralized 
quartz veins, and are abundant in Group II 
and III veins. VL (Vapor Liquid) inclusions 

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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three subtypes. Subtype LVHS1 inclusions 
are characterized by the presence of halite + 

-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 
LVHS2 inclusions contain sylvite in addition 
to the phases in LVHS1 inclusions. The solid 
phases occupy 60% of inclusion volumes, 
and the vapor bubbles 20% of inclusion 
volumes. Subtype LVHS3 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 H2
(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  
h 

of VL inclusions homogenize to vapor Th 
 

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

liquid homogenization) were recorded. (Fig. 
3) 

Group I

0

5

10

15

20

180240300360420480540600

Homogenization  Temperature (oC)

LV (s) VL (s) VL (p) VL (ps)
LVHS (p) LVHS (ps) LVHS (s)

Group II

0

5

10

15

20

180240300360420480540600

Homogenization  Temperature (oC)

LV (p) LV (ps) LV (s) VL (p) VL (ps)
VL (s) LVHS (p) LVHS (ps) LVHS (s)

Group III

0

5

10

15

20

180240300360420480540600

Homogenization  Temperature (oC)

LV (p) LV (ps) LV (s) VL (p)
LVHS (p) LVHS (ps ) LVHS (s)

 

Fig. 3. Histograms of homogenization temperatures 

mineralized quartz veins (p: primary, ps: 
pseudosecondary, s: secondary). 

The liquid and vapour phases in LVHS 
inclusions homogenize to liquid at 

liquid–vapour homogenization temperature 

in Quartz veins. The halite dissolution 
temperatures (TsNaCl) for LVHS inclusions 

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. 

FI 
 Type 

Statistical 
Parameter 

Th TSNaCL L / V Salinity 

LV 

Minimum 215 - 1.2 2.01 

Maximum 514 - 19 16.32 
Mean 297 - 4.38 8.02 
STD* 56.6 - 2.96 3.8 

VL 

Minimum 287 - 0.11 0.87 
Maximum 575 - 1 18.55 

Mean 421 - 0.49 9.36 

STD 67.8 - 0.3 5.2 

LVHS 

Minimum 211 211 0.47 31.44 
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 
to 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 
(R2=0.07).  High salinity inclusions have 
salinity between 31.4 and 59.9 wt% NaCl 
and have good correlation coefficient 
(R2=0.7).between the salinity and their 
homogenization temperature. (Fig. 5) 

 
 

 

Fig. 4. Scatter plot of salinity versus homogenization 
temperature showing two different populations 

 

 

Fig. 5. A) Weak correlation coefficient between the 
salinity and their homogenization temperature in low 
salinity population (R2=0.071), B) Good correlation 
coefficient (R2=0.71) between the salinity and their 
homogenization temperature in high salinity 
inclusions (LVHS). 

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 

l8O values of quartz are in range of 9% 
to 10.3 relative to Standard Mean Ocean 
Water (SMOW) with a mean of 9.6%. 

18OH2O values were calculated from the 
quartz analyses using the fractionation 
equation of Matsuhisa et al. (1979) . 

18OH2O 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). 

 

 

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 (  18O(fluid)  > 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 (  
18O(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 (  
18O(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, II and III veins. The eight pyrite samples 
analyzed have 34S values between -3.1% to 
-0.4%, the three chalcopyrite samples have 

34S values of -1.8% to -1.3%, the two 
molybdenite samples have 34S values 
ranging from -1.8% to -0.7% and the eleven 
anhydrite samples have 34S values from 
10.3% to 11.7%. 

The 34S values of the anhydrite are 
approximately constant and heavier than 
those of associated or coexisting sulfides. 
One of two samples of molybdenite is 
enriched 34S relative to pyrite and pyrite in 
turn is similarly enriched in 34S 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. 

LVHS2 fluid inclusions occur with VL 
inclusions in Group I quartz veins associated 
with potassic alteration, define fluid 
population I. The homogenization 
temperatures for type LVHS2 inclusions 
(Th(L-V) > TsNaCl) 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 TsNaCl > Th(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 
450oC. So pressure during the trapping of 
fluid population I varied from 150-200 to 
>500 bars and temperature was ~450oC. 

Fluid II is defined by the co-existence of 
LVHS3 and VL inclusions. In Group I and II 
veins, LVHS3 inclusions homogenize by 
vapor disappearance after halite dissolution 
at a modal temperature of 350oC. 

Based on data from Sourirajan and 
Kennedy (1962) and Chou (1987) for the 
NaCl-H2O system, the corresponding fluid 
pressure was ~200 bars. 

VL inclusions homogenize to a vapor at 
between 380o and 520oC, i.e., at significantly 
higher temperatures than LVHS3 inclusions, 

could indicate heterogeneous entrapment of 
liquid and vapor during boiling. 

In Group III veins, the LVHS3 inclusions 
homogenize at temperatures <300oC by both 
vapor disappearance and halite dissolution. 

 

 

 

Fig. 7. Liquid–vapour homogenization temperature 
vs. salinity plotted on a section from the NaCl–H2O 
system (halite saturation and critical curves from 
Boodnar, 2003 and Roedder, 1984) 

Fluid II was thus trapped at considerably 
lower temperatures than fluid I (350o vs. 350 
- 500oC) 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 o and 330 oC. 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  
18O(fluid)  > 6%. The presence of 
molybdenite and anhydrite in Group I veins, 
chalcopyrite and anhydrite in Group II veins 
and chalcopyrite and anhydrite in LVHS1 
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  18O(fluid)  ~5 to 6%.  

The third hydrothermal fluid (Fluid III) 
consisted of low temperature, low to 
moderate salinity and 18O(fluid)  < 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 

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.  
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ABSTRACT A key challenge in the 21st 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. 

A Framework for the Sustainable Development of Turkey’s 
Mineral Wealth
 
I. Singh,  
Principal, Mining Consultancy International, Thunder Bay, Ontario, Canada 
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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 

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 is 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 

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 Promote Institutional 
Collaboration 
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 

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.   

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 17th 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 
100th 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 

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 10th largest economy 
by 2013 on its 100th 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 m2 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 in Romanian Geo 
structural Context 
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. 

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-si1 / si2 - 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). qp1

f 

1 = 
Paleocene riolite; ap = Aptian (limestone, marl); ne 
– ap1 = inferior Aptian – Neocomian (limestone); th 
= Tithonic (limestone); cl2 – th = Tithonic - medium 

Callovian (limestone); cl2 – km = Kimmeridgian – 
medium Callovian (limestone); si2 – do = Domerian 
– upper Sinemurian (limestone); he + si1 = inferior 
Sinemurian – Hettangian (breccia, sandstone). 
(Geology after Romanian Geologic Survey, with 
modifications, 1:50.000 scale).

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  

 
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).  
 

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; 

c. Inferior Sinemurian: 40 – 60 m 
thickness of clay, marl, sandstone, 
quartz sandstone.  

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 m toward limestone and quartzite 
sandstone average values between 600-700 

m. This is an adequate petro physical 
contrast for some low resistive level in 
bedrock [Botezatu, 1987].  

Extreme resistivity values between 1000-
1800 m 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   
potential  (mV) due to AB current (mA).  

Conventional apparent resistivity relation: 

a = AM . AN /MN . V/I   [ ] 

 

 
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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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;  lower clay limit;  
liasic limit si2+do/he+si1.
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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 

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). 

 

 

 

 

 

 

 

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;  lower clay limit;  
liasic limit si2+do/he+si1. 

Two low resistivity level were determinate 
by statistical and graphical interpretation in 
geological terms of cross sections 
geophysical images, as follows:  
a. 170-700 m, maximum 1800 m 
(average 420 ) 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 with an average 
near 1,40 m. 
b. 245-

-680 m altitude 

(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 
diapason of resistivity values and the kaolin 
lenses have an approximate same shape 
following the quartzite or limestone bedrock 

ancient  relief.  
  
 

 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
Figure 7. Interpretative resistivity map at 685 m altitude, upper clay level, Cross Hill zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Interpretative resistivity map at 675 m altitude, lower clay level, Cross Hill zone 
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Figure 9. Resistivity survey area, Cross Hill, Tomnatic, 1-13 = VES locations; S1-1÷S7-7= geophysical cross 
sections;  = 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 

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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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.  

 

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 
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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. 

 

Figure 1. Geological Map of the 
Transylvanian Depression. 1 – Quaternary; 2 
– Pliocene (N); 3 – Sarmatian (sm); 4 – 
Badenian (bn); 5 – Aquitanian–Burdigalian 
(m1); 6 – Oligocene (Pg3); 7 – Eocene (Pg2); 
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. 

 
 
 
 
 

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.  

 

 
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). qp3

2 = Upper  Pleistocene 
(gravel, sand);  vh+bs1 = Volhinian-
Bassarabian (clay, sand, tuff); to+bg = 
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 of the Dumitra 
perimeters 
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 vertical 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 m  toward  salt deposit 
average values between 600-700 m 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- ).  

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 

current (mA).  
Conventional apparent resistivity ( a) 

relation is: 

a  = AM . AN / MN . V/ I    [  

 

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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Figure 5. Rocks and aquifers electric 
parameters 

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 m, maximum 6 m (average 
0,2 ) 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 10-4
according to sandy content. The 
overlaying rock thickness are between  

rage near 
1,90 m. 
c. Salt deposit with 4-
apparent values views in the shadow of 
the overlaying/salt limit very low 
resistivity. [Mafteiu, 1996]. Real salt 
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S8-8resistivity are between 100-200 
measured inside the other  salt mines  
all over Romania (Slanic-Prahova, 
Prahova County; Ocna Dej, Cluj 
County; Ocna Sibiului, Sibiu 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). 

 
 

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. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

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. 

 
 

 

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. 
 
 

 
 
 
 
 
 
 

 

 
 

 
 

 
 

Figure  9. Overlaying thickness map, II-nd 
future salt mine, southern Dumitra village.  
1/365-40/409 = VES locations;   = brine 

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 

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. 
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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 Unión, 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). 

Sustainable Mining Construction Materials in Eastern Antioquia 
 

V. Villa, G. Franco   

Mines Faculty, National University of Colombia, Medellin  
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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).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

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 
areas 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 Planeación 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.  

2.1 Kaolin and Clay 
Kaolin and clay production is carried out in 
the La Unión 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 
Medellín, 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 Unión 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 
Medellín (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 visits 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.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.Identification of mining projects 
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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. 

 
 

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 
resource 

A B C D E F 

I II I II I II 
La Ceja Sand and gravel 

2 
 

2  34 1 1   
Gravel 

2  2  34  2 1 1 
Rionegro Clay 

5  5  1839.95 4 1 2 4 
Sand 

1 2 3  8 1 2 3 3 
Sand and gravel 

3 1 3 1 66 3 1 1 2 
El Retiro Sand 

1 11 12  127 12    
Sand and gravel 

1  1  12  1   
Guarne Silt 

1  1  200  1   
Sand and gravel 

2  1 1 70 1 1 1 1 
San Vicente Sand and gravel 

2  1 1 16 2  2 1 
Silt 

2  1 1 150 2    
Sand 

 1 1  10  1  1 
La Unión Kaolin 

6  4 2 428 6  1  
Sand 

 1 1  2  1 1 1 
Sand and gravel 

 1 1  14 1  1 1 
Marinilla Sand 

1  1  20 1  1 1 

El Santuario Sand and gravel 
2  2  34 2  1  

Sand 
 1 1  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 land and 
damages to roads or nearby 
communities, generating potential 
risk. 

  
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. 

i. Define stable surfaces  
ii. Control risks  

iii. Control erosion 
iv. Maintain water quality 
v. Comply with water quality regulations 

vi. Recovery for later alternate use 
vii. 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, 2006).  
Economically, the rise of demand in the 

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 
Unión 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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1 INTRODUCTION 

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 

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 
(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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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”.  
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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 

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): 

 Interrelate and interpret knowledge, 
accessing sources of necessary 
information. 

 Propose practical solutions, using the 
information. 

 Promote cooperative work, 
communication skills, organization, 
planning and personal responsibility 
for the completion of the work. 

 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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 The problem must engage and 
motivate learning and should be 
related to real cases. 

 Students are required to justify their 
decisions, by defining assumptions 
made, identifying relevant information 
and outlining the necessary steps. 

 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. 
 
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 web site using a 
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 

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 OF PBL: RESULTS 
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. 

 

 

 

 

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). 

 

 
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 

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 east 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. 

2.1 The sinkholes along the P111 
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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Figure 1.  

 
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  

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 1A) 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 12th 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.  

 

 

Figure 4. 

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 1a’  (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 1a, 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.  

 

 

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. 

 

Figure 6 
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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 
et al., 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].  
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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 km2 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 

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 

 
Mg2SiO4 +2 CO2 + 8 H2O  2 
Mg(HCO3)(OH).2 H2O + H4SiO4

0  
 
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 km2     
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/m3 

 
  These results in an amount of 3 x 109 

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).   



2097

23rd International Mining Congress & Exhibition of Turkey • 16-19 April 2013 ANTALYA

  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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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 

1.1  Definitions, Character 
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;  

 an important social technique of 
directing, leading and controlling all 
the group’s efforts in order to 
achieve a certain common aim;   

 process of organization, the skill of 
leading, of administering, which 
enhances the efficacy of using 
material (including geo-resources) 
and human resources;   

 economical definition: a production 
factor which organizes and 

coordinates the other production 
factors (labour, land, capital) in order 
to attain maximum of efficacy;  

 defined from the business point of 
view: a social process which implies 
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 collectivity, which wishes to achieve its 
aims, needs (Marinescu, 2011):  

 an action plan (the forecast function of 
management),  

 a certain structure (organizing 
function),  
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 amortization of common efforts 
(coordination);  

 as wide involvement on its members’ 
behalf (involving);  

 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 requires 
management. 

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): 

 resources of mineral and energetic 
substances;  

 setting fields (basement), in order to 
place on them different buildings or to 
counteract the degradation tendencies 
(erosion, landslides, downfalls). 

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 (combining 
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. 
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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).  

 

 
 

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; 
 geological prospecting of of some 
areas or bodies of mineral / power 
substances 

 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:  

 deposits exploitation;  
 processing of the raw mineral or 

power  substances, extracted from 
deposits;  

 treating these substances. 
 The produced good are:  

 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  
 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;  

 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, 



2104

miners, and geologists have need 
management, too. 
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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.

 
 
 
 
 
 
 

 Seismic Observations Data Processing during Mining Operations 
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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. 
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Figure 1. MIEPS general data flowchart 

The first stage of the program is to 
calculate the precursors values. At present 
the following precursors are considered to be 
rock seismicity characteristics: a decreasing 
fractal dimension, b-value, concentration, 
and average length of fractures (Kozyrev et 
al., 2010, Sobolev, 1993, Xie et al., 1993, 
Zhurkov et al., 1981). 

At this stage, the process of method 
adaptation to mine conditions, seismic 

monitoring network parameters are 
important, as well as the requirements for 
prediction results (e.g. events energy 
prediction). 
At present method and software were 
adapted to the Khibiny apatite mines 
conditions. The parameters for processing 
seismic data are determined (see Table 1).

Table 1. The parameters for processing seismic data 

Energy range Space window Time window 
analyzed events 103-105J cell size 200×200m 30 days 
predicted events 106-108J 75% overlapping 1 day step 

 
Result of the first stage is spatial-temporal 

maps of precursor values distribution. 
The second stage of the program is 

complex analysis of precursors based on 
different parameters of seismic emission. For 
that purpose we have developed a complex 

assessment method of different precursors 
(Kozyrev et al., 2010, Kozyrev et al., 2011). 
Firstly, the values of each precursor are 
made comparable using the following 
formula: 
 
 

Precursors calculation 

Complex assessment calculation 

Seismic active zones contouring 

For each seismic active zone 

Conditional 
test 

Attenuated 
zone 

Stable 
zone 

Pulsatory 
zone 

Increasing 
zone 

Analysis of geological and mining information 

Results 
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where X – range of precursor values; Xi - 
precursor initial value;  X'i - changed 
precursor value; i = [1..m], m – number of 
precursor values. 

Then the complex assessment value in a 
cell is calculated by formula: 
 
 
 

where N - number of separate 
precursors, X j

' - 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.

Table 2. Seismic active zone type definition 

Complex assessment 
value Type of zone Possible evolution 

>0.50 Increasing The probability of events group or strong 
seismic event is high 

0.45-0.50 Pulsatory 
Both an occurrence of strong seismic 
event and transition zone to the stable state 
is possible 

0.40-0.45 Stable The probability of events group or strong 
seismic event is low 

<0.40 Attenuated 
Using retrospective analysis we 
determined that in such zones, there were 
no strong seismic events 

 
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. 

 
 
 
 
 
 
 
 

 

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. 

 
 
 
 
 
 
 
 
 
 
 
 

 

a) 20.05.2012 8:00:00 Stable period 

 
 
 
 
 
 
 
 
 
 
 
 

 

b) 21.05.2012 8:00:00 Forming failure 

 
 
 
 
 
 
 
 
 
 
 
 

 

c) 24.05.2012 8:00:00 Failure 
Figure 3 – Maps of seismic active zone 
before and after failure (Ukspor side of 
UKM).
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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 (m²) 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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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. 

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, m3/hour). 
Fracture length (L) being the basic precursor 
(parameter of zone hazard) is calculated 
using the following formula: 

Where: E – event energy (J); V – registration 
area (km3); – 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 m3/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=3.18x109J 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. 

 
 

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.3), total 
value for September was 9204 m3/hour. 
Total values of rock mass watering were less 
in October and November. Negative 
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months were registered more often than in 
September. Fractures filled with water got 
frozen thus resulting in higher seismicity of 
the region. 

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, 

This points to the fact that seismic activity in 
this region changed upwards. 

Figure 4. Distribution of seismic energy (
and increasing amount of seismic events (N) 

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 

been established before. For gases of self-
induced (free, spontaneous) 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 

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 hydrogen 
emanation was undeservedly underpaid 
attention. In geoecological aspect study of 
molecular hydrogen emanation is important 
due to its high reaction capacity, mobility 
and occurrence. Under certain conditions 
combustible and explosion-prone GSR can 
be accumulated in ore mining workings thus 
seriously disturbing the technological cycle 
and create a threat for health and life of 
mining workers. 

The Khibiny massif is characterized by 
unusually for magmatic formations high gas 
content and inhomogeneous distribution of 
tectonic stresses sometimes ten times higher 
that lithostatic as well as presence of 
significant natural and induced seismicity. 

One of the most challenging problems for 
developing deposits is assessment of rock 
stress-strained state and prediction of 
dynamic manifestations of the rock pressure, 
such as rockbursts and shallow-focus 
mining-induced earthquakes. Therefore, 
various interrelations of gasometric and rock 
mechanical parameters of the rock mass are 
of special interest (Nivin, 2010). 

4 DISCUSSION 
In this paper the study results are presented 
on interrelation of emanated subsoil 
hydrogen concentration change and bulk 
blasting and seismicity change in the area of 
the United Kirovsky Mine. In order to reveal 
this dependence, the database and message 
register of rock mass seismicity control 
(ASKSM) automated system of the 
Geophysical Monitoring System, “Apatit” 
JSC from 2007 to 2009 have been processed. 

Using Seismic Time System (STS) 
software (subsystem of roundup analysis 
ASRSM) there have been found and 
analysed the most important seismic events 
for the study. These events are the following: 
bulk blasts, natural events with energy of 

6J and events that took place outside of 
registration zone but important in respect of 
the time and coordinates. In order to obtain 
hydrogenometric indexes the modification 
device VG-3 with measuring range of 
hydrogen concentration in the air of 0,0001 
to 0,01 volume % (1-100ppm), accuracy 
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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). 

 

Figure 2 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. 

 

Figure 7. Bulk blasting in UKM and  
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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 41ppm, 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). 

 

Figure 2 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). 

 

Figure 2 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 1st 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. 

 

Figure 10. 2 subsoil hydrogen concentration distribution for 
periods of higher seismicity zone activation.2009 

 
Zone of higher seismicity I level (Average +1x Standard deviation) 
Zone of higher seismicity II level (Average +3x Standard deviation) 

 
 
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 2 
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. 

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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Fig. 11. Bar chart of the Khibiny massif seismicity and deep 2 emanation after bulk blasting 
by months for 2007-2009 

 
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 (105-108J) 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 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. 

The establishment of occurrence 
situations in connection with certain 
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.  

Pegmatite Productive Terrains in the Variscan Granite Hosts 
From Northern and Central Portugal  
 
P. A. Dias, B. Pereira, J. Azevedo, J. Oliveira,  
Sinergeo, Lda, Vila Verde, PT  

C. Leal Gomes  
DCT, University of Minho, Braga, PT  
 
J. Carvalho 
GGC, Lda, Porto, PT 
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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 Vilariça 
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: 

A- Irregular 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.  

 

 

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 
Guimarães & 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), Satão-Aguiar da Beira (Leal Gomes, 
Trabulo et al., 1995, Guimarães, 2012), 
Guarda-Belmonte (Silva et 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. 
 

 

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 
N10-30ºE 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 
BARCA 

CHAVES ALTO VOUGA GUARDA-BELMONTE 

Emplacement 
domains 

Intra-granitic Peri-granitic Intra-granitic  Peri-granitic Intra-granitic 

Morphoscopy and 
morphometry 

Irregular bodies 
(inverted drop 
and hourglass 
forms); tabular 

miarolitic bodies  

“Stocksheider” 
(related to granite 
cupola colapse) 

Irregular bodies 
(dumbbell, 

inverted drop, 
hourglass and 
spidery forms)  

Bodies related 
to granite 

cupola collapse 
and rooted sills  

Spidery 
irregular 
bodies 

Sills 

Typology 

Miarolitic Hybrid miarolitic 
NYF-(LCT) 

Hybrid miarolitic Rare elements 
(LCT-petalitic) 

Hybrid Rare 
elements 

(LCT-
lepidolitic) 

Paradigmatic 
pegmatites 

Pedra da Moura, 
Dornas, Mata da 

Galinheira, 
Brufe, 

Carvalheira, 
Covide 

Seixigal  Senhora de 
Assunção, Vigia, 

Pestarenga, 
Corujeira, Vila 

Longa, Venturinha 

Queiriga-
Lousadela 

Fonte da 
Cal, 

Bendada 

Alvarrões, 
Vela, Porto 

Tomé 

Typomorphic 
accessory 

paragenesis 

- Fe, Mn,Li 
phosphates + 
Sphalerite, 
Arsenopyrite, 
Pyrite, Pyrrhotite, 
Ilmenite;  
- Beryl + Li 
muscovite + 
Tantalite + 
Zircon. 

-Fluorapatite 
+Chlorite+Schorl 
- Cassiterite 
+Molibdenite+Ta
ntite; 
- Fluorapatite+ 
Phenakite+Bertra
ndrite+OH-
Herderite 

Beryl + Li-Fe-Mn-
Al phosphates + 
sulphides + Nb-
Ta-Ti-U oxides.  

Petalite+Lepido
lite+spodumene
+topaz+beryl+c
assiterite+wolfr
amite+Nb-Ta-

Ti oxides + 
sulphides + 

sulphosalts + 
carbonates+ 

fluorite. 

- Beryl + 
Columbite-
tantalite+ 
Zinwaldite  
+ lollingite 
+ Fe-Mn 
phosphates 

- Lepidolite 
+ topaz + 
tantalite + 

cassiterite + 
polilythionit

e+ beryl 

Mineralization 

Ti>Zn>As>(Li) 
 

Be>Li>Ta>Nb>Z
r 

Mg 
 

Sn>Mo>Ta>Ti 
 

Be>Mo 

Be > Nb > Ta 
> W > Mo > 

Li>Sn 

Li>Be>Sn>
Ta>Nb>W>Bi 

Be > 
Nb > Ta > 
W > Mo > 

Li>Sn 

Li>Ta>
Nb>Be>Sn>

Cs 

* corresponding to pegmatite fields of the CCI. Location in Figure 2.

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. 

At issue is the compositional 
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 ow 
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 useful 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 such as these are 
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%. 

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 (Guimarães, 
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 Assunção 
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 N30ºE 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 

EXPLORATION GUIDES 
PONTE DA BARCA CHAVES ALTO VOUGA GUARDA-

BELMONTE 

Structural and 
geomorphological patterns  

NW-SE to ESE-WNW, 
N30ºE  

N30ºE N30ºE conjugated with 
E-W 

N20ºE conjugated 
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 
granulometry and strong 
evidence of granitic 
differentiation 

Fine-grained leucogranites 
with garnet and cordierite; 
pegmatoid leucogranites 
with coarse, radial and 
feathery micaceous 
intergrowths. 

 Fine-grained 
leucogranites; graphic 
leucogranites with 
coarse, radial and 
feathery micaceous 
intergrowths. 

Heterogeneous 
granites with 
rounded quartz; 
pegmatoid 
leucogranites.  

Penetrative lineations marked 
by the fluidal planar 
alignment of potassic 
megafeldspars 

Linear and plan-linear 
concentric fluidalities. 

   

Clustering phenomena of K-
feldspar megacrysts 

  K-feldspar megacrysts 
agglomerations with 
vertical trend. 

 

“Filter-pressing” phenomena Exuberant shlieren between 
porphyroid granites and 
garnet-cordierite bearing 
leucogranites. 

 Frequent within 
porphyroid granites and 
interfaces with fine-
grained leucogranites.  

Occasional on the 
periphery of 
transitional 
leucogranites. 

“Bubbling” phenomena   Miarolitic bubble-like 
pegmatites: spheres and 
ellipsoids with small 
volume. 

 

Patterns of hydrothermal and 
supergene alteration of 
productive granitic masses 

Yellowing and reddening. Peri-pegmatitic 
banded 
albitisation. 

Epidotization Yellowing and 
reddening 
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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; Guimarães, 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 

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 areas 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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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) buttons 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 

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 
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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 
35.2 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. 

 
 

 
 
 

 
 

 
 

 

 

 

 

  
 

 

Figure1. 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 

Num Damaged 
parts 

Bit 
lifetim

e 
(m/bit) 

Num Damaged 
parts 

Bit 
lifetim

e 
(m/bit) 

Num Damaged 
parts DBL 

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 
 
         

 
 

 
 

Figure 2. percent of involved parts in 
damage of bits 

Analysis shows that both leg protection 
and button encounter simultaneously with 
damage in more than 14 bits (46.6%). 

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. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. frequency of simultaneous 
damage in different parts of bit together 
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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. 

 
 
 
 
 
 
 
 
 

 

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. 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

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:  

 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. 

 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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