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< \ _ ^ _ g b _  
 
I j b j h ^ g u _ [ h ] Z l k l \ Z  - w l h \ l h ` _ \ j _ f y i j b jh ^ g u _ j_ k m j k u �

g _ h [ o h ^ b f u _ q _ e h \ _ q _ k d h f m h [ s _ k l \ m ^ e y km s _ k l \ h \ Z g b y b b k i h e v a m _ f u _

b f \ i j h b a \ h ^ k l \ _ � B o i h ^ j Z a ^ _ e y x l g Z \ h a h [ g h \ e y _ f u _ � \ h a ^ m o � \ h ^ Z ��

i h q \ Z �� e _ k �� ^ b q v

�

b g _ \ h a h [ g h \ e y _ f u _ � i h e _ a g u _ b k d h i Z_ f u _ � �  
I h e _ a g u f b k d h i Z_ f u f k q b l Z_ l k y hj ] Z g b q _ k d h_ b e b f b g _j Z e v g h _

\ _ s _ k l \ h � d h l h jh_ f h ` g h \ u ] h ^ g h b k i h e v a h \ Z l v � I h g y l b _ w l h b a f _ g y e h k v k

j Z a \ b l b _ f g Z m d b b l _ o g b d b � G Z k _ ] h ^ g y r g bc ^ _ g v � g Z i j b f _j � [ h e h l g m x j m ^ m

m ` _ g _ k q b l Z x l i h e _ a g u f b k d h i Z _ f u f � o h l y b a g _ _ \ i e h l v ^ h ��� k l h e _ l b y

\ u i e Z \ e y e b ` _ e _ a h � I h e _ a g u _ b k d h i Z _ f u _ ^ h [ u \ Z x l b a g _ ^ j a _ f e b \

f _ k l Z o b o d h g p _ g l jZ p b b – f _ k l hjh ` ^ _ g b y o � ? k e b f _ k l hj h ` ^ _ g b y

g Z o h ^ y l k y [ e b a d h d i h \ _j o g h k l b � l h p _ e _ k h h [ jZ a g _ _ jZ a jZ [ Z l u \ Z l v b o

h l d j u l u f k i h k h [ h f \ d Z j v _ j Z o . I j_ b f m s _ k l \ h h l d j u l h ] h k i h k h [ Z ^ h [ u q b

i h e _ a g u o b k d h i Z_ f u o – w l h [ h e __ ^ _ r _ \ h _ b [ u k l jh _ g Z e Z ` b \ Z g b _

i j h b a \ h ^ k l \ Z � \ h a f h ` g h k l v b k i h e v a h \ Z l v l _ o g b d m [ h e v r h c f h s g h k l b � Z

l Z d ` _ l h � q l h m k e h \ b y jZ [ h l u a ^ _ k v [ _ a h i Z k g __ b f _ g _ _ \ j_ ^ g u _ � q _ f i h ^

a _ f e _ c � < k e m q Z_ _ k e b f _ k l hjh ` ^ _ g b _ g Z o h ^ b l k y ] e m [ h d h i h ^ ^ j m ] b f b

i h jh ^ Z f b � g _ h [ o h ^ b f h k l jh b l _ e v k l \ h r Z o l �  
I h e _ a g u _ b k d h i Z_ f u _ i h ^ jZ a ^ _ e y x l k h ] e Z k g h Z ] j _ ] Z l g h f m k h k l h y g b x g Z

l \ _j ^ u _ � ] h j x q b c k e Z g _ p � n h k n h j b l � � ` b ^ d b _ � g _ n l v � f b g _ jZ e v g u _ \ h ^ u

�

b ] Z a hh [ j Z a g u _ � i j b j h ^ g u c ] Z a � � i h g Z a g Z q _ g b x b k h k l Z \ m g Z ] hj x q b _

� d Z f _ gg u c b [ m j u c m ] e b � ] h j x q b c k e Z g _ p � � f _ l Z e e b q _ k d b _ � ` _ e _ a g Z y �

f _ ^ g Z y j m ^ u � [ h d k b l u

�

b g _ f _ l Z e e b q _ k d b _ i h e _ a g u _ b k d h i Z _ f u _ ��

I h k e _ ^ g b _ i h ^ j Z a ^ _ e y x l g Z k l j h b l _ e v g u _ f Z l _ j b Z e b � b a \ _ k l g y d � ] jZ g b l ��



] jZ \ b c � i _ k h d � � k h e b � d Z f _ gg Z y � d Z e b c g Z y k h e b � ] b i k � � g Z ^ jZ ] h p _ gg u _ b

^ _ d hj Z l b \ g u _ d Z f g b � Z e f Z a � f Z e Z o b l � f jZ f h j � b ^ j 	 I h e _ a g u _ b k d h i Z_ f u _

q Z s _ b k i h e v a m x l k y \ h [ jZ [ h l Z g g h f \ b ^ _ � i j b q _ f d h g _ q g u _ i jh ^ m d l u f h ] m l

k m s _ k l \ _ g g h h l e b q Z l v k y h l b ko h ^ g u o 	
A Z i Zk u i h e _ a g u o b k d h i Z_ f u o  

h i j_ ^ _ e y x l ] _ h e h ] b \ i jh p _ kk _ i h b k d Z b j Z a \ _ ^ d b 	 D h f b k k b y i h i h e _ a g u f

b k d h i Z_ f u f W k l h g b b h p _ g b \ Z _ l ^ h k l h \ _j g h k l v j Z a \ _ ^ d b f _ k l h jh ` ^ _ g bc b

m l \ _ j ` ^ Z_ l ^ _ l Z e v g h b a m q _ gg u _ a Z i Z k u 	 G _ k f h l j y g Z g _ [ h e v r m x i e h s Z ^ v

b i j h k l h _ ] _h e h ] b q _ k d h _ k l jh _ g b _ W k l h g b y h l g h k b l _ e v g h [ h ] Z l Z i h e _ a g u f b

b k d h i Z_ f u f b d Z d \ h l g h r _ g b b j Z a g hh [ j Z a b y � l Z d b a Z i Z k h \ �  
 
 

= hj x q bc k e Z g _ p  
 

G Z b [ h e _ _ \ Z ` g u f i h e _ a g u f b k d h i Z _ f u f W k l h g bb y \ e y _ l k y ] h j x q bc

k e Z g _ p  – d m d _ j k b l . 
G _ a b \ _ k l g h d h ] ^ Z b d _ f [ u e b h [ g Z j m ` _ g u ] hj x q b _ k \ h c k l \ Z w l h ] h k e Z g p Z ��

I _ j \ h_ i b k v f _ g g h_ m i h f b g Z g b _ [ u e h k ^ _ e Z g h \ �� � 
 ] h ^ m � : 	 W. Hupel).  
< B ^ Z -< b j m f Z Z ^ h [ u q Z k e Z g p Z g Z q Z e Z k v d h ] ^ Z [ u e h l d j u l d Zj v _j I Z \ Z g ^ m k

� ��� � � �� \ E y y g w -< b j m f Z Z k h l d j u l b _ f d Zj v _ jh \ \ < Z g Z f u c a Z � �� � � � � D m d j m k _

� ��� � � b D b \ b u e b � � ��� � 	 I _ j \ h g Z q Z e v g h k e Z g _ p b k i h e v a h \ Z e k y l h e v d h \

d Z q _ k l \ _ l \ _j ^ h ] h l h i e b \ Z i j b i jh b a \ h ^ k l \ _ p _ f _ g l Z � ^e y i Z jh \ h a h \ b \

[ u l m � n h l h � � 	 K Z f u c i _ j \ u c a Z \ h ^ � d h l h j u c i jh b a \ h ^ b e f Z k e h b a

] hj x q _ ] h k e Z g p Z [ u e h k g h \ Z g \ � ��
�� ] 	 < D h o l e Z -Y j \ _ 	 = e Z \ g u f i j h ^ m d l h f

] hj x q _ -k e Z g p _ \ h c i jh f u r e _ gg h k l b [ u e h ` b ^ d h_ l h i e b \ h � i j h i b l h q g h _

f Z k e h b [ _ g a b g g b a d h c f Z j d b � i h [ h q g u f i j h ^ m d l h f [ u e ] Z a �  
G Z q b g Z y k � � 
�� ] h ^ Z ] h j x q bc k e Z g _ p k l Z e b b k i h e v a h \ Z l v \ d Z q _ k l \ _

l h i e b \ Z ^e y w e _ d l jh k l Z g p b c �  

 
N h l h � 	 > h [ u q Z k e Z g p Z \ d Z j v _j _ I Z \ Z g ^ m \ g Z q Z e _ ��� � -o ] h ^ h \ � Z \ l h j

n h l h ] j Z n bb g _ b a \ _ k l _ g �  
 
< u ^ _ e y x l ^ \ Z f _ k l h jh ` ^ _ g b y k e Z g p Z – L Z i Z b W k l h g k d h _ � k o _ f Z � � �

j Z a jZ [ h l d Z g Z ^ Z gg u c f h f _ g l \ _ ^ _ l k y l h e v d h g Z W k l h g k d h f



f _ k l h j h ` ^ _ g bb � K e Z g _ p f _ k l hjh ` ^ _ g b y L Z i Z a Z e _ ] Z_ l h l g h k b l _ e v g h

l h e k l u f b k e h y f b � g h ] e m [ h d h b b f __ l i e h o h _ d Z q _ k l \ h �  

 
K o _ f Z � � J Z k i h e h ` _ g b _ f _ k l hjh ` ^ _ g b c ] hj x q _ ] h k e Z g p Z \ W k l h g k d h ] h  
 
= h j x q b c k e Z g _ p h [ jZ a m _ l g _ i j _ j u \ g u _ k e h b \ k _ \ _ j h -a Z i Z ^ g h c W k l h g bb b

\ E _ g b g ] jZ ^ k d h c h [ e Z k l b J h kk b c k d h c N _ ^ _jZ p bb � h g b i j b m j h q _ g u d

] hj b a h g l m d m d j m a _ \ _j o g _ ] h hj ^ h \ b d Z � ko _ f Z � � � � �  
 

 
K o _ f Z � � K l jZ l b ] j Z n b q _ k d h _ i h ^ j Z a ^ _ e _ g b _ i hjh ^ h j ^ h \ b d Z � Nestor, 2002) 
� K l jZ l b ] jZ n b q _ k d h_ – l � _ � m q b l u \ Z x s _ _ i h k e _ ^ h \ Z l _ e v g h k l v

n hj f b jh \ Z g b y ] hj g u o i hj h ^ �  
 



 
K o _ f Z � � I h ^ jZ a ^ _ e _ g b _ ] h j b a h g l Z d m d j m a _ � Hints, 1997) 
 
I j h f u r e _ g g u c i e Z k l f _ k l hj h ` ^ _ g b y W k l h g k d h ] h h [ j Z a m x l � k e h _ \

d m d _ j k b l Z � A – F1) i j b m j h q _ gg u o d d b \ b u e b k d h c i Z q d _ ] h j b a h g l Z d m d j m k w

� k o _ f Z � � � L h e s b g Z i jh f u r e _ gg h ] h k e h y \ k _ \ _j g h c b \ h k l h q g h c q Z k l b

f _ k l h j h ` ^ _ g b y k h k l Z \ e y _ l � � � – � � � f � n h l h � � b m f _ g v r Z_ l k y g Z x ] b

a Z i Z ^ �  

 
K o _ f Z � � K l jh_ g b _ i jh f u r e _ g g h ] h i e Z k l Z � . D WWD L � �� � � �  
 
= h j x q b c k e Z g _ p - d m d _ j k b l i j_ ^ k l Z \ e y _ l k h [ h c k e h b k l m x ] hj g m x i h jh ^ m

h k Z ^ h q g h ] h i j h b ko h ` ^ _ g b y � d h l h jZ y k n hj f b jh \ Z e Z k v a Z k q _ l k d h i e _ g b y

h j ] Z g b d b \ f _ e d h \ h ^ g h f f hj _ w i h o b hj ^ h \ b d Z � K h ^ _j ` Z g b _ hj ] Z g b q _ k d h ] h



\ _ s _ k l \ Z � d _ jh ] _ g Z � \ d m d _j k b l _ d h e _ [ e _ l k y \ i j_ ^ _ e Z o h l ��� ^ h � � � ��

k h ^ _j ` Z g b _ d Z j [ h g Z l h \ � b a \ _ k l g y d � ^ h e h f b l � h l ��� ^ h �� � b h [ e h f h q g h ] h

f Z l _j b Z e Z � ] e b g Z � Z e _ \ j b l � h l ��� ^ h �� � �  
K d _ j h ] _ g h f k \ y a Z g h d Z q _ k l \ h b k \ h c k l \ h d m d _ j k b l Z d Z d ] hj x q _ ] h i h e _ a g h ] h

b k d h i Z_ f h ] h � B k l h q g b d h f w l h ] h hj ] Z g b q _ k d h ] h \ _ s _ k l \ Z [ u e b k b g _ -a _ e _ g u _

\ h ^ hj h k e b � p b Z g h [ Z d l _j b b � Gleocapsamorpha prisca Zalesski � d h l hj u _ \

h ] jh f g h f d h e b q _ k l \ _ g Z k _ e y e b f h j _ l h ] h \ j _ f _ g b � B a \ _ k l d h \ Z y

f b g _jZ e v g Z y k h k l Z \ e y x s Z y h [ j Z a h \ Z g Z i j _ b f m s _ k l \ _ gg h b a \ _ k l d h \ u f b

j Z d h \ b g Z f b f h j k d b o hj ] Z g b a f h \ b b o h [ e h f d Z f b � n h l h � � �  

 
N h l h � � I h p \ _ l m k e Z g _ p \ Zj v b j m _ l h l l _ f g h - ^ h ` _ e l h \ Z l h -d h j b q g _ \ h ] h � b

\ k _ ] ^ Z l _ f g _ _ q _ f b a \ _ k l g y d  

 
N h l h � � R Z o l Z \ D h o l e Z -G u ff _  – i jh f u r e _ gg u c i e Z k l  

   



N h l h � � H [ h ] Z l b l _ e v g Z y r Z o l Z D h o l e Z -G u ff _ � Z  b ] h jZ i m k l h c i h jh ^ u � [ � �

< � !"!�# ] h ^ m i jh b a \ h ^ k l \ h \ r Z o l _ D h o l e Z -G u ff _ [ u e h i j _ d j Z s _ g h b \

r Z o l _ [ u e h l d j u l f m a _ c (Kohtla kaevanduspark-muuseum)   

 
N h l h � � > h [ u q Z k e Z g p Z h l d j u l u f k i h k h [ h f \ d Z j v _ j_ \ D h o l e Z -G u ff _  
 
; h e v r Z y q Z k l v ^ h [ u \ Z _ f h ] h ] hj x q _ ] h k e Z g p Z i h l j _ [ e y _ l k y

l _ i e h w e _ d l jh k l Z g p b y f b � $"! – � � � � % o b f b q _ k d h c i jh f u r e _ gg h k l v x � � & – 
� � �  b p _ f _ g l g u f i j h b a \ h ^ k l \ h f � # – � � � �� W e _ d l jh k l Z g p bb \ B ^ Z -< b j m f Z Z

^ Z x l [ h e v r m x q Z k l v g _h [ o h ^ b f h c ] h k m ^ Zj k l \ m w e _ d l j h w g _ j ] b b � B a -a Z

[ h e v r h ] h k h ^ _ j ` Z g b y f b g _j Z e v g h ] h \ _ s _ k l \ Z \ k e Z g p Z o l j Z g k i h j l b jh \ d Z

b o g Z ^ Z e v g b _ jZ k k l h y g b y k _ [ y g _ h i j Z \ ^ u \ Z_ l % b i h w l h f m [ h e v r b g k l \ h

i h l j_ [ b l _ e _ c g Z o h ^ b l k y \ [ e b a b d f _ k l Z f j Z a j Z [ h l d b � k o _ f Z � � ��  

 
K o _ f Z � � J m ^ g b d b ] hj x q _ ] h k e Z g p Z h [ s _ ] h k m ^ Z j k l \ _ gg h ] h g Z a g Z q _ g b y \

� � !�# ] h ^ m  
 



> h [ u q Z h l d j u l u f k i h k h [ h f b ^ _ l \ : b ^ m ' G Zj \ _ b D h o l e Z -G u ff _ � n h l h � '

� � ( K b f _ x s _ c k y g Z k _ ] h ^ g y r g b c ^ _ g v d Zj v _ j g h c l _ o g b d h c \ h a f h ` g h

^ h [ u \ Z l v k e Z g _ p k ] e m [ b g u ^ h � ) f ( I h ^ a _ f g u f k i h k h [ h f � \ r Z o l Z o *

k e Z g _ p ^ h [ u \ Z x l \ l h c q Z k l b f _ k l h jh ` ^ _ g b y ' d h l hjZ y g Z o h ^ b l k y d x ] m h l

Cu o \ b ' ] ^ _ i j h f u r e _ g g u c i e Z k l a Z e _ ] Z_ l \ i j_ ^ _ e Z o +,) – � ) f ( L Z f  
g Z o h ^ b l k y ^ \ _ k Z f u o d j m i g u o r Z o l u - © Estonia . b © Viru». < ��� / ] h ^ m [ u e h

i j h b a \ _ ^ _ g h /"/102+,)3) � ) l h g g k e Z g p Z b � +,43)")") l h gg k e Z g p _ \ h ] h f Z k e Z �  
 
 

I j b jh ^ g u _ k l jh b l _ e v g u _ f Z l _j b Z e u  
 
W k l h g b y h l g h k b l _ e v g h [ h ] Z l Z i j b jh ^ g u f b k l jh b l _ e v g u f b f Z l _j b Z e Z f b ��

I j Z \ ^ Z k j _ ^ b g b o g _ l h k h [ h \ u k h d h d Z q _ k l \ _ g g u o \ b ^ h \ k u j v y ' g h k i b k h d

\ i h e g _ i j b ] h ^ g u o f Z l _j b Z e h \ ^ h \ h e v g h r b jh d - i e b l g y d � b a \ _ k l g y d b

^ h e h f b l � ' ] j Z \ b c ' i _ k h d ' ] e b g Z b ] j Z g b l ( I h k e _ ^ g b c i j _ ^ k l Z \ e _ g \

h k g h \ g h f e _ ^ g b d h \ u f b � _jj Z l b q _ k d b f b * \ Z e m g Z f b ' \ Z e m gg u f b i h e y f b b

h ^ b g h q g u f b [ m e u ` g b d Z f b �  
 
I e b l g y d  
 
I e b l g y d – w l h h [ s __ g Z a \ Z g b _ ^ e y d Z j [ h g Z l g u o i hjh ^ ' l Z d b o d Z d b a \ _ k l g y d '

^ h e h f b l b f _j ] _ e v ( H g b y \ e y x l k y h l e h ` _ g b y f b ^ j_ \ g _ ] h f h j y ' d h l h j u _

[ u e b k p _ f _ g l b jh \ Z g u d Zj [ h g Z l g u f b k h_ ^ b g _ g b y f b o b f b q _ k d b f b e b

[ b h e h ] b q _ k d b f i m l _ f ( H ^ g Z b a g Z b [ h e __ q Z k l h \ k l j _ q Z x s b ok y

j Z a g h \ b ^ g h k l _ c i e b l g y d Z – b a \ _ k l g y d ' h g f h ` _ l \ Zj v b jh \ Z l v h l [ _ e h ] h b e b

` _ e l h \ Z l h -k _ jh ] h ^ h a _ e _ g h \ Z l h ] h ( ; h e v r b g k l \ h ^ h e h f b l h \ \ h a g b d e h

i m l _ f ^ h e h f b l b a Z p bb b a \ _ k l g y d Z ' i j b d h l hjh c d Z e v p b l [ u e a Z f _ s _ g

d Z e v p b l -f Z ] g b _ \ h c k h e v x  – ^ h e h f b l h f � CaMg[CO3]). Q b k l u c ^ h e h f b l

\ k l j _ q Z_ l k y j_ ` _ q _ f ^ h e h f b l b a b j h \ Z g u c b a \ _ k l g y d �  
B a \ _ k l g y d ' b k i h e v a m _ f u c \ k l j h b l _ e v k l \ _ ' ^ h e ` _ g [ u l v k l h c d b f d

d e b f Z l b q _ k d b f m k e h \ b y f � f jh a h k l h c d h k l v � ' Z l Z d ` _ b f _ l v o hj h r m x

m i j m ] h k l v ' m k l h c q b \ h k l v d m ^ Z jZ f b b a g h k h k l h c d h k l v ( L Z d b f l j _ [ h \ Z g b y f

h l \ _ q Z _ l l Z d g Z a u \ Z_ f u c k l j h b l _ e v g u c b a \ _ k l g y d i j b m j h q _ g g u c d

] hj b a h g l Z f mo Z d m b e Z k g Z f y _  k j _ ^ g _ ] h h j ^ h \ b d Z � ko _ f Z � � ' d h l hj u c

b k i h e v a m _ l k y i h \ k _ c W k l h g b b ( < i j_ ^ _ e Z o w l b o ^ \ m o ] h j b a h g h \ d Z f _ g s b d b

i j h r e u o k l h e _ l bc jZ a e b q Z e b [ h e __ 4") k e h _ \ i hjh ^ u 5 D Z ` ^ u c k e h c b f _ e

k \ h_ g Z a \ Z g b _ ' d h l hjh _ o Z jZ d l _j b a h \ Z e h _ ] h k \ h c k l \ Z b ' l _ f k Z f u f ' _ ] h

i j b f _ g _ g b _ ( > Z e _ d h g _ \ k _ k e h b [ u e b i j b ] h ^ g u ^ e y i h e m q _ g b y

k l jh b l _ e v g h ] h d Z f g y ( K Z f u f b b a \ _ k l g u f b d Zj v _jZ f b g Z k _ ] h ^ g y r g bc ^ _ g v

y \ e y x l k y O Zj d m ' < y h �� F Z Zj ^ m b D m g ^ Z -: j m � E u m g Z -: j m *76 n h l h � ' � � �  



 
N h l h � 8 < D m g ^ Z -: j m k d h f d Zj v _j_ ^ h [ u \ Z x l b a \ _ k l g y d 9 y \ e y x r b c k y k u j v _ f

^e y p _ f _ g l Z  

 
N h l h � 8 < u \ h a b a \ _ k l g y d Z b a d Z j v _j Z O Z j d m 
 
> h k _ ] h ^ g y r g _ ] h ^ g y k h o j Z g b e h k v f g h ` _ k l \ h k l j h _ g b c b a i e b l g y d Z ��

g Z ^ ] j h [ b y 9 d Z f _ g g u _ h ] jZ ^ u 9 d j _ i h k l g u _ k l _ g u 9 ` b e u _ ^ h f Z b

i j h f u r e _ g g u _ a ^ Z g b y b l �� i 8 � n h l h � � �  



  
N h l h � : K l j h_ g b y b a i e b l g y d Z \ L Z e e b g _  
 
K _ ] h ^ g y \ d Z q _ k l \ _ f h g h e b l g h ] h k l _ gg h ] h d Z f g y i e b l g y d b k i h e v a m _ l k y \ k _

` _ ^ h e \ h e v g h j_ ^ d h ; \ h k g h \ g h f i j b i h k l jh c d _ n m g ^ Z f _ g l h \ b

^ _ d hjZ l b \ g u o k l _ g < Z l Z d ` _ i j b j _ k l Z \ jZ p bb k l Z j u o a ^ Z g bc : N b a b q _ k d b _

k \ h c k l \ Z b a \ _ k l g y d Z � g b a d Z y i h j b k l h k l v b b a -a Z w l h ] h \ u k h d Z y

l _ i e h i jh \ h ^ g h k l v = g _ h l \ _ q Z x l k h \ j _ f _ g g u f l j_ [ h \ Z g b y f d k l jh b l _ e v g u f

f Z l _j b Z e Z f < i h w l h f m e m q r b _ k hj l Z i e b l g y d Z \ [ h e v r h f d h e b q _ k l \ _ b ^ m l

g Z i j h b a \ h ^ k l \ h s _ [ g y : S _ [ _ g v b ^ _ l g Z i j b ] h l h \ e _ g b _ [ _ l h g Z < Z k n Z e v l -
[ _ l h g Z b ` _ e _ a h [ _ l h g Z < g Z k l jh b l _ e v k l \ h ^ hj h ] b l : i : < W k l h g b b

i j h b a \ h ^ b l k y ^ h g _ k d h e v d b o f b e e b h g h \ f
3

s _ [ g y \ ] h ^ � k o _ f Z � � :  
> e y i j h b a \ h ^ k l \ Z s _ [ g y < d jh f _ m i h f y g m l h ] h l j Z ^ b p b h g g h ] h k l jh b l _ e v g h ] h

d Z f g y < b k i h e v a m x l k y l Z d ` _ i h j h ^ u ^ j m ] b o ] h j b a h g l h \ : L Z d

w d k i e m Z l b j m _ f u _ f _ k l h j h ` ^ _ g b y h [ s _ ] h k m ^ Zj k l \ _ gg h ] h g Z a g Z q _ g b y

g Z o h ^ y l k y \ < Z k Z e _ ff Z � b a \ _ k l g y d hZ g ^ mk d h ] h ] hj b a h g l Z � < \ K _ i Z d x e Z ��

H j ] b l Z b H l b k Z Z j_ � > D Z e Z g Z =@? b a \ _ k l g y d b b ^ h e h f b l u j Z c d d x e Z k d h ] h

] hj b a h g l Z � < \ < u o f m l Z b D Z j b g m � b a \ _ k l g y d x m j m k d h ] h ] hj b a h g l Z = b \

D m j w \ _ j w � b a \ _ k l g y d b y Z ] Zj Z o m k d h ] h ] hj b a h g l Z � : < � A"A7B ] h ^ m g Z k u j v _ ^ e y

p _ f _ g l Z [ u e h ^ h [ u l h � � C � A"A f
3

b a \ _ k l g y d Z <EDEBGF"A"A f
3

l _ o g h e h ] b q _ k d h ] h

b a \ _ k l g y d Z < �� FHC"A"A f
3

k l jh b l _ e v g h ] h b a \ _ k l g y d Z <IC"A"A f
3

h l ^ _ e h q g h ] h

^ h e h f b l Z b � B JGB�A"A f
3

k l j h b l _ e v g h ] h ^ h e h f b l Z �  
> e y k l _ d h e v g h c i j h f u r e _ g g h k l b l Z d ` _ g m ` _ g i e b l g y d \ u k h d h c k l _ i _ g b

q b k l h l u < b b f _ g g h ^ h e h f b l < g h \ W k l h g bb i j Z d l b q _ k d b g _ l i h jh ^ u d h l hj Z y

[ u \ i h e g h c k l _ i _ g b h l \ _ q Z e Z l j _ [ h \ Z g b y f : ; u e Z i j _ ^ i j b g y l Z i h i u l d Z

b k i h e v a h \ Z l v ^ h e h f b l u b a O _ e e Z f Z Z g Z h : O b b m f Z Z b j Z a g h \ b ^ g h k l b

^ h e h f b l h \ b a : g _ e v f Z \ k _ \ _j g h c q Z k l b I y j g m f Z Z : E v \ b g Z y ^ h e y

l _ o g h e h ] b q _ k d h ] h b a \ _ k l g y d Z i h l j_ [ e y _ l k y p _ f _ g l g h c i j h f u r e _ g g h k l v x



� a �� KLK"K"K f
3

\ ] h ^ � M ^ j m ] b _ \ b ^ u i j h b a \ h ^ k l \ Z i h l j_ [ e y x l \ ] h jZ a ^ h

f _ g v r b o d h e b q _ k l \ Z o � \ k _ ] h a � K � � K f
3). 

 
K o _ f Z � N H [ s _ ] h k m ^ Zj k l \ _ gg u _ f _ k l h j h ` ^ _ g b y b a \ _ k l g y d Z b ^ h e h f b l Z � i h

^ Z g g u f EGK) 
 
 

= j Z g b l  
 
= j Z g b l y \ e y _ l k y p _ gg u f k l j h b l _ e v g u f f Z l _j b Z e h f N B a -a Z i j h q g h k l b b

f h j h a h k l h c d h k l b ] j Z g b l Z M b a ] h l h \ e _ g g u c b a g _ ] h s _ [ _ g v h k h [ _ gg h p _ g b l k y

\ ^ hjh ` g h f k l j h b l _ e v k l \ _ M Z l Z d ` _ d Z d g Z i h e g b l _ e v [ _ l h g Z ��

B a ] h l h \ e _ gg u _ b a ] j Z g b l Z k l m i _ g b M [ h j ^ x j u b k d m e v i l m j u h [ e Z ^ Z x l

\ u k h d h c i jh q g h k l v x � n h l h � � �  
< W k l h g bb ] j Z g b l g _ \ u o h ^ b l g Z i h \ _ j o g h k l v b i h w l h f m \ k l j h b l _ e v k l \ _ b

^e y i jh b a \ h ^ k l \ Z s _ [ g y b k i h e v a h \ Z e b k v e _ ^ g b d h \ u _ \ Z e m g u N < i h k e _ ^ g _ _

\ j _ f y \ Z e m g u [ h e __ g _ b k i h e v a m x l k y \ i jh f u r e _ g g h k l b �  



  
N h l h � O I Z f y l g b d b a ] j Z g b l Z \ L Zj l m P \ i Z j d _ < Z g _ f m b k _  
 
 

= e b g Z  
 
= e b g Z – w l h k Z f Z y f _ e d h a _j g b k l Z y q Z k l v b a h [ e h f h q g u o h l e h ` _ g b c O H g Z

k h k l h b l i j _ b f m s _ k l \ _ gg h b a ] e b g b k l u o f b g _ j Z e h \ P q Z k l b p u d h l h j u o b f _ x l

j Z a f _j u f _ g _ _ � � � Q ff O O Z jZ d l _ j g u f b k \ h c k l \ Z f b ] e b g u y \ e y x l k y

i e Z k l b q g h k l v b e _ i d h k l v P i j b h [ ` b ] _ i e Z k l b q g Z y f Z k k Z i j b h [ j _ l Z _ l

l \ _j ^ h k l v O W l h b h i j _ ^ _ e y _ l h k g h \ g m x h [ e Z k l v b k i h e v a h \ Z g b y ] e b g u ��

d h l h j h c y \ e y _ l k y d _j Z f b d Z P ] ^ _ b a ] e b g u b a ] h l h \ e y x l d b j i b q b P ^ j _ g Z ` g u _

l j m [ u �� q _j _ i b p m P i h k m ^ m b l O ^ �� = e b g Z y \ e y _ l k y l Z d ` _ h k g h \ g u f k u j v _ f ^ e y

p _ f _ g l Z b k l _ d h e v g h c i j h u r e _ g g h k l b O < W k l h g bb b k i h e v a m x l k y

d _ f [ j b c k d b _ ] e b g u � k _ \ O W k l h g b y � P ^ _ \ h g k d b _ ] e b g u b ] e b g u q _ l \ _j l b q g h ] h

i _ j b h ^ Z k h \ k _ c W k l h g bb O D _ f [ j b c k d b _ k b g b _ ] e b g u b ^ _ \ h g k d b _ ] e b g u

h [ e Z ^ Z x l e m q r b f b k \ h c k l \ Z f b P q _ f g _h ^ g hjh ^ g u _ ] e b g u q _ l \ _ j l b q g h ] h

i _ j b h ^ Z O < k l Z j b g m \ W k l h g b b [ u e h f g h ] h f _ k l g u o d b j i b q g u o a Z \ h ^ h \ P ] ^ _

\ j m q g m x b a ] h l h \ e y e b \ u k h d h d Z q _ k l \ _ gg u c d b j i b q O B a ] h l h \ e y e Z k v l Z d ` _

q _ j_ i b p Z �  
< p _ f _ g l g h f i j h b a \ h ^ k l \ _ b k i h e v a m x l k y \ h k g h \ g h f f hj k d b _ ] e b g u

e h g l h \ Z k d h c k \ b l u g b ` g _ ] h d _ f [ j b y P d h l h j u _ h [ g Z ` Z x l k y \ h k l h q g _ _

L Z e e b g Z \ i j _ ^ ] e b g l h \ h c q Z k l b N b g k d h ] h a Z e b \ Z O < a h g _ h [ g Z ` _ g b y ] e b g u

b f _ x l a _ e _ g h \ Z l h -k _ j u c p \ _ l � l O g O © k b g y y ] e b g Z ª � P ] e m [ ` _ \ k l j _ q Z x l k y

h l ^ _ e v g h k l b k n b h e _ l h \ h -d h j b q g _ \ u f h l l _ g d h f � n h l h �� � �  



  
N h l h � � R J Z a e b q g h h d jZ r _ g g Z y e h g l h \ Z k d Z y k b g yy ] e b g Z b a d Zj v _jZ AS 
Kunda Nordic Tsement “Mereäärne” 
 
I j _ b f m s _ k l \ h b k i h e v a h \ Z g b y k b g b o ] e b g – b o g _ h ] j Z g b q _ gg u _ a Z i Z k u ��

i h k l h y g k l \ h k h k l Z \ Z g Z i j h l y ` _ g b b f g h ] b o d b e h f _ l jh \ b q _j _ a \ u q Z c g Z y

l h e s b g Z k e h y � � S f � R < k _ w l h ^ _ e Z_ l h l e h ` _ g b y ] e b g e _ ] d h ^ h k l m i g u f b ^ e y

j Z a jZ [ h l d b  � n h l h � 1� R < D m g ^ Z p _ f _ g l i jh b a \ h ^ b l k y g Z q b g Z y k d h g p Z � � � 0-o

] h ^ h \ R < e Z ^ _ e _ p d m g ^ Z k d h c f u a u John Girard de Soucanton [ u e

a Z b g l _j_ k h \ Z g \ \ h a f h ` g h k l b i j h b a \ h ^ b l v p _ f _ g l b a f _ k l g h ] h f _ j ] _ e y b

k b g _ c ] e b g u R < ��� S ] h ^ m i h ^ _ ] h g Z q Z e h f [ u e b i jh b a \ _ ^ _ g u i _ j \ u _ l h g g u

p _ f _ g l Z R < ��� T ] h ^ m [ u e Z a Z \ _ j r _ g Z m a d hj_ e v k h \ Z y ` _ e _ a g Z y ^ hjh ] Z U

d h l h j Z y k h _ ^ b g b e Z i j_ ^ i j b y l b _ k i h j l h f U Z \ i j h f _ ` m l d _ k ��� V i h � W"X"W ] h ^

[ u e i h k l j h _ g _ s _ h ^ b g l Z d h c a Z \ h ^ R G Z q b g Z y k � � X"Y ] h ^ Z g Z ] e b g y g u o

j Z a jZ [ h l d Z o b k i h e v a h \ Z e b k v m ` _ i Zjh \ u _ f Z r b g u U d l h f m ` _ ] h ^ m

k h hj m ` _ g Z ] b ^ jh w e _ d l jh k l Z g p b y � k Z f Z y i _j \ Z y \ W k l h g b b � �� < � � S"S ] h ^ m ^e y

p _ f _ g l g h ] h k u j v y [ u e h ^ h [ u l h Y"Z3Z"S"S f
3

] e b g u �  

 
N h l h � � R < u \ h a ] e b g u b a d Z j v _ j Z  “Mereäärne” g Z a Z \ h ^ AS Kunda Nordic 
Tsement 
 



O h l y d _ f [ j bc k d b _ ] e b g u i j b g Z ^ e _ ` Z l d e _ ] d h i e Z \ d b f ] e b g Z f � tº i e Z \ e _ g b y

<1380 ºC� [ ^ h e ] h \ j _ f _ g g u c h i u l b o h [ jZ [ h l d b h [ _ k i _ q b \ Z_ l i j h ^ m d l Z f

l j _ [ m _ f h_ d Z q _ k l \ h \ K _ ] h ^ g y k l j h b l _ e v g m x d _ j Z f b d m b a © k b g b o ] e b g ]

i j h b a \ h ^ y l l h e v d h g Z : a _ j b k d b o n Z [ j b d Z o � d b j i b q b �� q _j _ i b p Z � �� < � � ^"^ ] h ^ m

[ u e h i jh b a \ _ ^ _ g h _"̀ba � ^ f
3

d _ j Z f b q _ k d h c ] e b g u  � k o _ f Z 7).  
G _ f g h ] h ^ j m ] b _ b g _ k d h e v d h e m q r _ ] h d Z q _ k l \ Z � l Z d ` _ [ h e __ h ] g _ m i hj g u _ – 
l m ] h i e Z \ d b _ ��� ^ – 1450 ºC c h l e h ` _ g b y ] e b g u g Z o h ^ y l k y g Z l _ j j b l hj b b

x ` g h c W k l h g bb b k \ y a Z g u k h k j _ ^ g _ -^ _ \ h g k d b f b i _ k q Z gg b d Z f b ] h j b a h g l h \

Z j m d x e Z [ [ m j l g b _ d b b e b ] Z m y \ = e b g u a ^ _ k v h [ j Z a m x l e b g a h \ b ^ g u _ l _ e Z ��

d h l hj u _ f _ k l Z f b i _ j _ k e Z b \ Z x l k y i _ k q Z g b k l u f b k e h y f b [ q l h ^ _ e Z_ l

h k \ Z b \ Z g b _ w l b o f _ k l hj h ` ^ _ g b c [ h e _ _ k e h ` g u f [ b i h w l h f m h g b i h ^ h r e b

[ u [ h e v r _ ^e y b k i h e v a h \ Z g b y f _ e d b f b i j h b a \ h ^ b l _ e y f b \ K _ c q Z k w l b

] e b g u g _ b k i h e v a m x l k y \ K j _ ^ b x ` g h -w k l h g k d b o ] e b g i j_h [ e Z ^ Z x l

a _ e _ g h \ Z l u _ [ d jZ k g h -d h j b q g b \ u _ b e b i _ k l j h p \ _ l g u _ jZ a g h \ b ^ g h k l b [ h g b

e _ ] d h i e Z \ d b b i h ^ o h ^ y l e b r v ^e y b a ] h l h \ e _ g b y d b j i b q _ c \ < h ^ b g h q g u o

f _ k l h j h ` ^ _ g b y o \ k l j_ q Z x l k y l Z d ` _ ] e b g u [ k h ^ _j ` Z s b _ a g Z q b l _ e v g m x

i j b f _ k v d Zh e b g b l Z b h l g h k y s b _ k y d d Z l _ ] h j bb l m ] h i e Z \ d b o ] e b g \ G h h [ s bc

g b a d b c m j h \ _ g v d _ jZ f b q _ k d h c i jh f u r e _ gg h k l b g _ [ e Z ] h i j b y l k l \ m _ l b o

b k i h e v a h \ Z g b x �  
K j _ ^ b ] e b g q _ l \ _ j l b q g h ] h i _j b h ^ Z � e _ g l h q g u _ ] e b g u b f h j _ gg u _ ] e b g u c

h k h [ _ g g u f d Z q _ k l \ h f h l e b q Z x l k y : j m f _ l k Z k d b _ ] e b g u [ g Z o h ^ y s b _ k y [ e b a

O y y ^ w f _ k l _ \ I y j g m f ZZ  � n h l h � 2� \ W l Z d hj b q g _ \ Z y ] e b g Z [ d h l h j Z y

g Z d h i b e Z k v \ e h ` [ b g _ i h k j _ ^ b i _ k q Z gg b d h \ Z j m d x e Z k d h ] h ] h j b a h g l Z ��

h l g h k b l k y d e _ ] d h i e Z \ d b f b i j b [ u k l jh f h [ ` b ] _ h q _ g v k b e v g h \ k i m q b \ Z _ l k y  
� n h l h � 3� \ I h w l h f m b a g _ _ ^ _ e Z x l d _ jZ f a b l – h q _ g v e _ ] d bc [

] jZ \ b _ i h ^ h [ g u c f Z l _j b Z e � d h l h j u c b k i h e v a m x l \ d Z q _ k l \ _ g Z i h e g b l _ e y

[ _ l h g Z  � n h l h � 4� \ K �� � d ] h ^ Z g Z i j _ ^ i j b y l b b \ h a e _ O y y ^ w f __ k l w d jh f _

d _ jZ f a b l Z i j h b a \ h ^ y l _ s _ b d _j Z f a b l g u _ [ e h d b �  

 
N h l h 12 \ > h [ u q Z ] e b g u \ d Z j v _ j _ \ : j m f _ l k Z  



 
N h l h 13 e : j m f _ l k Z k d Z y d hj b q g _ \ Z y f k h k \ h c k l \ h f k b e v g h ] h \ k i m q b \ Z g b y

] e b g Z  
  

  
N h l h 14 e J Z a g u _ n j Z d p b b d _j Z f a b l Z �  
 
E _ g l h q g u _ ] e b g u l Z d ` _ i h ^ o h ^ y l ^ e y i jh b a \ h ^ k l \ Z d b j i b q _ c b d _ j Z f a b l Z ��

g h b o b k i h e v a h \ Z g b _ a Z l j m ^ g _ g h [ h e v r b f k h ^ _j ` Z g _ f \ e Z ] b b

d Z j [ h g Z l g u o i j b f _ k _ c  � n h l h � 5, 16). 



 
N h l h 15 g > h [ u q Z ] e b g u ^e y a Z \ h ^ Z \ < zzj f Z gg b h \ � i�j�k ] h ^ m h \ L x j b k d h f

i j b o h ^ _ h \ ^ _ j_ \ g _ E h d m l Z � b a Zj o b \ Z L Z j l m k d h ] h F m a _ y = _h e h ] b �  

 
N h l h 16 g E _ g l h q g u _ ] e b g u h h l e Z ] Z \ r b _ k y \ i j b e _ ^ g b d h \ h f h a _ j _

q _ l \ _ j l b q g h ] h i _j b h ^ Z  
 
F hj _ gg u _ ] e b g u b f _ x l h ] jZ g b q _ g g h_ jZ k i j h k l j Z g _ g b _ b a Z q Z k l m x

k h ^ _ j ` Z l f g h ] h i j b f _ k _ c b a -a Z q _ ] h i e h o h i h ^ o h ^ y l ^ e y b k i h e v a h \ Z g b y �  



 
K o _ f Z 7 l = e b g y g u _ f _ k l hjh ` ^ _ g b y h [ s _ ] h k m ^ Z j k l \ _ gg h ] h g Z a g Z q _ g b y m

: a _j b �� D m g ^ Z n D Z ee Z \ _j_ � X e v ] Z a w o b : j m f _ l k Z � ^ Z gg u _ EGK 2002) 
 
 

= j Z \bc b i _k h d  
 
= j Z \ b c b i _ k h d – r b j h d h b k i h e v a m _ f u _ i h e _ a g u _ b k d h i Z _ f u _ n d h l hj u _

\ k l j _ q Z x l k y i h q l b i h \ k _ c W k l h g bb l = _ g _ l b q _ k d b h g b i j b g Z ^ e _ ` Z l d

h [ e h f h q g u f h k Z ^ d Z f n d h l hj u _ [ u e b h l e h ` _ g u \ _ l jh f n e _ ^ g b d h f b � b e b

k l h q g u f b \ h ^ Z f b l H [ e h f h q g u _ h l e h ` _ g b y \ k l j_ q Z x l k y k j _ ^ b h l e h ` _ g b c

\ k _ o ] _h e h ] b q _ k d b o w i h o l > e y b k i h e v a h \ Z g b y [ _ j_ l k y q Z s _ \ k _ ] h l _ n

i j b m j h q _ g g u _ d q _ l \ _ j l b q g h c l h e s _ ] j Z \ bc b i _ k h d n d h l h j u _ [ u e b

h [ j Z a h \ Z g u \ j _ a m e v l Z l _ ^ _ y l _ e v g h k l b l Z e u o e _ ^ g b d h \ u o \ h ^ n l Z d d Z d

\ k l j _ q Z x s bc k y k j_ ^ b [ h e __ ^ j _ \ g b o h l e h ` _ g b c b e b h [ jZ a h \ Z g u c ^ j m ] b f

i m l _ f i _ k h d k e b r d h f f _ e d h a _ j g b k l u c b g _ k h h l \ _ l k l \ m _ l l j_ [ m _ f h c \

k l jh b l _ e v k l \ _ \ _ e b q b g _ a _j g Z �  
 
I _ k h d   - w l h f _ e d h h [ e h f h q g u c � a _ j g h prq ff o h k Z ^ h d n k h k l h y s b c \

h k g h \ g h f b a q Z k l b p f b g _ j Z e h \ � d \ Z j p n i h e _ \ h c r i Z l n k e x ^ Z n ] e Z m d h g b l b

^ j � � n ] j Z \ bc n g Z i j h l b \ – ] j m [ hh [ e h f h q g u c h k Z ^ h d � a _j g h s � ff � n d h l hj u c

k h k l h b l b a ] Z e v d b n \ Z e m g h \ b h d Z l Z g g u o f b g _ j Z e v g u o q Z k l b p

w j h ^ b j h \ Z g g u o f Z ] f Z l b q _ k d b o n f _ l Z f hj n b q _ k d b o b h k Z ^ h q g u o i h j h ^ � n h l h

17) 



 
N h l h � 7 t = j m [ h h [ e h f h q g u c ] jZ \ bc u h [ jZ a h \ Z \ r bc k y \ q _ l \ _j l b q g m x w i h om  
 
K l _ d h e v g u c b n hj f h \ h q g u c i _ k h d  
 
L _ o g h e h ] b q _ k d b c i _ k h d � i _ k q Z g b d v h [ j Z a h \ Z e k y \ ^ _ \ h g k d m x w i h o m t < l Z d h f

i _ k d _ k h ^ _j ` Z g b _ d \ Z j p Z ^ h e ` g h [ u l v i h d jZ c g _ c f _j_ �� � u g _ [ h e _ _

0,6% Fe2O3 b g _ [ h e _ _ � w Al2O3. H k h [ h _ f _ k l h k j _ ^ b k l jh b l _ e v g h ] h i _ k d Z

a Z g b f Z _ l k l _ d h e v g u c i _ k h d u d h l hj u c ^ h e ` _ g [ u l v h k h [ _ gg h q b k l u f t

G Z i j b f _ j ^ e y i h e m q _ g b y i jh a jZ q g h ] h k l _ d e Z k h ^ _ j ` Z g b _ Fe2O3 g _ ^ h e ` g h

j i _ \ u r Z l v � � x – � � � � t L Z d h c i _ k h d \ W k l h g b b \ k l j _ q Z_ l k y e b r v \ d hj_ g g u o

i h jh ^ Z o b \ i _j \ m x h q _j_ ^ v w l h ] Z m y k d b c ] h j b a h g l k j_ ^ g _ ] h ^ _ \ h g Z ��

B a \ _ k l g h ^ \ Z f _ k l h j h ` ^ _ g b y u i j b m jh q _ gg u o d w l h f m ] h j b a h g l m – w l h I b m a Z

b D Z d m � k o _ f Z 8). 
D Z q _ k l \ h k l _ d h e v g h ] h i _ k d Z f h ` g h g _ k d h e v d h m e m q r b l v a Z k q _ l i jh f u \ d b ��

m ^ Z e b \ l Z d b f h [ jZ a h f q Z k l b q d b ] e b g u b l y ` _ e u _ f b g _ jZ e u �  
< i h k e _ ^ g __ \ j_ f y ^ e y d _ jZ f b q _ k d h c  i j h f u r e _ g g h k l b i _ k h d g _

^ h [ u \ Z _ l k y u \ �� � y ] h ^ m [ u e h ^ h [ u l h � zb{�y"y f
3

l _ o g h e h ] b q _ k d h ] h i _ k d Z �  
 
K l j h b l _ e v g u c i _ k h d b ] j Z \ bc  
 
= j Z \ b c b i _ k h d b k i h e v a m _ l k y \ h f g h ] b o h [ e h k l y ] b u \ a Z \ b k b f h k l b h l w l h ] h ��

b f i j _ ^ t y \ e y x l k y jZ a e b q g u _ k l Z g ^ Z j l g u _ l j_ [ h \ Z g b y �  
H k g h \ g h _ i h l j _ [ e _ g b _ i _ k d Z – \ k l jh b l _ e v k l \ _ u ] ^ _ _ ] h b k i h e v a m x l ^ e y

i j b ] h l h \ e _ g b y j Z k l \ hj Z u [ _ l h g Z u ` _ e _ a h [ _ l h g Z u d Z d g Z i h e g b l _ e v

Z k n Z e v l Z u ^e y b a ] h l h \ e _ g b y k b e b d Z l g u o i j h ^ m d l h \ u i j b k l jh b l _ e v k l \ _

^ h j h ] b l t i t H [ e Z k l v i j b f _ g _ g b y ] jZ \ b y [ h e _ _ h ] j Z g b q _ g Z | d Z d

g Z i h e g b l _ e v [ _ l h g Z u \ ^ hjh ` g h f k l j h b l _ e v k l \ _ u ^e y ` � -^ t g Z k u i _ c b ^ j �  
I _ k h d b ] j Z \ bc \ h k g h \ g h f k \ y a Z g u k h [ j Z a h \ Z g b y f b u k n h j f b j h \ Z g g u f b

i h l h d Z f b l Z e u o e _ ^ g b d h \ u o \ h ^ | h a u u ^ w e v l h \ u _ h l e h ` _ g b y e _ ^ g b d h \ u o

j _ d – a Z g ^ j u b l t i t I h j h c h g b y \ e y x l k y _ ^ b g k l \ _ gg u f b d jZ k b \ u f b

n hj f Z f b j_ e v _ n Z �  



Q Z s _ \ k _ ] h \ k l j_ q Z x l k y i jh f _ ` m l h q g u _ n hj f u ] j Z \ b y b i _ k d Z – i _ k q Z g h -
] jZ \ b c g Z y k f _ k v } F _ k l hj h ` ^ _ g bc ] j Z \ b y h [ s _ ] h km ^ Zj k l \ _ g g h ] h

g Z a g Z q _ g b y \ W k l h g bb g _ l ~ Z f _ k l h j h ` ^ _ g b y f _ k l g h ] h g Z a g Z q _ g b y

j Z k i j h k l j Z g _ g u ^ h \ h e v g h r b j h d h �  
= h ^ h \ h _ i h l j _ [ e _ g b _ ] j Z \ b y b i _ k d Z \ W k l h g b b ^ h k l b ] Z _ l •�€ f e g } f

3
~ q l h

i j _ \ u r Z _ l h [ v _ f \ k _ o h k l Z e v g u o k l jh b l _ e v g u o f Z l _j b Z e h \ \ f _ k l _

\ a y l u o } I h g Z q Z e m a Z i Z k h \ o \ Z l b l ~ g h \ ^ Z e v g _ c r _ f i j b ^ _ l k y h l d j u \ Z l v \ k _

g h \ u _ b g h \ u _ f _ k l h jh ` ^ _ g b y �  
< � €"€"€ ] h ^ m [ u e h ^ h [ u l h � •"• � €"€ f

3
k l j h b l _ e v g h ] h i _ k d Z b � � •ƒ‚ � € f

3 
] j Z \ b y �  

 
K o _ f Z 8 } I _ k q Z g u _ d Z j v _j u h [ s _ ] h k m ^ Z j k l \ _ g g h ] h g Z a g Z q _ g b y � EGK 2002) 
 
 

L hj n  
 
L h j n – w l h h k l Z l h q g u c f Z l _ j b Z e ~ h [ jZ a m x s b c k y i j b q Z k l b q g h f

j Z a e h ` _ g b b j Z k l b l _ e v g h ] h \ _ s _ k l \ Z \ [ h e h l Z o ~ k h ^ _j ` Z g b _ f b g _ jZ e v g h ] h

\ _ s _ k l \ Z ~ \ d h l h j h f g _ i j b \ u r Z_ l � � „ � h l k mo h c f Z k k u � �  H k l Z l d b jZ k l _ g b c

g _ j Z a e Z ] Z x l k y ^ h d h g p Z ~ l Z d d Z d \ h ^ Z h [ _ ^ g _ g Z d b k e h jh e h f b i j h b ko h ^ b l

g Z d h i e _ g b _ l hj n Z } < W k l h g bb l h j n d Z d ] h j x q _ _ i h e _ a g h_ b k d h i Z_ f h _ k l h b l

g Z \ l h j h f f _ k l _ i h k e _ ] h j x q _ ] h k e Z g p Z ~ b g _ d h l h j u _ \ b ^ y l \ w l h f

i _ j k i _ d l b \ m g Z [ m ^ m s _ _ }  
I h k e _ e _ ^ g b d h \ u c d e b f Z l [ u e [ e Z ] h i j b y l _ g ^ e y \ h a g b d g h \ _ g b y b jZ a \ b l b y

[ h e h l ~ d h l h jh_ g Z q Z e h k v \ k d h j_ i h k e _ h l k l m i e _ g b y e _ ^ g b d Z } K i h f h s v x

f _ l h ^ Z jZ ^ b hZ d l b \ g h ] h m ] e _j h ^ Z �
14

K … [ u e h mk l Z g h \ e _ g h ~ q l h jZ a \ b l b _

[ h e h l g Z q Z e h k v ] ^ _ -l h †ˆ‡�€"€ – ‰ �� € e _ l g Z a Z ^ � L hj n Z \ W k l h g bb h q _ g v

f g h ] h ~ i h l h f m q l h h g Z i j b g Z ^e _ ` b l d h ^ g b f b a g Z b [ h e _ _ [ h ] Z l u f [ h e h l Z f b

k l jZ g Z f f b jZ } I j b jh k l m l h j n Z [ h e _ _ \ k _ ] h [ e Z ] h i j b y l k l \ m _ l i jh o e Z ^ g u c



b \ e Z ` g u c d e b f Z l Š I j b jh k l l hj n Z k h k l Z \ e y _ l i j b f _j g h � � ‹ ff \ ] h ^ Š <

g Z k l h y s __ \ j_ f y i e h s Z ^ v [ h e h l h [ j Z a m _ l i j b f _ j g h �� � � Œ h l l _ j j b l h j bb

W k l h g b b • k Z f u _ [ h e v r b _ b a d h l h j u o Ž I m o Z l b � •"•’‘"‘"‘ ] Z � • W i m-D Z d _j ^ b � “"‹

� � ‘ ] Z � • W g ^e Z � � •”‘ � ‘ ] Z � • E Z \ Z k k Z Z j_ � � • �� ‘ ] Z � • K m m j k hh � � • �� ‘ ] Z � ��

I w w ^e Z � •�•3•"‘"‘ ] Z – � Orru, 1995). 
< W k l h g bb i _ j_ q b k e _ g h ‹ � “�— [ h e h l �� b a d h l h j u o �� Œ f _ e d b _ �� k i e h s Z ^ v x •

– •�‘ ] _ d l Z jh \ Š L h e s b g Z l hj n Z \ d j m i g u o [ h e h l Z o \ k j _ ^ g _ f ^ h k l b ] Z _ l ˜ – 5 
f • b g h ] ^ Z ^ h k l b ] Z y • – ™ f Š < _ ^ b g b q g u o [ h e h l Z o a Z f _ q _ g Z Z g h f Z e v g Z y

l h e s b g Z l h j n Z • g Z i j b f _ j • ^ h •�™ f \ < u ee Z f y w k d h f [ h e h l _ b ^ h � š f \

[ h e h l _ G Z i k b �  
J Z k i j_ ^ _ e _ g b _ a Z i Z k h \ l hj n Z \ W k l h g b b g _ h ^ g h jh ^ g h Š D j m i g _ c r b _ b a g b o

g Z o h ^ y l k y \ x ` g h c q Z k l b B ^ Z -< b j m f Z Z b \ I y j g m f ZZ • Z l Z d ` _ \ k j_ ^ g _ c

W k l h g b b  � k o _ f Z 9� Š < d Z q _ k l \ _ l hj n y g u o f _ k l hjh ` ^ _ g b c k _ c q Z k

b k i h e v a m x l k y l h e v d h l _ [ h e h l Z • i e h s Z ^ v d h l hj u o [ h e _ _ � ‘ ] Z • b k e h c

l h j n Z [ h e _ _ � � ‹ f Š < W k l h g b b l Z d b o [ h e h l •b—"š � • b a g b o •�š�‘ i j _ ^ k l Z \ e y x l

i j h f u r e _ g g u c b g l _j_ k (Orru, 1995). 
B ko h ^ y b a h [ e Z k l b i j b f _ g _ g b y b i jh b k o h ` ^ _ g b y • l h j n i h ^ jZ a ^ _ e y x l g Z

^ \ Z i h ^ l b i Z Š O h jh r h jZ a e h ` b \ r bc k y l hj n g b a b g g h ] h [ h e h l Z • i b l Z \ r _ ] h k y

] j m g l h \ u f b \ h ^ Z f b • b k i h e v a m _ l k y i j b f m s _ k l \ _ g g h ^e y l h i e b \ Z • f _ g v r _

d Z d m ^ h [ j _ g b _  � n h l h � 8� Š H [ jZ a m _ l �� Œ h l h [ r _ ] h d h e b q _ k l \ Z a Z i Z k h \ ��

L h j n \ _ j o h \ h ] h [ h e h l Z • i b l Z x s _ ] h k y Z l f h k n _j g u f b h k Z ^ d Z f b ��

b k i h e v a m _ l k y \ k _ e v k d h f o h a y c k l \ _ ^ e y i h ^ k l b e d b  � n h l h � 9� Š H [ jZ a m _ l

� � Œ h l h [ s _ ] h d h e b q _ k l \ Z a Z i Z k h \ �  

 
N h l h � 8 Š O h jh r h jZ a e h ` b \ r bc k y l h j n g b a b g g h ] h [ h e h l Z  



 
N h l h 19 › I j Z d l b q _ k d b g _ jZ a e h ` b \ r bc k y l hj n [ h e h l Z K Z g ] e Z  
 
I j h b a \ h ^ b f u c kmo h c l hj n b b a ] h l h \ e y _ f u c b a g _ ] h [ j b d _ l � n h l h 20) 
y \ e y _ l k y h ^ g b f b a e m q r b o \ b ^ h \ l h i e b \ Z œ l Z d d Z d b f __ l g b a d m x a h e v g h k l v ��

\ u k h d m x l _ i e h l \ h j g h k l v b g b a d h_ k h ^ _ j ` Z g b _ \ j_ ^ g u o \ _ s _ k l \ œ h i Z k g u o

^e y h d j m ` Z x s _ c k j _ ^ u �  

 
N h l h 20 › L h j n y g h c [ j b d _ l  
 
< k _ ` _ l h j n [ h e __ f g h ] h e b d q _ f i jh k l h w g _ j ] _ l b q _ k d h _ k u j v _ › ; h e v r Z y

q Z k l v l h j n Z b k i h e v a m _ l k y d Z d m ^ h [ j _ g b _ b e b k Z ^ h \ u c l h j n � k h k l Z \ g Z y

d h f i h k l Z � œ d Z d k l b f m e y l hj j h k l Z b ^e y m e m q r _ g b y k l j m d l m j u i h q \ u ��

; h e v r b _ ^ h o h ^ u i j b g h k b l w d k i hj l k Z ^ h \ h ] h l h j n Z › ? k l v b ^ j m ] b _ h [ e Z k l b

i j b f b g _ g b y œ l Z d b _ d Z d f _ ^ b p b g Z œ d h k f _ l b d Z œ o b f b q _ k d Z y i jh f u r e _ gg h k l v ��

i j h b a \ h ^ k l \ h n b e v l j h \ b k h j [ _ g l h \ �  



 
K o _ f Z � • L h j n y g u _ f _ k l h jh ` ^ _ g b y h [ s _ ] h k m ^ Zj k l \ _ gg h ] h g Z a g Z q _ g b y

(EGK, 2002) 
 
< �� � ž ] h ^ m [ u e h ^ h [ u l h Ÿ" "¡3Ÿ � ž l h g g l hj n Z �  
 
 

H a _ j g u _ b f h j k d b _ ] j y a b  
 
W k l h g k d b _ ] j y a b b f _ x l h k Z ^ h q g h_ i j h b ko h ` ^ _ g b _ �� H g b h l e Z ] Z e b k v \ h a _j Z o

b k d j u l u o a Z e b \ Z o • = j y a b ¢ k n hj f b jh \ Z \ r b _ k y b a g _ ^ h d h g p Z

j Z a e h ` b \ r _ ] h k y hj ] Z g b q _ k d h ] h \ _ s _ k l \ Z \ i h k l e _ ^ g b d h \ u o \ h ^ h _ f Z o ��

^ h \ h e v g h j Z a g h h [ jZ a g u • N b a b q _ k d b _ b o b f b q _ k d b _ k \ h c k l \ Z ] j y a _ c ¢ \

[ h e v r h c k l _ i _ g b a Z \ b k y l h l a h h - b n b l h i e Z g d l h g Z ¢ h l k h ^ _ j ` Z g b y

f b d jh w e _ f _ g l h \ b f b g _jZ e h \ \ \ h ^ h _ f _ �� < a Z \ b k b f h k l b h l k j_ ^ u �� ] ^ _ ] j y a b

h l e Z ] Z e b k v ¢ b o i h ^ j Z a ^ _ e y x l g Z ^ \ _ h k g h \ g u _ ] j m ii u £ ] j y a b i j_ k g u o h a _ j

b e b k Z i jh i _ e b ] j y a b k h e _ g u o \ h ^ h _ f h \ b e b f hj k d b _ ] j y a b • H g b

i j _ ^ k l Z \ e y x l k h [ h c ` _ e _h [ jZ a g m x f Z k km l _ f g h ] h p \ _ l Z ¢ d h l hj m x \

a Z \ b k b f h k l b h l k h k l Z \ Z f h ` g h b k i h e v a h \ Z l v d Z d e _ q _ [ g u _ ] j y a b b e b \

k _ e v k d h f o h a y c k l \ _ �  
H a _ j g Z y ] j y a v \ k l j _ q Z_ l k y \ [ h e v r b g k l \ _ w k l h g k d b o h a _j ¢ Z l Z d ` _ ¢ \

[ h e __ m i e h l g _ gg h f \ b ^ _ \ a Z jh k r b o h a _ j g u o e h ` [ b g Z o ¢ g _ i h k j _ ^ k l \ _ g g h

i h ^ k e h_ f l h j n Z  � n h l h 21� • < d Z q _ k l \ _ e _ q _ [ g h c ] j y a b b k i h e v a m _ l k y e b r v

[ h ] Z l u c k _jh \ h ^ h j h ^ h f k Z i jh i _ e b a a Z e b \ Z < y j k d Z • < k Z g Z l h j g u o p _ e y o

_ ] h m i h l j _ [ e y x l \ h q _ g v f Z e u o d h e b q _ k l \ Z o • H a _j g Z y ] j y a v k h ^ _j ` b l

\ b l Z f b g u £ < � ¢ < � ¢ < ¤ ¥ b D� ¢ n h e b _ \ m x d b k e h l m b [ b h e h ] b q _ k d b Z d l b \ g u _

f b d jh w e _ f _ g l u �  



 
N h l h 2� �� H l \ _ j ^ _ \ r Z y h a _j g Z y ] j y a v b a J Z gg Z f _ l k Z  
 
< ��� ¦ ] h ^ m [ u e h ^ h [ u l h §"¦"¦ l h gg h a _ j g h c b � � ¦ l h g g f h j k d h c ] j y a b �� Q Z k l h

\ _ ^ m l k y jZ a ] h \ hj u h [ b k i h e v a h \ Z g bb h a _ j g u o ] j y a _ c \ k _ e v k d h f o h a y c k l \ _

\ d Z q _ k l \ _ m ^ h [ j _ g b y ¨ D k h ` Z e _ g b x © b w l Z h [ e Z k l v h ] jZ g b q _ g Z © l Z d d Z d

i b l Z l _ e v g h k l v k Z i j h i _ e Z ^ h \ h e v g h g b a d Z © b _ ] h f h ` g h [ u e h [ u

b k i h e v a h \ Z l v e b r v © d Z d d h f i h k l h \ m x q Z k l v \ k f _ k b k ^ j m ] b f b m ^ h [ j_ g b y f b �  
F hj k d Z y ] j y a v e m q r _ b a m q _ g Z \ f hj k d b o a Z e b \ Z o W k l h g bb b b k i h e v a m _ l k y

[ h e __ p _ e _ g Z i j Z \ e _ g h ¨ K Z f u c i _ j \ u c k e m q Z c b k i h e v a h \ Z g b y f h j k d b o

] j y a _ c [ u e g Z K Z Z j_ f Z Z © ] ^ _ i j b f _ j g h \ ��� ¦ ] h ^ m o m l h j y g b g b a

D b o _ e v d h g g Z k d h ] h i j b o h ^ Z k ^ _ e Z e m k _ [ y ^ h f Z ] j y a _ \ m x \ Z gg m ¨ I _j \ Z y

] j y a _ \ Z y e _ q _ [ g b p Z [ u e Z h l d j u l Z \ � ª�«�¬ ] h ^ m g Z K ZZ j _ f ZZ \ J hh l k b d x e Z ��

] h ^ h f i h a ` _ \ O ZZ i k Z e m © \ � � ­"ª ] h ^ m \ I y j g m b \ � � ¬,¦ ] h ^ m \ D m j _ k k ZZj _ �  
< � ��� -o ] h ^ Z o ] j y a _ \ h _ e _ q _ g b _ \ W k l h g bb i j b h [ j_ e h f _ ` ^ m g Zjh ^ g m x

b a \ _ k l g h k l v �  
H [ s b _ a Z i Z k u l j _ o h k g h \ g u o f _ k l h jh ` ^ _ g b c ® O Z Z i k Z e m � L Z ] Z e Z o l � ��

D m j_ k k ZZj _ � F m ee m l m-K m m j e Z o _ ¯ b D y c g Z h p _ g b \ Z x l k y \ � � ° f e g f
3

� ko _ f Z

10� ¨ K e h c ] j y a b � � ± – « f a Z e _ ] Z_ l \ ^ h \ h e v g h f _ e d b o \ h ^ h_ f Z o ¨ F h j k d Z y

] j y a v – w l h k b g _ \ Z l h -d h j b q g _ \ Z y © f y ] d Z y ] e b g h i h ^ h [ g Z y f Z kk Z k

o Z jZ d l _j g u f a Z i Z o h f k _jh \ h ^ h jh ^ Z ¨ F hj k d Z y ] j y a v b f _ _ l p _ e _ [ g u _

k \ h c k l \ Z © d h l h j u _ [ u e b \ u y \ e _ g u ^ h e ] h \ j _ f _ g g u f h i u l h f e _ q _ g b y © _ _

b k i h e v a m x l b i h k _ c ^ _ g v \ k Z g Z l hj b y o b l ¨ i ¨ a Z \ _ ^ _ g b y o ¨ = j y a v x e _ q Z l \

h k g h \ g h f [ h e _ a g b b \ h k i Z e _ g b y © k \ y a Z g g u _ k i _j b n _ j bc g h c g _ j \ g h c

k b k l _ f h c �  



 
K o _ f Z � 0 ² F _ k l h j h ` ^ _ g b y h a _ j g h c b f hj k d h c ] j y a b h [ s _ ] h km ^ Zj k l \ _ g g h ] h

g Z a g Z q _ g b y ³ O Z Z i k Z e m ´ D m j_ k k Z Z j_ � F m e e m l m-K m m j e Z o _ � ´ D y c g Z b < y j k d Z  
 
 

H a _ j g Z y b a \ _k l v � h a _ j g u c f _ e �  
 
 
H a _ j g Z y b a \ _ k l v – w l h j u o e u c h k Z ^ h d ´ \ h a g b d r b c \ q _ l \ _ j l b q g u c i _ j b h ^ ��

d h l h j u c b f __ l [ _ e h \ Z l h -` _ e l u c ´ k \ _ l e h [ _ ` _ \ u c p \ _ l � n h l h 2� � ² < \ b ^ _

i j b f _ k b k h ^ _ j ` b l l h j n ´ i _ k h d b l ² i ²  
H l e h ` _ g b y ´ k h k l h y s b _ b a f _ e d h a _j g b k l h ] h d Z e v p b l Z ´ g Z d h i e y \ r _ ] h k y \

i h k e _ e _ ^ g b d h \ u o \ i Z ^ b g Z o g Z g Z q Z e v g h c k l Z ^ b b jZ a \ b l b y h a _ j ´ r b jh d h

j Z k i j h k l j Z g _ g u \ W k l h g bb ´ b h l q Z k l b b f g Z r e b i j b f _ g _ g b _ ² L h e s b g Z

h p _ j g h c b a \ _ k l b \ [ h e v r b g k l \ _ k e m q Z_ \ � � µ – � � ¶ f b _ ] h ^ h [ u q Z b a -i h ^

k e h y l hj n Z b ] j y a b a Z l j m ^ g _ g Z ´ g h \ jZ c h g _ \ h a \ u r _ g g h k l b I Z g ^ b \ _j_

h g Z h [ jZ a m _ l f _ k l Z f b ^ h \ h e v g h l h e k l u _ � ^ h � -o f · b \ u ^ _j ` Z gg u _ a Z e _ ` b �  



  
N h l h 22 ¸ H a _ j g Z y b a \ _ k l v b a ^ h e b g u K mm j -W f Z c u ] b ¹ Z – k h ^ _ j ` b l l h j n b

h k l Z l d b jZ k l _ g bc º [ – q b k l Z y b a \ _ k l v � h a _ j g u c f _ e �  
 
H a _ j g m x b a \ _ k l v ^ _ e Z _ l p _ gg u f \ u k h d h_ k h ^ _ j ` Z g b _ CaCO3 � ^ h � » – 95%) 
b __ h k h [ Z y o b f b q _ k d Z y q b k l h l Z b i j _ ` ^ _ \ k _ ] h g b a d h_ k h ^ _ j ` Z g b _ f Z ] g b y ��

W l h ^ _ e Z _ l \ h a f h ` g u f i j h b a \ h ^ b l v h a _j g m x b a \ _ k l v ^e y ^ h [ Z \ h d \

d h f [ b d hj f �� Z l Z d ` _ ^ e y b a ] h l h \ e _ g b y b a \ _ k l d h \ u o d j Z k h d ¸ I _ j \ h c h [ e Z k l v x  
i j b f _ g _ g b y h a _j g h c b a \ _ k l b [ u e h p _ f _ g l g h _ i jh b a \ h ^ k l \ h ¸ ; h e __ q b l k l u _

b k b e v g __ k p _ f _ g l b j h \ Z g g u _ jZ a g h \ b ^ g h k l b h a _j g h c b a \ _ k l b b g h ] ^ Z

g Z a u \ Z x l h a _j g u f f _ e h f ¹ q l h g _ k h \ k _ f i jZ \ b e v g h ¹ o h l y b h a _j g Z y

b a \ _ k l v q Z k l h k h ^ _ j ` b l h k l Z l d b j Z d h \ b g h j ] Z g b a f h \ ¸ D Z q _ k l \ h h a _j g h c

b a \ _ k l b m o m ^ r Z_ l k y a Z k q _ l ^ h \ h e v g h q Z k l h \ k l j_ q Z x r _ c k y i j b f _ k b ] e b g u

b e b l hj n Z ¹ d h l h jZ y ^ _ e Z_ l k h k l Z \ g _ i h k l h y gg u f ¸ A Z i Z k u h a _ j g h c b a \ _ k l b

i h i j _ ^ \ Z l b l _ e v g u f h p _ g d Z f ^ h \ h e v g h \ _ e b d b ¼ ^ h g _ k d h e v d b o f e g f
3

¸ <

k Z f h f b a \ _ k l g h f b _ ^ b g k l \ _ gg h f k l h y s _ f g Z m q _ l _ f _ k l h j h ` ^ _ g bb

< Z j Z g ] m � ko _ f Z �� ½ [ e b a J Z d d _ a Z i Z k u h a _ j g h c b a \ _ k l b � f _ e Z ½ k h k l Z \ e y x l

[ h e __ ¾3»"»"»3» � » f
3.  

< i h k e _ ^ g __ \ j_ f y h a _ j g Z y b a \ _ k l v g _ ^ h [ u \ Z _ l k y �  



 
K o _ f Z � 1 ¿ F _ k l h j h ` ^ _ g b _ h a _j g h c b a \ _ k l b [ e b a J Z d d _ \ < Z j Z g ] m 
 
 

F b g _ j Z e v g Z y \ h ^ Z  
 
 
D j h f _ q b k l h c i b l v _ \ h c \ h ^ u À d h l hj Z y g _ k h f g _ gg h y \ e y _ l k y h ^ g b f b a

g Z b [ h e _ _ p _ g g u o i j b j h ^ g u o [ h ] Z l k l \ W k l h g b b À \ g b f Z g b _ i j b \ e _ d Z _ l

f b g _jZ e v g Z y \ h ^ Z À d h l h j m x b g h ] ^ Z jZ k k f Z l j b \ Z x l À d Z d i h e _ a g h _

b k d h i Z_ f h _ ¿  
F b g _ jZ e v g h c \ h ^ h c \ W k l h g bb k q b l Z_ l k y \ h ^ Z À \ d h l h jh c k h ^ _ j ` Z g b _

f b g _jZ e v g u o \ _ s _ k l \ i j_ \ u r Z _ l Á g/l. F b g _ jZ e v g Z y \ h ^ Z [ u e Z h l d j u l Z b

_ _ g Z q Z e b b k i h e v a h \ Z l v l h e v d h g Z q b g Z y k �� � � À d h ] ^ Z i h y \ b e Z k v

\ h a f h ` g h k l v k i h f h s v x [ m j_ g b y b a m q Z l v [ h e __ ] e m [ h d h a Z e _ ] Z x s b _

\ h ^ g u _ ] h j b a h g l u ¿ I _j \ h c e Z k l h q d h c [ u e h i h y \ e _ g b _ \ h ^ u k \ u k h d b f

m j h \ g _ f f b g _ jZ e b a Z p bb b a d hj u \ u \ _ l j b \ Z g b y i hj h ^ d j b k l Z ee b q _ k d h ] h

h k g h \ Z g b y À j Z k i h e h ` _ gg u o g Z l _j j b l h j bb I y j g m ¿ W l h l \ h ^ g u c ] hj b a h g l

a Z e _ ] Z_ l g Z ] e m [ b g _ � � Â f ¿ > h k _ ] h ^ g y r g _ ] h ^ g y i j b [ Z \ b e k y p _ e u c j y ^

f _ k l h j h ` ^ _ g bc f b g _j Z e v g h c \ h ^ u Ã \ D m j_ k k ZZ j _ � D y j ^e Z À O yy ^ _ f _ k l _ À

< u j m À < y j k d Z b B d e Z ¿ B f _ x l k y ^ Z g g u _ b h ^ j m ] b o \ h a f h ` g u o

f _ k l h j h ` ^ _ g b y o ¿ < h f g h ] b o h [ e Z k l y o a Z n b d k b j h \ Z g h k j Z a m g _ k d h e v d h

m j h \ g _ c f b g _jZ e v g h c \ h ^ u À g Z i j b f _ j \ < y j k d Z b o � ¿ H [ s b _ a Z i Z k u

f b g _jZ e v g h c \ h ^ u \ W k l h g bb h p _ g b \ Z x l k y i j b [ e b a b l _ e v g h \ ÄÅÂ � Â

f
3

� km l d b ¿ < W k l h g b b f b g _j Z e v g m x \ h ^ m b k i h e v a m x l \ h k g h \ g h f \ d Z q _ k l \ _



k l h e h \ h c b e _ q _ [ g h c \ h ^ u � < y j k d Z Æ b � � Ç B g h ] ^ Z \ h ^ Z b k i h e v a m _ l k y ^ e y

\ h ^ g u o i j h p _ ^ m j � < y j k d Z � È j Z g __ l � ` Ç B d e Z � �  
A Z i Z k u ^ h k l Z l h q g u ^ e y l h ] h È q l h [ u g Z ^ h e ] h_ \ j_ f y k g Z [ ^ b l v f b g _jZ e v g h c

\ h ^ h c e b r v \ g m l j _ g g bc j u g h d �  
 
 

N h k n hj b l  
 
N h k n h j b l – a Z k e m ` b \ Z x s bc \ g b f Z g b y i j b j h ^ g u c j _ kk m j k �� j Z k i h e h ` _ gg u c

\ g _ ^ j Z o W k l h g bb È g h g Z ^ Z g g u c f h f _ g l g _ b k i h e v a m _ f u c È l Z d d Z d w l h

w d h g h f b q _ k d b g _ \ u ] h ^ g h Ç  
N h k n h j b l i j _ ^ k l Z \ e y _ l k h [ h c k d h i e _ g b _ h [ e h f d h \ j Z d h \ b g [ _ a a Z f d h \ u o

i e _ q _ g h ] b o � [ jZ o b h i h ^ j h ^ Z h [ h e h \ u o É Ungula, Shmidtites \ d \ Z j p _ \ h f

i _ k d _ Ç J Z d h \ b g u [ _ a a Z f d h \ u o [ j Z o b h i h ^ b b o h [ e h f d b [ h ] Z l u n h k n h j h f

� n h l h � � � Ç H l e h ` _ g b y n h k n hj b l Z b f _ x l p \ _ l h l k \ _ l e h d h j b q g _ ] h ^ h

l _ f g h k _jh ] h b g Z i h f b g Z x l d h g ] e h f _ j Z l � l �� g Ç h [ h e h \ u c d h g ] e h f _jZ l � �  

  
N h l h 23 Ç Z – j Z d h \ b g u j h ^ Z Ungula \ i _ k q Z g b d _ È B j m È i Z d _j h j l k d bc

] hj b a h g l Ê [ – h [ h e h \ u c d h g ] e h f _ j Z l È F Z Zj ^ m  
 
G Z m q g u c b g l _j _ k \ h a g b d _ s _ \ Æ�Ë k l h e _ l bb È d h ] ^ Z i jh n _ k k hj L Zj l m k d h ] h

M g b \ _j k b l _ l Z D Z j e R f b ^ l h [ j Z l b e \ g b f Z g b _ g Z n h k n hj b l È d Z d g Z

i h l _ g p b Z e v g h_ k u j v _ ^ e y n h k n h j g u o m ^ h [ j _ g bc b g Z _ ] h e _ ] d m x

h [ h ] Z s Z _ f h k l v k i h f h s v x i j h k _ b \ Z g b y Ç < ��� Ì ] h ^ m [ u e h h k g h \ Z g h

Z d p b h g _j g h _ h [ s _ k l \ h © W w k l b n h k n h j b l Í b g Z q Z e b k v b k k e _ ^ h \ Z g b y

g _ ^ Z e _ d h h l L Z ee b g Z [ e b a i h k _ e d Z B j m Ç J Z [ h l Z ^e b e Z k v \ l _ q _ g b b ^ \ m o

e _ l È b \ j _ a m e v l Z l _ h [ h e h \ u c i _ k q Z g b d [ u e h p _ g _ g d Z d n h k n hj g Z y j m ^ Z ��

d h l h j m x k l h b l j Z a j Z [ Z l u \ Z l v Ç A Z l _ f [ u e b h i j _ ^ _ e _ g u ] jZ g b p u

f _ k l h j h ` ^ _ g b y X e ] Z a _ b \ � � Î�Ï ] h ^ m g Z q Z e b k v j Z [ h l u \ i _ j \ h f j m ^ g b d _ b

g Z h [ h ] Z l b l _ e v g h c n Z [ j b d _ Ç I j h b a \ h ^ b e Z k v n h k n hj g Z y f m d Z È \ g _ d h l h jh c

k l _ i _ g b k l b f m e b j m x s Z y jh k l j Z k l _ g bc Ç J Z [ h l u g Z j m ^ g b d _ X e ] Z a _ b g Z

h [ h ] Z l b l _ e v g h c n Z [ j b d _ ^ e b e b k v ^ h �� � Ð ] h ^ Z È d h ] ^ Z j m ^ g b d k ] h j _ e \ h

\ j _ f y i h ` Zj Z Ç < �� � Ì ] Ç > h [ u q m k g h \ Z \ h a h [ g h \ b e b g _ k d h e v d h x ` g _ _



X e ] Z a _ \ F ZZ j ^ m Ñ ] ^ _ n h k n hj b l ^ h [ u \ Z e k y ^ h �� � Ò ] h ^ Z Ñ d h ] ^ Z [ u e Z

i j _ d j Z s _ g Z _ ] h jZ a jZ [ h l d Z Ó < d h g p _ d _ f [ j b y Ñ g Z q Z e _ hj ^ h \ b d Z \ \ _ d _

i Z d _j h j l � a Ô,Õ"Ö – ×"Ö"Ö f e g e _ l g Z a Z ^ Ø g Z l _ j j b l hj b b W k l h g b b

k n h j f b j h \ Z e k y [ h ] Z l u c j Z d h \ b g Z f b [ j Z o b h i h ^ i _ k q Z g b d Ó G Z h l ^ _ e v g u o

m q Z k l d Z o k h ^ _j ` Z g b _ j Z d h \ b g g Z k l h e v d h [ h e v r h_ Ñ q l h i _ k q Z g b d f h ` _ l

k q b l Z l v k y n h k n hj b l g h c j m ^ h c Ó  
< E y y g w -< b j m f Z Z g Z o h ^ y l k y k Z f u _ d j m i g u _ \ W k l h g bb Ñ g _ b k i h e v a m _ f u _

f _ k l h j h ` ^ _ g b y L hh e k _ b J Z d \ _j _ Ñ \ J h k k b b \ E _ g b g ] j Z ^ k d h c h [ e Z k l b \

D b g ] b k _ i i k d h f jZ c h g _ g Z o h ^ b l k y h ^ g h b f _ gg h _ jZ a j [ Z l u \ Z_ f h _

f _ k l h j h ` ^ _ g b _ Ó L h e s b g Z i j h f u r e _ g g h ] h i e Z k l Z h l � � × ^ h � � � × f _ l jh \ Ñ \

k j _ ^ g _ f Ù – Ú f _ l j Z �  
N h k n h j g u _ f _ k l hj h ` ^ _ g b y \ B ^ Z -< b j m f Z Z \ : a _j b b G Z j \ k d h f jZ c h g _

[ _ ^ g __ Ñ q _ f l _ q l h g Z o h ^ y l k y i h k h k _ ^ k l \ m � k o _ f Z � � � Ó F _ k l hj h ` ^ _ g b _

n h k n h j b l Z [ u e h i _j \ u f \ f b j_ h [ g Z j m ` _ gg u f f _ k l hj h ` ^ _ g b _ f

g _ o _ f h ] _ g g h ] h i j h b ko h ` ^ _ g b y Ó I h a ` _ n h k n h j b l u l Z d h ] h ` _ l b i Z Ñ ] ^ _

n h k n Z l g u c f Z l _j b Z e i j_ ^ k l Z \ e _ g h k l Z l d Z f b \ u f _j r b o i e _ q _ g h ] b o Ñ [ u e b

h l d j u l u b \ ^ j m ] b o f _ k l Z o � K b [ b j v Ñ K d Z e b k l u _ ] hj u � �  

 
K o _ f Z � 2 Ó J Z k i h e h ` _ g b _ f _ k l h jh ` ^ _ g bc n h k n hj b l Z Û g Z h [ \ _ ^ _ g g h c

l _ jj b l hj b b \ k j_ ^ g _ c b x ` g h c W k l h g b b k e h b n h k n hj b l Z h l k m l k l \ m x l  
 
I j b g u g _ r g b o m k e h \ b y o w k l h g k d bc n h k n hj b l y \ e y _ l k y

g _ d h g d m j _ g l g h k i h k h [ g u f g Z f b j h \ h f j u g d _ Ó D jh f _ \ u _ f d b n h k n hj b l Z ��

g m ` g h l Z d ` _ m q b l u \ Z l v j Z ko h ^ u g Z h [ h ] Z s _ g b _ k u j v y b g Z k e h ` g u c

d h f i e _ d k i h o b f b q _ k d h c h [ j Z [ h l d _ n h k n h j b l Z Ó < k _ w l h l j _ [ m _ l [ h e v r b o



b g \ _ k l b p b c Ü K j Z a j Z [ h l d h c n h k n h j b l Z l Z d ` _ k \ y a Z g u i jh [ e _ f u

h d j m ` Z x s _ c k j_ ^ u Ü  
G Z q b g Z y k � � Ý7Þ ] h ^ Z \ W k l h g bb n h k n h j b l g Z y j m ^ Z g _ ^ h [ u \ Z_ l k y �  
 

> b d l b h g _ f h \ u c k e Z g _ p  
   
> b d l b h g _ f h \ u c k e Z g _ p b e b ] jZ i l h e b l h \ u c k e Z g _ p y \ e y _ l k y k h \ j_ f _ gg h c

j Z a g h \ b ^ g h k l v x ] hj x q _ ] h k e Z g p Z – i jh i b l Z gg h c h j ] Z g b d h c b a Z l \ _j ^ _ \ r _ c

] e b g b k l h c i h jh ^ h c ß d h l hj Z y a Z e _ ] Z_ l g _ i h k j_ ^ k l \ _ gg h g Z ^ n h k n h j b l Z f b

� l x j b k Z e m k d Z y k \ b l Z g b ` g _ ] h h j ^ h \ b d Z � Ü W l h l _ f g h d h j b q g _ \ u c Zj ] b e e b l �  
d h l h j u c k h ^ _ j ` b l n h k k b e b b ] jZ i l h e b l h \ Rhabdinopora flabelliforme 
(Eichwald) (k h k l Zj u f g Z a \ Z g b _ f Dictionema flabelliforme à7á n h l h � � � �  

   
N h l h 24 Ü > b d l b h g _ f h \ u c k e Z g _ p k o hj h r h k h o jZ g b \ r b f k y ] jZ i l h e b l h f

Rhabdinopora flabelliforme ( Eichwald), Z – d e b n L x j b k Z e m â [ – F ZZj ^ m 
 
A Z e _ ` v j Z k i j h k l jZ g y _ l k y g _ i j_j u \ g u f l _ e h f \ k _ \ _ j g h c b k _ \ _jh -
\ h k l h q g h c q Z k l b W k l h g bb ß h l O bb m f ZZ ^ h G Zj \ u ß g h __ a g Z q b l _ e v g Z y

l h e s b g Z � ãåä f ß f Z o æ f g Z h Ü H k f m kk Z Zj à i jh k e _ ` b \ Z _ l k y \ k _ ` _ l h e v d h g Z

i j h f _ ` m l d _ O Z Z i k Z e m – L Z ee b g � ko _ f Z � � � Ü A Z i Z k u Z j ] b ee b l Z ß k h ^ _j ` Z s _ ] h

] hj x q _ _ h j ] Z g b q _ k d h _ \ _ s _ k l \ h ß h ] jh f g u ß i h i j_ ^ \ Zj b l _ e v g u f h p _ g d Z f

k h k l Z \ e y _ l i j b [ e b a b l _ e v g h � ç f b e e b Z j ^ Z l h gg Ü ; h e v r Z y q Z k l v b a g _ ] h

a Z e _ ] Z_ l g Z ] e m [ b g _ ^ h k l m i g h c ^ e y ^ h [ u q b ß \ u o h ^ y m i h ^ g h ` b y ] e b g l Z g Z

i h \ _j o g h k l v � n h l h  25).  



 
K o _ f Z � 3 è J Z k i jh k l j Z g _ g b _ ^ b d l b h g _ f h \ h ] h k e Z g p Z \ W k l h g b b è

G _ i j_j u \ g h c e b g b _ c i h d Z a Z g Z jZ \ g Z y f h s g h k l v a Z e _ ` b é i m g d l b j g h c – _ _

] e m [ b g Z a Z e _ ] Z g b y \ f _ l jZ o è  
 
D k h ` Z e _ g b x é b k i h e v a h \ Z g b _ ^ Z gg h c i h j h ^ u d Z d i h e _ a g h ] h b k d h i Z _ f h ] h

a Z l j m ^ g _ g h i h g _ k d h e v d b f i j b q b g Z f è < h -i _ j \ u o é k h ^ _j ` Z g b _ hj ] Z g b q _ k d h ] h

\ _ s _ k l \ Z é d h l h j h_ h g Z k h ^ _j ` b l é ^ h \ h e v g h g b a d h _ � ê�ë – �� � é \ k j _ ^ g _ f � ì

– � � � � é b a a Z q _ ] h _ _ l _ i e h l \ h j g h k l v e b r v ��� ë – � í�ë"ë dd Z e � d ]  (5 – 7 
F > ` � d g� è > j m ] b f b k e h \ Z f b é h [ b k i h e v a h \ Z g bb l h i e b \ Z k l Z d b f \ u k h d b f

k h ^ _j ` Z g b _ f a h e u g _ f h ` _ l [ u l v b j_ q b è > j m ] b f i j _ iy l k l \ b _ f y \ e y _ l k y

\ u k h d h _ k h ^ _ j ` Z g b _ f b g _j Z e Z i b j b l Z � FeS2) é d h l h j h_ f _ k l Z f b ^ h o h ^ b l ^ h

8 – � � é g Z o h ^ y k v \ h k g h \ g h f \ jZ f d Z o � � î –� � � � è W l h k _j g h_ k h_ ^ b g _ g b _ \

i j h p _ k k _ ] h j_ g b y j Z a e Z ] Z _ l k y ^ h h d k b ^ h \ k _j u – ] Z a h \ �� d h l hj u _ a Z ] j y a g y x l

Z l f h k n _ j m �� B _ k e b g Z q Z l v b k i h e v a h \ Z g b _ é l h b w l h i jh [ e _ f Z i j b g u g _ r g _ c

l _ o g h e h ] bb i jZ d l b q _ k d b g _ i j _h ^ h e b f Z �  

  



N h l h 25 ï H [ g Z ` _ g b _ ^ b d l b h g _ f h \ h ] h k e Z g p Z g Z i -h \ _ I Z d _j h j l � a Z e _ ` v

g Z o h ^ b l k y f _ ` ^ m ^ \ m f y d j Z k g u f b k l j_ e d Z f b �  
 
B g l _j_ k i j_ ^ k l Z \ e y x l l Z d ` _ g _ d h l hj u _ j_ ^ d b _ \ d j Z i e _ gg u _ w e _ f _ g l u ï

K l h b l m i h f y g m l v l j b b a g b o – m jZ g ð f h e b [ ^ _ g b \ Z g Z ^ bc ð k h ^ _j ` Z g b _

d h l h j u o \ Z j ] b e e b l _ \ ^ _ k y l d b jZ a i j _ \ u r Z _ l b o k j_ ^ g __ k h ^ _j ` Z g b _ \

a _ f g h c d h j_ ï < k _ ` _ b o k h ^ _ j ` Z g b _ g _ ^ h k l b ] Z_ l m j h \ g y k h \ j _ f _ g g \ o j m ^ ð

i h w l h f m h w l b o f _ l Z ee Z o f h ` g h ] h \ h j b l v l h e v d h d Z d h k h i m l k l \ m x s b o

i h e _ a g u o b k d h i Z_ f u o ð b k i h e v a h \ Z g b _ d h l hj u o \ h a f h ` g h l h e v d h i j b

d h f i e _ d k g h c j Z a j Z [ h l d _ Z j ] b ee b l Z ï K �� � ñ i h �� � ò ] h ^ ] jZ i l h e b l h \ u c

Z j ] b e e b l ^ h [ u \ Z e k y \ K b e e Z f y _ d Z d m j Z g h \ h _ k u j v _ ð b ^e y w l h ] h ð l h ` _ \

K b e e Z f y _ ð [ u e Z i h k l jh_ g Z h [ h ] Z l b l _ e v g Z y n Z [ j b d Z ï G Z k b ee Z f y _ k d h f

j m ^ g b d _ [ u e h ^ h [ u l h [ h e __ � ó"ô � ô"ô l h g g Zj ] b e e b l Z ð b a d h l h jh ] h [ u e h

i h e m q _ g h e b r v � � � õ l h gg m j Z g Z �  
I j b i h i Z ^ Z g bb i m k l h c Z j ] b ee b l h \ h c j m ^ u \ h l \ Z e u ð b g h ] ^ Z i jh b k o h ^ b l _ ] h

k Z f h \ h a ] hj Z g b _ ð q l h i j b g h k b l [ h e v r h c \ j_ ^ h d j m ` Z x s _ c k j _ ^ _ ï L Z d h_

k Z f h \ h a ] h jZ g b _ i jh b a h r e h \ F Z Z j ^ m i j b ^ h [ u q _ n h k n hj b l Z �  
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