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KOHTPAKUHJA 3AHPEMHHE TPAHHTOHAA BYKyJLE yCJIEfl 
XHAPOTEPMAJIHHX AJITEPAHHJA: KOHTPOJIHH <t>AKTOP 

n P 0 C T 0 P H 0 r  n o jio a tA J A  m h h e p a j ih 3 a h h j e  ypA H A
O«

>|i
H B a H a  F p > K e T H h a  h  P a ^ e T a  J e j i e i i K O B H h a

YTHLiaj XHffpoTepMaJiHe aKTHBHOCTH n p e  h  to k o m  HacTaHKa opyjHbeH>a ypaH a y rpaHHTOHfly B yK yibe n p o - 
ije fteH  je  Ha 0CH0By CTeneHa 3anpeMHHCKe KOHTpaKqnje M aT m H e c reH e. Ha 0CH0By TepeHCKHX ocMaTpaH>a h  
eKcnepHMeHTajiHHX na6opaTopHjcKHX M e p e ita  HaMHH>eH je  on ro B ap ajy h H  M o je it 3a ojipel)HBaH>e yKynHe npoM e- 
He 3anpeMHHe MBpcTe (})a3e (AVr) y3 n p e in o cT aB K y  f(a cy  no3H aTe cBe p e aK im je  h  KOMnoHeHTe Koje ce ojiBHjajy 
H y iecT B yjy  y aJiTepaijHOHOM n p o q e cy . J]p6HjeHH pe3yjiTaTH  cy npepaM yHaTH Ha 1 m o l  C B a K o r M HHepajia (AVr/n) 
Kojn n o jjjie sce  n p o i;e c y  ajiTepai^Hje. ycraH O B JbeH a je jiHpeKTHa 3aBHCHOCT H 3M e})y  3anpeMHHCKe KOHTpaKiiHje 
rpaHHTOHjja h  jioKaJiH3aiiHje h  KOJimHHe MHHepajia Kojn can p sce  ypaH.

K ji> y i*e p e in :  rpaHHTOHH B yK yjbe. aJiT epaiflije , c re n e H  a jiT e p a i^ ije , 6H JiaH cnpaibe a jiT e p a q n ja

YBO 3

rpaHHTOH^HH KOMnJieKC ByKyjbe npeflcTaBJba reojioniKy cpc;(HHy y Kojoj ce Hajia3H 
Behn 6poj nojaBa h JieacHiirra ypaHa jiaTepaJiH0-ceKpeu,H0H0r THna opyjiii>en>a. Pvjina 
Tejia o6jiHKa >KHna, co'iHBa h HenpaBHJiHHX naroMHJian.a (iiiTOKBepKHO—HMnperHaHHOHH 
t h i i )  cy Ji0KaJiH30BaHa y pa3JioMHHM 30HaMa y jyacHOM h jyr03anaflH0M j*ejiy MacHBa 
(Jelenković, 1988, 1989, 1991). TeHe3a MHHepaJiH3an;Hje ypaHa je KOMnjieKcna (Jelen- 
ković & G ržetić , 1995; G ržetić  & Je lenkov ić , 1995) h TecHO je noBe3aHa ca npa- 
TehHM npou;ecHMa XHjipoTepMajiHHX ajrrepaimja okojihhx CTeHa y KojHMa ce opy,HH>eibe 
Hajia3H. Y pajiy ce npHKa3yjy pe3yjiTaTH npoyiaBaH>a irponeca ajiTepaiiHje ca acneKTa 
CJ3H3HHKO—XeMHjcKOr TOK3 H>HXOBOr OJ[Hi paBaH>a, a Kao jejIHOr OJ( KOHTpOJIHHX (f)aKTOpa 
npocTopHor nojioacaja opvjui.cn.a,

/ ( c T a jB i i a  HCTpa5KHBaH>a c y  n o K a 3 a j i a  j ia  j e  n p o n e c  H a c T a i iK a  o p v jln > e n > a  y p a H a  y  

rpaH H T O H j^y  B y K y jb e  K O H T poJiH caH  n e  caM O  " K Jiac iiH H H M " r e o j io u iK H M  cfjaK T o p H M a (M a r -  

M3TCKH, C T pyK T ypH H  h  j i p , ) ,  B e h  H pa3JIH 'IH T IIM  T H nO B H M a X H JjpOTepM a.HHHX a J IT e p a H H ja  
o k o jih h x  c T e H a  o p y j i i i> e i i ,a .  [ i a j H 'i p a  i i r iH je  i io c j i e j iH u e  o b h x  n p o n ,e c a  c y  C T p y K T y p H e  h  

x e M H jcK e  H 3M eH e M H H e p a J ia  M a T i i 'in e  c T e H e . I I p o H e c H  c y  y  o c h o b h  H 'iti ' ik o - x e m n j c k h , 

a  pejjD B H O  c y  n p a h e H H  n p o M e H O M  s a n p e M H H e  C T eH e y c j i e j i  p a 3 J iH K e  y  3 a n p e M H iia M a  

c b c >k h x  h  a J iT e p n c a H H X  M H iie p a j ia .

* PyjjapcKO-reononiKH (J)aKyjiTeT, YHHBep3HTeTa y Beorpaay, JB îiiHHa 7,11000 Beorpaji.
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Cjio6ojihh npocTopH y ctchckhm KOMnneKCHMa jiy>K kojhx ce K pehy XH/ipoTepMe 
HacTajy Kao nocjie jinna tck tohckhx aKTHBHOCTH y 3eMJbHHoj Kopn (pacejiH h npa'rehn 
nyKOTHHCKO—npCJIHHCKH CHCTeMH) HJIH KaO IIOCJiejJHHa XeMHjcKHX aKTHBHOCTH H3Met)y 
CTeHCKHX KOMnjieKca h pa3JiHHHTHX areHaca. I JocjiejiHjH, MeH>ajy MaTH’iiiv cTeHy 3aMe- 
hom npHMapHHx neTporeHHX MHHepaJia hobhm MHHepajiHMa (MeTacoMaTO3a), ojiiiociio 
Bpnie iteHO ajrrepHcan.e. Jejjna oj( nocjiejnma obhx aKTHBHOCTH je h KOHTpaKii,Hja 3an- 
peMHHe CTeHe y KopncT cTBapaiba jtojjaTiioi' npocTopa y OKBHpy Kora Mory jja ce j[eno- 
Hyjy pyj(HH MHHepajiH.

Y c jiy 'ia jv  ip a i in 'n i i i j j a  ByKyjbe 3anpeMHHCKa K O H 'ipaK inija cTeH e y c jie ji ajiTepau;HOHHX 
n p o u ;ec a  O T B opm ia j e  jjojiaT H e n p o c T o p e  y KojHMa cy jjeiio iioB aH H  p v ju m  M HHepajiH, n o p e ji  
ohhx  y pacejuiH M  30H aM a h  npaT ehH M  h^ k o t h h c k o —npcjiHHCKHM cncTeM HMa.

CACTAB rPAHHTOHJJA BYKyJbE

T e p e H C K a  ocM aipan,a h J ia f io p a T o p n jc K a  HciiHTHBaii>a c y  n o K a 3 a J ia  j ia  c e  r p a i i n rn )H ji By- 
K y jb e  c a c T o jn  o j i  HeKOJiHKO o c h o b h h x  h  B e h e r  6 p o j a  aK ii;ecopH H X  M H H ep a jia  ( T a 6 e j i a  1 ).

Ta6eJia 1. MHHepajiHH cacraB rpaHHTOHHHor KOMnjieKca EyKyjbe 
Table 1. Mineral composition of the Bukulja granitoide complex.

M u ie p i .i
M in era l

y  npoiiihu H ; l  i|)(ipMy.ia 
S im p lif ie d  fo rm u la

k i> H l l t  H i pa n ll j :l
C o n c e n tr a t io n

KBapu (Quartz) S i0 2 32,5±5,5 %

IljiarHOKJiac (Plagioclase) 33 ,5±7,9 %
-  ojinroKJiac (ano rtit +  albit) 
(oligoclase: anorthite + albite)

2CaAl2Si20 8 + 8NaAlSi3O10

-  ajidHT (albite) NaAlSi3O10
■Jjeji^cnaTH (Feldspars) 26,6±6,1 %

-  opToioiacH (orthoclase) NaAlSi30 8
-  M H K poK jiH H  ( m i c r o c l i n e ) NaAlSi30 8
-  caHHflHH (sanidine) (Na,K)AlSi30 8

MycKOBHT (M u sc o v ite ) KAl3Si3O10(OH)2 4,0±3,1 %
B h o t h t  (biotite) K(MgJFe)3AlSi3O10(OH)2 3,6±3,1 %
AKnecopHH MHHepajiH (A c c e s so ry  m in e ra l) 1,1±0,8 %

-  i(HpKOH. ajiaHHT, TypMajiHH, SepHJi, ana- 
t h t ,  MOHaijHT, TopHT, nex6jieHjia, ypaHHHHT, 
ayTyHHT, k o < J ) h h h t .  j i h m o h h t ,  c H jie p H T , h h -  
pHT. MapKacHT, xajiK onH pH T , ctJiajiepHT, ra- 
JieHHT h  npyrn
(zircon, allanite, tourmaline, beryl, apatite, 
monazite, thorite, pitchblende, uraninite, 
autunite, coffinite, limonite, siderite, py- 
rite, marcasite, chalopyrite, sphalerite, ga- 
lena, etc.)

YKynHO (Total) 1003 %

KBajiH TaTH BHa aH aJiH 3a je n o K a 3 a J ia  jja c e  y rp a n ir ro H j(y  ByKyjbe H aJia3 e  c j i e j j e h n  

e jieM eH T H  y T paroB H M a: Ga, Ba, Sr, Be, Li, Rb, Sn, Mo, W, U, Th, Ra h  jip.
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AJITEPAUHJE rPAHHTOHHA F»> K> hI

re H ep a J iH O  nocM aT p aH O , c ^ a n n je  a j i / r e p a u n ja  y  ipaiiHTOH,ny E y ity jh e  K o je  npaTe 
pyjTiiy M in re p a jiH 3 a n iijy , y  o c h o b h  n p e /rcT aB JL a jy  n o c j i e j in u v  3 k t h b h o c t h  k h c c j ih x  x h /i-  
poT epM ajiH H X  p a c T B o p a . K h c c j i o c t  X H ^poTepM aJiH HX c|)JiyH na K O H T p o jiacaH a  je  c{)yrac- 

H o n ih y  C 0 2 y  H>HMa c  o 6 3 H p o M  ^ a  c e  y  6 j ih 3 h h h  rpaHHTOH.ua y o n a B a  n p H cy cT B 0  K a p 6 o -  

h 3 t h h x  cT eH a ( n o p c u  C 0 2 jyB eH H JiH or n o p e K J ia )  ( J e l e n k o v i ć ,  1 9 8 8 ).
B p e M e  t o k o m  K o ra  c e  B p n iH J io  a j i T e p n c a i t e  o k o j i h h x  C T eH a o p y /m > e ii> a , n o c M a T -  

p aH O  c a  CTaH O B H H iTa u e i io i io B a i i> a  p y j u i e  M m ie p a j iH s a n H je ,  M o a c e  c e  i i o j j c j i h t h  y  H e K o - 

j i h k o  c f ia s a :  1 )  n p e p y j i i i a ,  2 )  c in ip v j iH a  h  3 )  n o c T p v j jn a  a j i T c p a n i i o i i a  c j ia s a .  O c h o b h i i  a j i -  

T ep au ,H 0 H H  T H noB H  c y : a )  a p iH J iH 'ia i iH ja  ( n p e -  h  c H i ip y j ( i ia )  K o ja  j e  o K a p a K T e p n c a H a  
c T B a p a i i .e M  c e p i m i i T a ,  K ao n H H H T a  h  x J io p H T a  y  Ma'i’H'iiioj c t c h h ,  6 )  CH JiH cj)H K ai(H ja ( n p e ,  

c h h  h  iiocTpv/nia) Koja n p a T H  c B e  K H c e jie  a J iT e p a n ,H O H e  n p o i j e c e  a jiy M H H 0 C H JiH K aT H 0 r 

M a T p H K ca  h  n) ip a js e n iis a n n ja , H H TeH 3H B aH  npcpy /iin i ajiTepan;HOHH n p o i i ,e c  Kojn o T B a p a  

n y T e B e  c b h m  o c T a jiH M  ajiT epaii,H O H H M  n p o u ,e c H M a  h  C T pyK T ypH H M  'ip a 1 1 c c j)o p  m a n n j  a  m a 

M aTH H H e C T eH e. O H a  H M a 3 a  i i o c j i e / i n n v  i i c i iH p a ib e  c b h x  a jiK ajiH H X  h  3 e M H 0 ajiKajiHHX 
M e T a J ia  H3 M aTH ’i n e  c T e H e . n o c j i e / u m a  0 B 0 r  n p o u ; e c a  j e  n o B e h a H .e  c T e n e H a  n 0 p 0 3 H 0 C T H  

H 3M eH >eH e C T eH e, TaK O  j ja  j e  h  H>eHa c i i e n n c j jH 'i i i a  T O K ii i ia  M a n ,a  o / /  c B e * e ,  H e a j iT e -  

p n c a H e  c T e H e .
H H TeH 3H B H a T e p eH C K a h  j i a 6 o p a 'r o p n j c K a  i ic 'ip a > K H B a ii,a  c y  n o K a 3 a j i a  j ia  c e  c f ia n n je  

a J iT e p n c a H o r  rpaH iiT O H /ia  ByKyjbe Mory iip e /[C T aB H T ii c a  HeKOJiHKO /ioM H iia iiT H H X  T H n o -  

B a  (J e len k o v id , 1 9 9 1 ) .  CTeneH c B a K e  a J iT e p a n n o H e  p e a K i u i j e  j e  T a K o t je  n p H K a 3 a H  y  

T a 6 e j iH  2 .

Ta6ena 2. H aj3acT yn jteH H je  (jjauHje a J iT e p a i jH ja  y rpaHHTOHny B yK yjbe h  h ,h x o b o  npoiieH TyaJiH o y i e m h e  

Table 2. The m a in  a lte ra tio n  ty p e s  a n d  d e g re e  o f  a l te ra tio n  o f  th e  Bukulja g ra n ito id e .

AriepamioHH thh

(Alteration type)
CTeiic* a .n e p a n n j t  y % 

Degree of alteration in %
Cpe iH.ii c-TcntH y % 

Average degree in %
CepHHHTH3aiiHja
(Sericitization) 5-25 17

KaojiHHH3anHja
(Kaolinization) 15-30 23

XjiopHTH3aqHj a 
(Chloritization) 0-14 2

IlpaTehH aJiTepaii,HOHH npou;ecH Kojn HHcy 6htho yTHii;aJiH Ha jieiioiioBaii.e ypaHCKe 
MHHepajiH3an;Hje, cy aji6HTH3an,Hja h niipHTHcaii,e. riocMaTpaHO y o/jhocv Ha raaBHe 
ajiTepaniioHe npoii,ece ohh cy y rpaiiHTOH/iv ByKyjbe 3acTynjbeHH y 3HaTHO Maiboj Mcpn.

AjiTepannje okojihhx CTeHa opy/(H,cii,a Koje cy HacTajie y iio'ieTHHM cjiasaMa xh/i- 
poTepMajiHe aKTHBHocTH, n p e - , /icjiom h tok om  /iciioiioBaH.a pyjiHe MHHepajiH3aHHje 
(cepHii;HTH3ai];Hja, XJiopHTH3an,Hja h rpaj3eHH3au;Hja), 6 iu ie cy OKapaKTepHcane H30- 
cTpyKTypHHM THnoBHM a MeTacoMaTCKe 3aMeHe. Me^yTHM, y 3aBpniHHM c^asaMa xnjipo- 
TepMajiHe aKTHBHOcTH, ynopejio ca jienoiioBaii,eM HajBeher uejra pvjrne MHHepaJiH- 
3au;Hje, flojiasHJio je j/o  HHTeH3HBHHX xeMHjcKHX h cTpyKTypHHX npoMeHa MaTHHHe cTe- 
He. noje/jHHH oj( th x  nponcca yTHH,ajiH cy h Ha jrenoiioBan,e ypaHa.

XeMHjcKy h cjiH3HliKO—xeMiijcKy MeTacTa6HJiHy paBiiorrc>Ky XHjipoTepMajiHor chc- 
TeMa o6oraheHor ypaHOM HapyuiaBajie cy hobopacTBopeHe joHCKe BpcTe H3 3HjioBa 
okojihhx cTeHa opy/iii,en,a. OHe cy H3a3HBajie npen;HnHTaii;Hjy p a3jihh hth x  MHHepajia 
ypaHa, Kao h j/pyriix MHHepajia XHHpoTepMajiHor nopeKJia o 6 oraheHHX ypaHOM. I lope/i 
obhx npoii;eca y ipaHHTOii/iy ByKyjbe cy o/(Hi paBaiin h /(pvrii Kojii He npcjicrraBJi>ajy
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n o c jie j in n v  K H TcpaK U nje XH jipoTepM ajtHHX p a c T B o p a  h  o k o j i h h x  cT eH a. T aK O , Ha n p H M ep , 
n a ^  npHTHCKa y  CHCTeMy j e  H H H iuipao  n p o u e c  cyjK t)H JIH 'iai;H je h ,  j i c j io m , xeM aT H T H 3aitH je  
o k o j i h h x  cTeH C K H x M a c a .

H a cT a H a K  Si02 KojH HHTeH3HBHO cHJincJ)HKyje OKOJiHe CTeH e, 6 h o  j e  B e3aH  3 a  HH3 
ajirepauH O H H X  n p o n e c a .

Y  p a j iy  c y  H a js H a T a ji iH ji i  n p o u e c H  a j r r e p n c a i h a  n p e j^ c T a B jb e H H  x e M n jc K H M  p e a K -  

U n ja M a  ( o j i  1 j io  8 ) .  C B e  o B e  p e a K u n j e  c y  c n o H T a H e  h i t o  n o T B p h y jy  n o j i a i u i  o  h > h x o b h m  

H 3 p an y H aT H M  c j i o 6 o j u i h m  e u e p r n j a M a  (A G [x.arau(je =  Z A G n!1oayKaTa -  S A C if(ealcra,[aTa) . H e r a T H B im  

3H aK  3 a  A G peaKI(HJC r o B o p n  j j a  j e  p e a K i u i j a  c n o H T a H a . T a K o t j e ,  H 'i p a ' iy n a T e  c y  h  r j i o 6 a j i H e  

n p o M e H e  3 a n p e M H H e  c B a K e  p e a K i i n j e  (A V peaKllHJC =  E V „ pojyKaTa -  S V peaKTaHaTa) . C B a  i i e o n -  

x o j jH a  H 3 p a H y H a B a i ta  noM eH yT H X  n a p a M e T a p a  6 a 3 H p a H a  c y  H a  n o j ja n H M a  K o jn  c y  n p H K a -  

3aH H  y  T a 6 e j iH  3  ( R o b i e  e t  a l . , 1 9 7 9 ) .

Tađejia 3. H eK Ji b ;i* h h  (J)H3PWKOxeMHjcKH n a p a M e T p a  nojejHHHX M H H epajia  

Table 3. Some important physico-chemical parameters for various minerals

MHicpaji (Mineral) <J>opi\tyjia (Formula) AGf° (kj/mol) Vmoi (cm3)
MycKOBHT (Muscovite) KAl3Si3O,0(OH)2 -  5600 140.7
CepHi(HT (Sericite) KAl3Si3O10(OH)2 -  5900 140.7
B h o t h t  (Biotite) K(MgyFe)3AlSi30 8(0H )2 -4810 159.0
X jio p h t  (Chlorite) (M g fe )6Si4O10(OH)8 -  8080 244.0
KaonHHHT (Kaolinite) Al4Si4O10(OH)8 -7598 199.0
Ahoptht (Anortite) CaAl2Si20 8 -4 2 2 0 100.8
Aji6ht (Albite) NaAlSi30 8 -  3900 100.7
OpTOKJiac (O rth o c la s e ) KAlSi30 8 -3 9 5 0 108.7
KnaHHT (Kyanite) Al2S i0 5 -  2441 44.1
KBapii (Quartz) S i02 -9 1 1 22.7
Bo/ja (Water) H20 -2 3 7 18.1
Ca —jo H  (Ca -  i o n ) Ca2+ -  554
Na — jo H  (Na -  i o n ) N a* -2 6 2
K — jo H  (K -  ion) K+ -282
H - j o H  (H -  ion) H+ 0.0

KoM njieKCHHM  TepeHCKHM h  J ia 6 o p aT o p n jcK H M  n c rrpa>K H B aH ,H M a j e  j ( 0 K a 3 a i i0  j i a  c y  
cepHH HTH3aHHja h  K aojiH H H 3aH iija  o c h o b h h  h  H ajp acn p o cT p aB b eH H jH  ajiTepaiuionn n p o -  
HecH y  rpaHHTOHjiv B y K y jb e  (T a 6 e j ia  2). K aK O  o b h  i ip o n e c n  H ajB H ine y n r i y  n a  c ^ e j i j i c n a -  
T e h  n jia rH O K n a c e , n o M e n y T e  r p y n e  M H H epajia  c y  y  paji;y  h  H ajB H iue H 3 y ia B a iie .  X j io p n -  
TH i a n n ja  6 n o T H T a  h  K aojiH H H 3aH H ja M ycK O B H Ta c y  3 a  npejiM C T  p a j j a  o j i  M a ih e r  HHTepeca, 
6 y jjy h H  j ia  cy  K o n n e i n p a n n j e  t h x  npHM apHHX M H H epaJia y  rpaiiH T O H jjv  B y K y J b e ,  y  n o p e -  

t^eniV c a  jipvrH M  n e T p o re H H M  M H H e p a jiH M a , HHCKe. CaMHM t h m  h  K O H H eiiT pannj a  o j u  o -  
B apajyhH X  M H H epajia  K o jn  c y  H acT ajiH  K ao  n o c j ie j i im a  H ,H xoB or a j iT e p n c a ib a  j e  T aK o l)e  
HHCKa. KoJiHHHHa aH opT H T a y  n o p e l)e ii> y  c a  a ji6nT O M  pejiaTH B H O  j e  M a jia  c  o 6 3 H p o M  Jia 
j e  h  KOJiHHHHa o j in r o K J ia c a  y  rp a iiH T o n jiy  B y K y Jb e  (T a 6 e j ia  1 ) jaK O  M ajia . Y  jjaJbHM  h c -  

T pascH B aibH M a j e  n p eT n o cT aB Jb eH O  jja  j e  n J ia rn o K J ia e  n p B e n c T B e n o  N a - n j ia r n o K J ia c .  n o -  
J ia 3 e h n  o ji  o b h x  p e 3 y jiT a T a  h  o r p a i i H 'i e i b a ,  aJiaTepaH H O H H  n p o H e c n  c e  M o ry  i i p e j j c T a B i r n i  

c jie jieh iiM  peaK H H jaM a:
-  cepHHHTH3aHHja h KaoJiHHHsaunja MHHepajia luiai HOKJiaca -  aji6HTa h aHopTHTa:
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1) 3NaAlSi3Os + 2H+ = NaAl3Si3O10(OH)2 + 2Na+ + 6Si02 
a ji6 H T  c e p n i jH T

— 191 kJ ^̂ peaKUHje 25.2 CITI
2) 4NaAlSi30 8 + 2H20  + 4H+ = Al4Si4O10(OH)8 + 4Na+ + 8Si02

aJl6H T  KaOJIHHHT

AGpeaKipqe 146 kJ ^̂ peaKi[Hjc — 22.2 CITl
3) 3CaAl2Si20 8 + 2Na+ + 2H+ = 2NaAl3Si3O10(OH)2 + 3Ca2+

aH O pT H T  CepHI],HT

^̂ pcaKutijc “  “ 278 kJ ^̂ pe.-tKHHje — — 21.0 c m

4) 2CaAl2Si20 8 + 2HzO + 4H+ = Al4Si4O10(OH)8 + 2Ca2+
aH O pT H T  KaOJIHHHT

^CpeaKyHje — 208 kJ ^̂ peaKiiHje ~ 18.6 c m

-  cepH u;H T H 3aii;H ja h  KaojiHHH3aii,Hja MHHepajia c js e J if lc n a T a  -  opTOKJiaca:

5) 3KAlSi30 8 + 2H+ = KAl3Si3O10(OH)2 + 6Si02+ 2K+
o p T O K J ia c a  c e p n n ,H T

^OpeaKyHje — 80 kJ V̂peaKUHje — 49.2 c m

6) 4KAlSi30 8 + 2H20  + 4H+ = Al4Si4O10(OH)8 + 8Si02 + 4K+
O pTO K JiaC KaOJIHHHT

^̂ -*peaKHHje — 260 kJ ^̂ pcaKHHje “ 54.2 CHl

-  K ao jiH H H 3 an ,H ja  MycKOBHTa:

7) 4KAl3Si3O10(OH)2 + 4H+ + 6H20  = 3Al4Si4O10(OH)8 + 4K+
MyCKOBHT KaOJIHHHT

^CpeaKuHje 100 kJ A^';:eaKUli!; ' 34.2 CIH

-  H XJIOpHTH3aHIlja 6HOTHTa:

8) 2K(Mg, Fe)3AlSi3Og(OH)2 + 5H20  = (Mg. Fe)6Si4O10(OH)8 + 2K+ + 2H+ +
6H O TH T XJIOpHT

+ Si02 + Al2Si05 
’j'-aKi:a:c — ” 1191 kJ 'aaKCC'C — “ 7.2 cm

H a  y K y n H y  n p o M e H y  3 a n p e M H H e  CHCTeMa H e  y rn i Tiy  joH H  K o jn  c e  n o ja B J b y jy  y  p e a K iin -

ja M a , c  o63H poM  f la  c y  o b h  pacT B opeH H  y  B o/p i h  /(a  hx  oH a t o k o m  x n / ip o 'r e p M a j i i i e  aKTHBHOc-

t h  K po3 ip a ii ir ix )H ji  B yK yji> e o /ih o c h . T o  3 H a 'in  fla  j e  y ic y n H a  n p o M e H a  3 a n p e M H H e  c r e H e  

3aBHCHa caMO o /( 3anpeM H H C K e pa3JiH K e 'iBpc"i n x  c})a3a y  CHCTeMy.

BHJIAHCHPAH.E A.ITEPAHHOHHX nPOIJECA  
y  rPA H H TO H o;y i»yK>i.i

H a K O  c y  n p e T x o / iH e  je n H a H H iie  ^ o  o / i p e ^ e H e  M e p e  caM O  a n p o K C H M a iiH ja  y  o /(H o c y  

Ha o h o  i h t o  c e  CTBapH O  j(o i a l ) a  y  n p n p o f lH ,  j e p  c y  K o p i i u i h e i i e  c j io p M y jie  njieajinsoB atie  y  

o /jH o c y  H a  CTBapim xeM H jcK H  cacTaB M H H e p a jia  y  rp a iiH T O H /(y , c M a i p a  c e  /( a  j e  0 B a K 0  

n p H X B a h e H  m o /ic j i  H 3y3eT H O  K opH C T aH  3 a  o6jaiH H > eH > e c } ie i io M e iia  k o m p a K u ;H je  3 a n p e M H -  

He t o k o m  a j i T c p a i / i i j e  c T e H a .
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l l o j i a 3 e h H  o j(  CTexHOM Cri p n j e  xeMHjcKax peaKiinja h  0 3  n o 3 H a B a H > a  c T e n e H a  a j iT e -  

pan,nje MO*e ce JiaKO H3paqyiiaTH yKynHa 3anpeMHHCKa npoMeHa cncTeMa no jejtHOM 
MOJiy cBeacer MHHepajia t o k o m  aJiTepanHoiror npoijeca KOM e Taj M H H e p a ji noH Jie*e 
(TaSeJia 4 ) .

TaSena 4. 3iw<iajHHjH MHHep&jiH y cbokhm creHaM a, tmiobh h creneH ajiT epaunje , yKynHa 3anpeMHHCKa npoMeHa no  1 
MOjiy CBe>Ker MHHepajia tokom ajrrepauHOHor n p o ijeca  H 6poj McuioBa KBapna kojh ce noSnja ajrrepai(HjoM 1 
Mojia CBescer HeajrrepiicaHor MHHepajia 

Table 4. Important fre sh  m inerals, types an d  the degree o f  the  a lte ra tio n s, the total v o lu m e  chance per 1 mole o f  

fresh mineral in the alte ra tion  reac tio n  and the  n u m b e r of moles of quartz o b ta in ed  d u rin g  a lte ra tion  of 1 

mole u n a lte ied  fresh  mineral.
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K B apq  (Q uartz ) 32 .5  %

nnarH O K Jiac
(P lag io c lase) 3 3 .5  %

- a jič zT  
(a lb ite)

cepHi;HTH3ai^Hia
(se ric itiz a tio n ) 17 % -8 .4  cm 3

KaojiHHH3aHHja
(k a o lin iza tio n ) 23  %

3
-5 .5  cm 2

- aHOpTHT 
(an o rtite )

cepnnH T H sanH ja
(se ric itiz a tio n ) 17 % -7 .0  cm 0

KaoJiHHir-iaijnja
(k a o lin iza tio n ) 23 % -9 .3  cm 0

<I>cjijicnaT
(F e ld sp ar) 2 5 .6  %

- OpTOKJlaC
(o rth o clase)

cepH u;H TH 3aitH ia
( s e r ic i t iz a t io n )

17 %
3

-1 6 .4  c m 2

KaojiHHH3an,Hja
(k a o l in iz a t io n )

23 % -1 3 .5  cm 2

M vckobht
(M u sco v ite )

4 .0  % KaojiHHH3aitnja
(k a o l in iz a t io n )

23 %
3

+ 8 .5  cm 0

E hotht
(Biotite) 3 .6  % XJIOpHTH3altHja

(cnloritization)
2  %

3
-3 .6  cm 1

JJa 6 h  ce H 3 p a 'iy n a jia  yKynHa 3anpeM H Ha rpaHHTa 6 h j io  je neoiixo/uio onpeflHTH 
Koje cy t o  Te>KHHCKe c{)paKn;Hje MHHepaJia y H>eMy, a noTOM je, nojiasehn oj( no3HaTHx 
MOJiapHHX 3anpeMHHa (T a 6 e jia  3), yTBp^eHO jta 99,2 g cBeacer rpaHHTa 3ay3HMa 3anpe-



KonTpaicnnja 3anpeMHHe rpaHHTPHga EyKyjbe ycjieg 467

3
MHHy oĵ  37,67 cm (Ta6ejia 5). M3paqyHarra cnenncpH'JHa TOKHiia ncnHTHBaHe cTeHe

3H3HocHJia je 2,65 g/cm , m TO ce noKJiana ca no3H aTH M  BpeflHocTHMa 3a rpaHHT.

Ta6ejia 5. Koimempannja MHHepaJia y % y cbokoj rpaHHTHoj creHH, o;iroiiapajyha MojicKa (JipaKiiHja h 3anpeMHHa 
Table 5. Mineral co ncen tra tion  in w eigh t % in the fresh granitic rock, corresponding mole fractions and volum e.

M fliep a ji
Mineral

T okhickh

Wight
(%)

vmol
(cm' /mol)

Mt
(g/mol)

MojicKa i|)paKHifjii
X= tež.%/M, (mol) 

Mole fraction 
X= wt.%/M, (mol)

3anpcMHia 
Volume (cm‘)
v s= Vmo,* X

KBapq (Ouartz.) 32.5 22.7 60 0.54 12.26
f l j ia r H O K J ia c  -  aJ iG iiT  

(Plagioclase -  albite) 33.5 100.7 262 0.128 12.89

O e j i ^ c n a T  - o p T o i c n a c  

(Feldspar -  o r t h o c l a s e ) 25.6 108.7 278 0.092 10.00

M v c k o b h t  (Muscovite) 4.0 140.7 398 0.01 1.41
B h o t h t  (Biotite) 3.6 159.0 464 0.007 1.11
YKvnHo (Totall 99.2 37.67

IIpoupcH ajiTepHcaH,a iuiarnoKJiaca h cJjejijicna'ra y cepnnirr h KaojiHHHr, 3a Koje je
iipeTXOJiHO o;ipe()eii creneH ajrrepH caita (Ta6ejia 6, KOJiOHa A) HMajy 3a nocjiejiHiiy cMaH>eH>e'i
cappscaja cbokidc MHHepajia y cTeHH (Ta6ejia 6, KojioHa B y MOJioBHMa hjih KOJioHa f l y  cm) h
cTBapaifce ojipet)eiiirx KOJiininia ceKyHjiapiior KBapna (Ta6ejia 6, nocjiejpfca KOJioHa).
Ta6ejia 6. Canp>Kaj cb o k h x  MHHepajia, CTeneH aJiT ep aiin je , yKynaH 6 p o j ajiTepncaHHX MOJioBa, yKynHa MOJicKa 

npoMeHa n o  1 MOJiy cb o k c i M H H e p a J ia ,  CMaiteibe 3anpeMHHe cb o k h x  M H H e p a J ia ,  6 p o j M 0 Ji0 B a  K B a p u a  

CTBopeHHX n o  jejjHOM MOJiy a jiT ep n caH o r M HHepajia h  noSnjeH  6 p o j M0Ji0Ba ceK yH napH or KBapiia.
Table 6. Fresh mineral, alteration degree, no of moles altered, total mole change per 1 mole of fresh 

mineral, volume decrease of the fresh mineral, no quartz molecules generated per altered mole of 
fresh mineral and obtained no. of moles of secondary quartz.

MHiepa.i 
Mineral 
X (mol) 
Vx (cm3)

C t c ic « ancpaniTjt 
Alteration degree 

y («n) %
(A)

Bpoj 
ajrrepHcaiHX 

Mojiona 
No. of moles 

altered
(B)

v r/„
(cm3)

(C)

B*C
(cm')

(D)

Epoj Mo.ioBa 
cTBopeaor 

KBapqa 
Moles of quartz 

generated

( 'ckv B iapm i 
KBapii (moji) 
Secondarv 

quartz 
(mole)

N a -n J ia rH O K Jia c  

(Na-plagioclase) 
0.128 m o ji (mole) 
h jih  (or) 12.89 cm!

CepHHHTH'iaiiHja
(Sericitiation) 

17 %
0.022 -8.4 -0.18 3 0.066

K aojiH H H 3ai(H ja

(Kaolinization)
23%

0.029 -5.5 -0.16 2 0.058

K-cjieJi^cnaT 
(K-feldspar) 
0.092 m oji (m ole) 
h j i h ( o t )  10.00 cm ‘

C e p H U H T H 3 a iiH ja  

(Serieitization) 
17 %

0.016 -16.4 -0.26 2 0.032

KaOJIHHH3IIHja
(Kaolinization)

23 %
0.021 -13.5 -0.28 2 0.042

Y K vnH 0 (Total) -0.88 0.198

KaKO je KOirrpaKHiija 3anpeMHHe CHCTeMa KojH ce aJiTcpmiie iiocjiejimia ajrrepaiin- 
ohhx npon;eca, 3a kojih'IHHV ojj 99,2 g hjih 37,67 cm3 rpaHHTa VTBp^ena je 3anpeMHHCKa 
pa3JiH K a (AVr), H3Me^y CTaH.a npe h nocjie ajiTepaHHOHHX nponeca, oĵ  0,88 cm , ojpioc-
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3
h o  y K y n H a  3 an peM H H a a j n c p n c a n e  cT eH e  H 3 H o cH Jia  j e  36,79 c m  . 3anpeMHHCKa p a 3 J iH K a  

y npou;eH TH M a j e  2,3%. K ojiH H H H a o c J io 6 o l? e H o r  c eK y H jja p H o r K B a p u a  j e  0,189 M O Jia h j i h  

4,49 cm3, 0 flH0 CH0  11,88 g  S i0 2.
J la G o p a T o p n jc K a  n c m n n B a iL a  Ha cajip>K aj c e K y i i / ja p n o r  KB apn;a y  a jiT e p n c a H o j CTe- 

h h  n o K a 3 a jia  c y  ; ja  c e  o h  K p e h e  o j j  0 j to  22% ( c p e j u t e  7%). HaKo c y  cT eH e  K o je  oKpy>K- 
y jy  M H iie p a j i i i3 a n n jy  H 3y3eT H O  CHJiHC^HKOBaHe H n a K  c e  M o r y  y o 'iH T H  S H a 'i a jn e  K O J in 'im ie  

c e K V H jia p n o r  K B a p i ;a  y  x H n ,a M a  h  n p c jiH H a M a  K o je  c y  H a cT a jie  t o k o m  cT p y K T y p H e h  r e o -  

j io m K e  K o n c o jiH jia i iH je  r p a i iH T O n j ia  ByKyjbe.

TaSena 7. BraaHC ajiTepaqnja rpaHHTOHffa EyKyjbe n p e  h  HaKOH ajiTepai;H0H0r npoijeca.
Table 7. Weathering audit of the Bukulja granitoid before and after alteration (weathering) process.

MnHcpaji
Mineral

Ilpe 
l itpamija
Before

alteration
(mole)

E po j a.nepHta«H X 
MOJIOBa 

No. of moles 
altered)

Ilocjie
aJiTcpannjc

(After
alteration

(mole)

Mw

(g)

Ilpe
a .n ep an H je

Before
alteration

(g)

Ilocjie
ajiicpaiiH jc

After
alteration

(e)
K B apu
(Ouartz) 0.54 0.54 60 32.5 32.5

FIjiarHOKJiac
(Plagioclase) 0.128 0.051 0.077 262 33.5 20.17

<J>ejincnaT

(Feldspar) 0.092 0.037 0.055 278 25.6 15.29

MyCKOBHT
(Muscovite) 0.01 -0.01 398 4.0 -4 .0

B hotht

(Biotite) 0.007 -  0.007 464 3.6 -3 .6

CeK. KBapa 
(Sec. quartz) 0.0 0.198 60 0.0 11.88

CepHIIHT
(Sericite) 0.0 0.0127 398 0.0 5.05

KaOJIHHHT
(Kaolinite) 0.0 0.0125 258 0.0 3.23

YKynHo

(Total)
99.2 95.72

H a  0CH0By H3pa'ryHa'inx nojjaTaKa Moace ce ca'iHiiimi Kona'uiH 6iuianc ajrrepaujioHHX 
npoHeca (Ta6eJia 7). AJirepaiiHOHH npon,ec HMa 3 a  iiocjiejrHHy iy6jben>e cBeace creHe h jio6njaH>e 
hobhx KOJiHHHHa ccKviijiapHiK MHHepaJia. YKyiiHH 6HJiaHC n o K a 3 y je  jja je yKynHH ry6irraK Mace y 
ajiTepncaHOM cncreMy 3,48 g hjih 3,51% y oj(iiocy Ha nojia3Hy kojih'huiv ojj 992 g cbokc 
ipaHirme creHe. H'ipa'ivuaTa y K y m ia  Teaonia creHe HaKOH aJiTepaujije H3HOCH 95,72 g. 3aocraJia 
KOJiH'uiiia HeajrrepHcaHor rp aH H T H o r MaTepHjana nocne rUiTepaii,noiuix nponeca h3hoch 75,56 g 
hjih CBera 78,9 % oji yKymior CTeHCKor cajp>Kaja Kojn je 3ajip>Kao je KapaKTepHCTHKe cbc>khx 
rpaHHTHHX creHa. K o j in 'u m a  ccKyiijiapHiix MHHepana Kao iirro cy cepiinirr, KaojiHHHT h Kiiapi i je 
20,16 g. M'ipa'iyHaia cneniKjanuia Teaonia ajrrepncaHe crene je 2,60 g'cm. H3MepeHa 
ciieniicfin'iiia Te>KHHa rurrepncaiie creHe 6hjih je cKopo Hcra hjih Heinro Maira ojj H3pa'iyna'ie.

3AKJby*lAK

n p o c T o p H H  n o j io a c a j  X H j(poT epM aJine  M H H epajiH 3an,H je y p a H a  y  rpaiiH T O H jiv  B y K y - 
ji>e j e  y  o c h o b h  KO H TpojiH caH  CTpyKTypHHM e jieM eH T H M a -  p ace jjH M a h  n p a T e h H M  n y K O - 

t h h c k h m  cHCTeMHMa. O c h m  y  H>HMa, 'iH a 'ia ja i i  j je o  p v ju ie  M H H epajiH 3an;H je j e  T ecH O  B e -
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3 aH  h  3 a  npcJiHHCKe n p o c T o p e  k o jh  c y  H acT ajiH  t o k o m  HH TepaK ii,H je X H ji;poT epM ajiH H X  

( ju iy n /(a  c a  M aT H 'inoM  c tc h o m .  ( ) 'i y / ( a  c e  k o h tp a K ii ,H ja  3anpeMHiie i p a n n 'r o n / i a  K ao  n o c -  
J i e /p i j a  c{iH3HMKo-xeMiijcKHX n p o n e c a  y c jie /(  //e jcT B a  x n /ip o T e p M a jin n x  p a c T B o p a  T aK o t)e  
MOSKe T peT H paT H  K ao  k o h t p o j i h h  c jiaK Top n p o c T o p H o r  n o j i o x a j a  o p y jp te i i> a  y p a n a .  A j i -  
T ep an ,H je  npHM apHHX n eT p o reH H X  M H H epaJia K o je  c a /ip > K e  n o B H iu eH  ca/ip>Kaj ajiKajiHHX h  
3eMHoaJiKaJiHHX M e T ajia  K ao  i i i t o  c y  iu ian iO K JiacH  h  c |jc j i / ( c u a rrH, c y  o c h o b h h  n p o u e c n  
K o jn  c y  /ižu ih  noM eH yT H  h o b h  n p o c T o p .  C b h  o h h  n p o c T o p n  K o jh  c y  HcnyH>eHH n o M e- 
HyTHM npHM apHHM  M HHepaJiHM a n p e /ic T a B Jb a jv  iio 'i’c i in n ja j iH a  M ecT a  3 a  fleu o H O B aih e  
ypaH C K e M H H e p a jiH sa n n je  h  M H HepaJiH 3an,H je K o ja  ca/ip>KH y p a H  K ao  e JieM eH aT  y  T p a r o -  

BHMa. To 3H a'iH  /ia  c y  3 0 H e  c a  noB ehaH H M  CTeneHOM  a j r r e p a m i j e  y je / in o  h  M ecT a H a K ojn- 
Ma c e  oflB H ja //H ceM H iian n ja  y p a H a . I J o p e /r  o b h x  n p o c T o p a  y p a H  j e  T ajio 5 « eH  h  H a y o 6 n -  
'ia jeH H  i ia ’iH ii y  p a c e jn iM a  h  n p c jiH H aM a rpaiiH T O H //a  B y K y j te .
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THE VOLUME CONTRACTION OF THE BUKULjA GRANITOIDE DUE 
TO HYDROTHERMAL ALTERATION: THE CONTROLLING FACTOR 

OF THE URANIUM MINERALIZATION IN THE PARENT ROCK
by

* *
Ivan G ržetić  and Rade Je lenkoviđ

The influence of hydrothermal activity. before and during ore deposition in Bukulja granitoide is measured 
by determination of volume contraction of the parent rocks. On the basis of the field investigations, experimental 
laboratory measurements and appropriate model the total volume chance of the solid phase (AVr) was calculated 
assuming that all reaction components are known for dominating alteration processes. The obtained results were 
scaled to 1 mole of each altering mineral (AVr/h) in the system.

There is a direct dependence between the volume contraction of the granitoide and the localization 
and amount of the uranium containing mineralization in the parent rock.

Key words: Bukulja granitoide, alterations, degree of alteration, weathering audit

INTRODUCTION

The Bukulja granitoide compex was a suitable geological environment for deposition 
of numerous low temperature hydrothermal deposits and occurrences of uranium belonging 
to the lateral-secretional type of mineralization. The ore appears mainly in the form of 
veins, lenses and irregular shaped bodies with disseminations type of mineralizations. It is 
localized in the fault zones and the accompanying fissure systems in the southem and 
south-westem parts of the granitoide complex (Je lenković , 1988, 1989, 1991). The 
genesis of uranium mineralization is rather complex process (Jelenković  & G ržetić , 
1995; G ržetić & Je lenkov ić , 1995) which can not be investigated separately from the 
alteration processes, this paper treats alteration (weathering) processes alone as a physico- 
-chemical process.

More thorough investigations have shown that ore mineralization was controlled not 
only by "classical" factors (magmatic, structural et al.), but also by different facies of hy- 
drothermal alterations. The most prominent consequences of these alterations are the 
structural and chemical changes of the parent rock minerals. These processes are physico-

University of Belgrade, Faculty of Mining and Geology, Djušina 7, 11000 Belgrade.



472 I. Gržetić and R. Jelenković

-chemical and they are always followed by volume changes which appear as a difference 
between fresh and altered rock minerals.

Free space for fluid percolation and mineral deposition during hydrothermal proces- 
ses could be obtained by physical activities in the crust which can give for example 
faults and accompanying fissures and chemical activities which can ether exchange parent 
roek minerals for ore minerals (metasomathosis) or altered parent rock minerals which con- 
sequence is volume contraction which gives free space for additional ore mineralization.

In the case of Bukulja granitoide volume contraction opens an additional free space 
for mineral deposition during mineralization process. This is one of the most important 
processes which permits mineralization during hydrothermal activity besides mineral depo- 
sition in faults and fissure systems.

COMPOSITION OF THE BUKULJA GRAMTOIDE

Field and laboratory investigation have shown that the Bukulja granitoide consist ol' 
several main mineral species and a large number of accessory minerals which are repre- 
sented in Table 1.

Qualitative trace element analysis have shown that Bukulja granitoide contains low 
concentrations of: Ga. Ba, Sr, Be, Li, Rb, Sn, Mo, W, U, Th, Ra etc.

ALTERATIONS OE THE BUKULJA GRANITOIDE

In general, facies of alterations of the Bukulja granitoide accompanying ore minerali- 
zations were the consequence of the acid hydrothermal activity. The pH of the acid fluids 
was controlled by the fugasity C 02 in the hydrothermal system, since the granitoide is in 
contact with surrounding carbonate rocks.

In relation to the period of uranium mineralization one can resolve the following al- 
teration fazes: 1) predepositional, 2) sindeposition, and 3) postdepositional alteration pha- 
se. The main alteration types are: a) argilization (pre- and sindepositional) which is cha- 
racterized by the presence of sericite, kaolinite and chlorite in the altered rock, b) sili- 
fication (pre- sin- and postdepositional) which accompanies always all kinds of acid alte- 
ration of aluminosilicates, c) greisenization a powerful predepositional alteration process 
which opens a path for any other alteration process and structural transfomiation of the 
parent rock by leaching alkaline and calc-alkaline elements. The consequence of that pro- 
cess was the increase of the rock porosity. The specific weight of the fresh granitic rock 
is always higher the altered one.

Field and laboratory investigations shows that all altering facies of the Bukulja 
granitoide could be represented with several main alteration process (Jelenković , 1991). 
The degree of each alteration reaction is determined and represented in Table 2.

The accompanying, but less important alteration processes are albitization and pyriti- 
zation of the parent rock. Nevertheless, these processes did not influence the global ore 
forming process and uranium deposition.

Starting stages of hydrothermal activity, pre- and sindepozitional alteration processes 
(sericitization, chloritization and greisenization), are characterized by isostructural types of 
metasomatic exchanges. Ending phases of alterations are characterized by total and com-
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plete, structural and chemical changes of the parent rock. Many of these alteration proces- 
ses influenced the process of uranium deposition. Chemically and physico-chemically me- 
tastabile hydrothermal system enriched with uranium was disturbed by newly dissolved 
ion species from the wall jfocks which caused precipitation of various minerals of the hy- 
drothermal origin, among which uranium minerals or other minerals enriched with urani- 
um were found. But, there were some other processes which were not directly provoked 
by the mutual interaction of the wall rocks and hydrothermal system. Temperature and 
pressure decrease initiated processes of sulphidization and partly hematitization.

The production of Si02 necessary for the process of silification was tightly bound to 
some of the alteration processes. The most important alterations are represented by their 
reactions (from 1 to 8). All these reactions are spontaneous. That is confirmed by calcula- 
ti°n of free energy of reaction (AGreaction = 2  AGproducts -  E AGrcactants). The negative sign 
of AGreaction means that the reaction is spontaneous. Each reaction has its global volume 
change (AVreaction = 2  Vproducts -  2  Vreactants). All calculations are based on data (Robie 
et al., 1979) represented in table 3.

Field and laboratory investigations have proven that sericitization and kaoiinization are 
dominant alteration reactions (Table 2). Since these altering processes affect plagioclases and 
feldspars the most, it is decided to investigate them in more details. Chloritization of biotite 
and kaolinization of muscovite are less impottant because their concentrations in Bukulja 
granitoide are low in comparison to other rock forming minerals and the corresponding 
alteration degrees are minor. The amount of anortite is quite low in comparison to albite since 
the concentration anortite in oligoclase in Bukulja granitoide (Table 1) is very low. So the pla- 
gioclase in the further investigations is actually taken as Na-plagioclase. Nevertheless, the 
alteration (weathering) reactions could be represented by the following equations:

-  sericitization and kaolonization of plagioclase minerals albite and anortite:

1) 3NaAlSi30 8 + 2H+ = NaAl3Si3O10(OH)2 + 2Na+ + 6SiOz
albite sericite

AGreaction = -191 kJ AVreaction = -  25.2 cm3

2) 4NaAlSi30 8 + 2H20  + 4H+ = Al4Si4O10(OH)8 + 4Na+ + 8Si02
albite kaolinite

AGreaction = -  146 kJ AVreaction = -  22.2 cm3

3) 3CaAl2Si20 8 + 2Na+ + 2H+ = 2NaAl3Si3O10(OH)2 + 3Ca2+
anortite sericite

AGreaction = -278 kJ AVreaction = -  21.0 cm3

4) 2CaAl2Si20 8 + 2H20  + 4H+ = Al4Si4O10(OH)8 + 2Ca2+
anortite kaolinite

AGreaction = -  208 kJ AVreaction = -  18.6 cm3

-  sericitization and kaolonization of feldspar mineral orthoclase:

5) 3KAlSi30 8 + 2H+ = KAl3Si3O10(OH)2 + 6Si02+ 2K+
orthoclase sericite

AGreaction = -  80 kJ AVreaction = -  49.2 cm3
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6) 4KAlSi30 8 + 2H20  + 4H = Al4Si4O10(OH)8 + 8Si02 + 4K
orthoclase kaolinite

= -  260 kJ AVreaction = -  54.2 cm3

-  kaolinization of muscovite:

7) 4KAl3Si3O10(OH)2 + 4H+ + 6H20  = 3Al4Si4O10(OH)8 + 4K+
museovite kaolinite

AGreaction = -  100 kJ AVreaction = + 34.2 cm3

-  and chloritization of biotite:

8) 2K(Mg, Fe)3AlSi3Og(OH)2 + 5H20  = (Mg, Fe)6Si4O10(OH)8 + 2K+ + 2H+ +
biotite chlorite

+ Si02 + Al2SiOs 
AGreaction = -1191 kJ AVreaction = -  7.2cm3

There is no contribution of the ions in the total volume change of these reactions 
since they were dissolved in water and carried away during percolation of the hydrother- 
mal fluids through the granitoide system o Bukulja. Actually, the total volume change is 
only dependent on the volume difference between solid phases.

VVEATHERING AUDIT OF THE BUKULJA GRANITOIDE

Although the weathering (alteration) reactions previously represented are to some ex- 
tent approximations of what really happened in nature, since the used formulas exhibit the 
idealized ehemical composition of the granite constituent minerals, it is assumed that the 
accepted model is a powerful tool to explain the volume eontraetion phenomena.

Following the stoichiometry of the chemical reactions and knowing the alteration de- 
gree one can easily calculate total volume change per 1 mole of the fresh mineral during 
its alteration into end products (Table 4).

In purpose to calculate total volume of the granite it was necessary to find out what 
are the weight fractions of the constituent minerals and then, on the basis of known mo- 
lar volumes (Table 3), to conclude that 99.2 g of fresh granite has the volume of 37.67 
cm (Table 5). The calculated specific gravity of the investigated rock is 2.65 g/t, what is 
an exact value for granitic one.

The process of plagioclase and feldspar alterations into sericite and kaolinite with 
previously determined alteration degree (Table 6, column A) gave certain loss of fresh

3
minerals (Table 6, column B in moles, or column D in c m ) and generated correspond- 
ing amounts of secondary quartz (Table 6, last column).

Since the volume contraction is a consequence of the alteration process, for the amount of 
99.2 g or 37.67 cm3 of granite it was found that the volume difference (AVr) between the sta- 
tes before and after alteration process was equal to 0.88 cm , or the total volume of the corres- 
ponding altered rock is 36.79 cm . The volume decrease is equal to 2.3%. The amount of the 
released secondary quartz is 0.198 mole or 4.49 cm \ or 11.88 g Si02. The laboratory investi- 
gation of the secondary quartz in the rock samples have shown that its amount in the total
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quartz in the roek varies from 0 to 22 % (average 7 %). Although the rocks surrounding the 
hydrothermal mineralization are strongly silified, one can fmd considerable amounts of quartz 
in the vein systems and cracks arose during structural and geological consolidation of the 
Bukulja granitoide.

On the basis of the calculated data one can make a final weathering audit (Table 7). The 
alteration process caused the loss of fresh rocks and the gain of secondary minerals. A total 
audit says that an overall loss of mater is 3.48 g or 3.51 % in comparison to the starting 
material (99.2 g). The calculated weight of the rock after alteration process was only 95.72 g. 
The amount of the unaltered rock after alteration process is 75.56 g or 78.9 % of the total 
altered rock retained characteristics of the fresh granite. The amount of the secondary minerals 
sericite. kaolinite and quartz is 20.16 g. The calculated specific gravity of the altered rock was 
2.60 g/t. The real value was less or almost the same as the calculated one.

CONCLUSION

The space distribution of the hydrothermal mineralization in the granitoide of Buku- 
lja is mainly controlled by the fault structures and rupture systems. But considerable 
amount of the mineralization was tightly bound to pore systems arouse during interactions 
between hydrothermal fluids and the parent rocks. The volume contraction as a conse- 
quence of physico-chemical changes of the granitoide due to hydrothermal activity which 
produced some new available space for the mineralization of dissemination type which 
could be as well treated as a controlling factor for mineralization spatial distribution. The 
alteration of rock minerals with high content of alkaline and ealcoalkaline elements, like 
plagioclases and feldspars, are actually the main processes which gave new space. All 
those locations with high concentration of these minerals are potentially the places where 
the uranium mineralization and mineralization that contains traces of uranium should dis- 
seminate. So, the advanced alteration sites are at the same time the sites of uranium dis- 
semination beyond the fault and fisure structures in the Bukulja granitoide.

Translated by authors
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