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y j!K  549.08:553.635.1(497.11 ) OpnrHHajiHH HayHHH pajj

MHHEPAJIOrMJA, nETPOJTOrHJA, TEOXEMHJA 
MINERALOGIE, PETROLOGIE, GEOCHIMIE

PE3yJITATH JIABOPATOPHJCKHX HCHHTHBAH.A MHHEPAJIHE 
CynCTAHUE H3 AHXH3PHTCKO-rHnCHOr JIEJKHUITA 

jinnHHUA y  r p y * H  k o ,h KPAryjEBHA

M n j i o j a  M j i n h a * ,  T o p j i a H e  P a j ;y K H h * ,  C T e B a n a  T o y p H h a  ,
A f l a M a  J ] ,a H r H h a  h  B e c H e  n o x a p i j - J I o r a p

JIa6opaTopHjcKa HcnHTHBaH>a MHHepaJiHe cvncTaHLie H3 anxn3pnTCKO rm ic i io r  j io K H im a  JInnHHua, Koja 
cy ofiaBHJiH ay T o p n  0B 0r p a jia , cacro ja jia  cy ce  oj( MHKpocKoncKHX, pcHHreiicKHX, TepMHMKHX. HHr{ipanpBCHMX 
cneKTpocKoncKHX h  xeMHjcMix HcnHTHBaH>a. JHoGHjeiiH pe3yjiTaTH npcncraBJi>ajy inaMajan . lo iip n iio c  no3Ha- 
BaH>y MaTepnjaJiHHX ojjjiHKa (M HHepaJinor H xeMHjcKor c a c ra B a )  H reH e3 e  o b o t j ie * H u rra .

K . b v n e  p e i a :  Jia6opaTopHjcKa HcnHTHBatba. MHHepaJiHH h  xeMHjcKH cacraB. aHXHjipHT h  th iic , .'Ihiiiihija. I py>Ka.

y B o a

y  o b o m  p a jiy  npH K a3aH H  c y  p e3 y jiT aT H  Jia 6 o p aT o p iijcK H X  (M H K pocK oncK H X , p e n ji -  
reHCKHX, TepMHqKHX, HHCj)paHpBetIHX CneKTpOCKOnCKHX H XeMHjCKHX) HCIIHTHBaiba 15 
n p H M ep a K a  M H H ep ajin e  c v n c T a H iie  H3 je jiH iio r aKTHBHor aH X H n p H T C K O -iH n c iio r J ie ac n iii-  
T a  y  C p 6 i i j i i  -  JTnnHHHe, K oje c e  H ajia3H  y  o 6 jia c T H  r p y x e  koj< K p a ry jeB D ;a . C b h  n p -  
HMepHH c y  y3eTH  H3 noji3eMHHX pyj^apcK HX p a jjo B a : 12  o jj  C T p an e  n p B O H aB e jien o i a y r o -  
p a ,  a  3  ojj C TpaH e H i i K O J in h a  H n p .  (1 9 7 8 ) .  O B a  J ia 6 o p a T o p n jc K a  n c n H T H B a ita  c y  Bp- 
rn e H a  y  ijHJi,y yTBpt)HBan>a M aTepnjaJiH H X  ojp iH K a (M H H epaJiH or h  x eM H jcK o r c a c T a B a )  h  
pa3jaiiiH >eii>a re H e 3 e  n o M e n y T o r  J ie ^ H iH T a .

H O  KHIIKI KAPAKTEPHCTHKEJIF./KHIIITA IMIIIIMUA

reoJioniKe KapaKTepncTHKe JIhiiiihhc, Kao h jipvrnx Kajni;iijyMcyjic}iaTnnx (aiixn- 
j^Phtcko—rHHCHHX) JiejKHiiira y o6jiacTH Fpy»ce koji KparyjeBH,a, npHKa3ane cy caaceTo 
(npeMa H j i n h y ,  1 9 9 3 , 1 9 9 5 ) . OBa JieacnuiTa jaBJbajy ce y  ropitojypcKoj BVJiKaHoreno- 
—cejjHMeHTHoj (j(Hja6a3-poacHaTiKoj) cJ^opMaHHjn h to  y OKBHpy jeflHe 30He OMefjetie 
pacejjHMa (c ji. 1). QHja6a3-po5KHaHKa cJ)opMaHHja je H3rpaheHa oj  ̂ nemHapa, niHHana,

PynapcKO-reojTomKH <J>aKyjiTeT, rByuiHHa 7 ,1 1 0 0 0  B eorpaji.



j ia n o p a ija ,  a o jio m h th h h h x  K peM ftaK a h  po>KHaija, c a  KojHMa cy aco iinpaH H  6a3iiHHH Mar- 
MaTHTH (jiH ja6a3H  h  cnHJiiiTH). K aJiniijyM cyjicjiaTHa JiO K H nna ripejicT aB Jbena cy  BehnM 
hjih  Man>HM TeJiHMa nenpaB H JiH e coHHBacTe hjih  nJiacT acT e (J>opMe K oja ce  y jiH ja 6 a 3 -  
- p o ^ i ia 'iK o j  4)opM aiiH]H jaB Jbajy  cnopaflHHHO, aJiH yBeK K ao cHiixpoHHiin e  h k o h k o p - 
j ia ir n ie  TBopeBHHe (o  ' icm v  c n e ^ o 'ie  n ecT a  npcT acT a  3aB JiaH eiia  h  H iiT epK ajia ijn je  ce^H - 
M enaTa oBe (J jopM aunje y noMeHyTHM JieacHHiTHMa).

Cji. 1 . reojiouiK a cKHua Jie> K H in T a JlnnHHua H cyJT4 ) a T o i i o c i i e  30He y OK BH py ropH,ojypcKe ByjiKaH0reH0- 
-cenHMeHTHe (3H ja6ai pox<Ha'iKc) cjiopManHje y oOjiacTH r p y * e  koh K paryjeB ua (no  H j in h v .  1993). 
1. MnoueHCKH ceflHMeHTH; 2. noitoKpejiHH cc/(HMeiiTH; 3. cyji({)aT0H0cna ropH.ojypcKa ByjiKaHoreHo- 
—ceflHMeHTHa ([jopMauHja; 4. reojiouiK a rpaHHija; 5. pacen; 6. nojaBa aHXH«pHTa H rn n ca ; 7. j i o k h i i i t c  

aHXHflpHTa h  rn n ca  JlniiHHua.
Fig. 1. Geological sketch of the Lipnica deposit and of the sulphate-bearing  zone of the U pper Jurrasic 

V olcanic-Sedim entary (D iabase-C hert) Form ation in the Gruža area (after I l i ć ,  1993). 1. M iocene 
sediments; 2; Lower Cretaceous sedinients; 3. the sulphate bearing Upper Jurrasic V olcan ic-S edi- 
mentary Formation; 4. geologic boundary; 5. fault; 6. occurrence of anhydrite and gypsum; 7. the 
anhvdrile gypsum deposit of Lipnica.

H a jB e h e  h  c k o h o m c k h  H aj3 iiaH ajH H je  J ie * H U iT e  j e  JlH nH H iia , K o je  c e  e K c n jio a T H iiie  
B H iue o ji rn e c T  jjen eH H ja . O h o  HMa o 6 j ih k  n o B H je H o r iie n p a B iiJ iH o r  c o ’iiiB a  r e n e p a j i H o r



npy>KaH>a 3 C 3 - M J M , HHja jjy>KHHa h 3hoch  oko  1 k m , MaKCHMajraa n iiipH iia  -  o k o  3 0 0  m , 
a  MaKciiMaJiHa fle6jbH H a -  oko  60  m  ( c ji. 1).

Y  jih iihhm kom  J ie m m iT y  anxH flpnT  je  npH M apaH  h  j^oMHiiaiiTaH Kajiii;njyMcyJKf)ar[ iiH 
M iiiiepaJi; H a jx o M o rem ije  anxH/ipHTCKe napT H je n a jia ^ e  c e  y jiy6jLHM j(ejioBHMa j io k h i t i -  
Ta. I 'h iic  je  n a c T a o  xnnpaT ai;H joM  aHXHjipHTa noj( y  rHi;ajeM noj(3eM Hiix BOj^a; H ajxoM ore- 
HHje FHiicHe n ap T iije  3acT ynjbeH e cy  y HajBHmeM jie jiy  Jieacnm T a ( t3 b . " rn n cH a  K ana"), 
y3 KOHTaKTe ca  o k o jih h m  CTeHaMa h  o k o  B ehnx  pa3JioM a y Jie>KHmTy. Y o n m T e  y3eB, y 
J ie* H m T y  je  H ajpacnpocT paibeH H ja  jjeJiHMHHHa rimciicf)HKaHHja aHXHflpHTa K oja ce  p a3 - 
BHJia jivac MetjycJiojiiHX nyKOTHHa (T ajja  cy  y aiiXHjipiiTCKoj MacH 3acT yn jbeH e rm ic iie  
T paK e) K ao h  j i v *  nyK O T H H a h  n p c jim ia  ynpaBHHX (p e b e  k o c h x )  n a  cjiojeBHTOCT. 3 6 o r  
T o ra  y Jie*H iiiT y  n o c T o je  c b h  n p e jia 3 ii oj^ t o t o b o  h h c th x  aHxnjipHTCKiix M aca (y ne3 iiaT - 
hom  cT eneH y rHncHcj>HUHpaHHx) jjo  t o t o b o  h h c th x  rHncHHX M aca (c a  peTKHM aHXHj(pHT- 
CKHM peJIHKTHMa).

IIpeTB apaH >e aiixnjipH T a y th i ic  6 h jio  je  npaheH O  3iiaTHHM iiO B ehaibeM  3anpeM H iie 
(3 a  o k o  3 0 % ) . n in p e ib e  H 0B 006pa30B aH 0r r n n c a  n p 0 y 3 p 0 K 0 B aji0  je  JioKajiH e TeKTOHCKe 
(nJiHKaTHBHe h  jjHcjyHKTHBHe) jiec})opMaHHje h  t o  KaKo y caMOM rn n c y ,  TaKO h  y o 6 o jj-  
HHM TOpibOjypCKHM Cej^HMeHTHMa.

M aK pocK oncK a MHHepajioiHKa n p o y tiaBaH>a y noji3eMHHM pvjiapcKHM pajtOBHMa y jie- 
>KHiirry JImiHHU,a cy H0Ka3aJia jja cy anxnjjpHTCKe Mace norJiaBHTo npejic'raBJbeH e kom - 
naKTHHM KpncTajiacTHM arperaTH M a aitxnjipHTCKHx 3pHa, oji Bpjio c h th h x  n a  jjo cpejiibe  
KpynHohe. AnxHj(pHTCKe Mace BehHHOM HMajy jjo 6 p o  H3pa>Keiiy iipHMapHy cjiojeBHTOCT. 
B o je  cy  CHBe, y  pasjiH 'nm iM  HHjancaMa (y 3aBHCHOCTH oji npHM eca opraHCKe M aTepnje): ojj 
CBeTJIOCHBe JJO T3MH0CHBe, TOTOBO H,piie. y  OBHM aiIXHJipHTCKHM MacaMa ce  CIIOpajIH'IHO 
(o 6 h 'i iio  y  o6o ju ihm  jjejioBHMa Jie>KHiirra) jaBJbajy co'iHBa 6jiejjojL y6H 'iac 'ix)r aHXHjipHrra  y 
BHjiy K pncT ajino r a rp e ra T a  (B e jn ra m e  KpHCTana jjo 3 cm ), iipo3pa'iiiH X, cTaKJiacTe jio cejie- 
c})acTe cjajnocTH. 3 6 o r  jjo 6 p o  H3pa>Keiie u,eiubHBocTH n o  cBa ’ipH HHHaKOHjia: (001), (010) h 
(100), OBa 3pHa HMajy nceyjjoxeK caejiapcK H  xa6HTyc.

rn n c H e  M ace cy  norjiaBHTO npejjcT aB Jbeiie  3pnacTHM  arp e raT H M a, cpejiH>e3piiiiM  jio 
KpynH03pHHM; M e c ih m h ’iho  c e  jaB Jbajy  p a jm ja J in o -3 p a K a c T ii h  cj>H6po3HH a rp e ra T H  th ii- 
ca . rn n c H e  M ace cy  6 e jie  jjo cH Bo6eJie 6 o je . MaKO cy  H ajB ehe M ace r n n c a  3acT yn jbeH e y 
npHnoBpmHiicKOM  Aejiy  Jieacnm T a JlHnHHii;a, oBaj M HHepan je  m npoK O  p a c n p o c T p a ib e n  h 
y  iberoBHM  jiy6jbHM jiejioBHMa, r j je  ce  jaB Ji.a y bhjiv T paK a, co 'iH B a, »cnua h /KHJiima y 
aHXIIJjpHTCKOj M3CH.

y  neK H M  m y n jb H H a M a  y  M H iie p a j i i io j  M a c n  J ie a c n m T a  J lH m iH n a ,  y  n o jp e M H H M  p y j i a p -  

c k h m  paj^O B H M a H a IV  h  V x o p H 3 0 H T y , o T K p H B eH e  c y  J ip y 3 e  K p H C T a jia  e n c o M H T a  h  r n n c a  

( H H K O J i n h  h  I l o x a p i i ,  1975 .; H n K O J i n h  h  j j p . ,  19 7 8 .), a , n e j^ a B H o  h  x a j iH T a  (M jin h  
M . M . h  j ^ p . ,  19 9 5 a , 1 9 956 ). B a jb a  H C T a h n  j^a j e  t o  6 h o  n p B H  H a j ia 3 a K  xajiH T a y  C p 6 n jH ,  

a  j?a j j o 6 p o  p a 3 B H je m i  K p y n H H jn  K pH C T aJiii e n c o M H T a  n p e T C T a B J b a jy  cB eT C K y peTK O C T.

E n co M H T  (M gS04-7H20 )  c e  jaB Jba y BHjjy cK ynoB a K piiC T aJia , n p e r e ^ c i io  c h th h x  
(K p y n H o h e  ojj nap jieceTH X  jie jioB a M HJiHM eTapa  jjo nap MHJiHMeTapa), a c i io p a n H 'in o  h 
K p y n n n x  ( j iy * H iie  5-7 em ). KpncTajin en co M H T a  HMajy j jo 6 p o  n sp a ^ K e iie  iiJbocHH npH3- 
Me (o h h  c y  H3jjy>KeHH y  to m  npaB H y), a  M o ry  c e  p a3 a3 H aT H  h  3 a B p m H e  njbocH H  6 a 3 e ,  
jIOMe h /h j ih  6H iiH p aM im e. OBaj MHHepan je 6 e 3 6 o ja n ,  n p o 3 p a 'i a n ,  C T aK JiacTe c ja jH O c ra . 
Majie je TBpjmne (2 ) . T o pK ocjiaH or je yK yca h  n0T nyH 0 je pacTB opjbH B  y  b o j jh  H a Ba3- 
Jiyxy  6 p 3 0  j ie x n jip a T H iiie  h  n p e B Jia 'iH  c e  6ejiO M  cKpaM OM  H 3 rp a b e n o M  o jj M arH e^n jv M - 
ck h x  cyjic})aTa c a  MaH>HM 6 p o je M  M o jieK y jia  K p n cT a jiH e  Boj^e (y npBOM  p e j jy  xeK caxnj^pa- 
Ta, o jjh o c h o  M H H epajia  xeK caxH jip irra , a  M o ry h e  j e  h  neiiT axH jipaT a, T e ip a x H jip a  r a  h tj j .) .

X a jn iT  (KaMeHa co  -  N a C l) ce  jaB Jba y BHjjy K pncT ajia  x eK cae jjap cK e  c}>opMe, ny»:H- 
He HBHi^a j;o  7 cm . n o K a 3 y je  c a B p m e n y  u,enJbHBOcT 110 x eK cae jjp y . O B aj MHHepaji je  6e3-



6 o ja a ,  n p o 3 p a Tia n , cTaK JiacTe cjajHocTH. M a jie  je  TBp^Hiie (2 ). C j i a n o r  je  y K y c a . Y  bojjh 
c e  n0T nyH 0 pacT B apa.

K p n c T aJ iH  i H iica  c y  S a c 'ip n  h  6e36ojH H , npyT H hacT e c jiopM e, g v a c im e  h  j io  10 c m  
(H H K O J in h  h  j i p . ,  1978 ). IIo K a3 y jy  n o 6 p o  H 3 p a * e H e  i i j l o c h h  npH 3M e, nHH aK OHjja h  

^OM e; n o K aT K a#  c y  h  6jiH *H>eHH . B a j t a  HCTahn j(a c e  OBaj t h iic  y  M H oroM e p a3 JiH K y je  o n  
c e K v n j ia p n o r  r i i i i c a ,  K ojn j e  n p e n cT aB Ji.e H  K p n c T a jih c t h m  a r p e r a T H M a  h  k o j i h ' ih h c k h  j e  
H eynopeflH B O  B H ine 3 acT y n Jb eH .

I I I t o  c e  TH'ie re H e3 e  JlHiiHHH,e h f lp v r n x  Kaj innjyM cy jic}j a i ’Hux jieacHUiTa y o6jiacT H  
I ’py>Ke n o c T o jn  BHine pa3JiiiHHTiix iJ ie n n u iT a , K oja heM o HaBecTH n o  xp0H 0Ji0iuK 0M  
peflocjiefly:

1. Ra c y  t o  M eTacoM aTC K e TB opeB H H e H a cT a jie  f le j io B a ite M  cyjic{jaTHHX B o jia  H a 

K p e n i ta K e  K o jn  c a ^ p a c e  im p H T  M i l o j k o v i ć ,  1892; ) K y j o B H h ,  1893 ; A H T y j i a ,  1900; 
H j i n h  M . ,  1932) ;

2. n a  cy to  cejjHMeHTHe TBopeBHHe ( L u k o v i ć ,  1947);
3. ^ a  cy  t o  flH jaim p H  ( P e t k o v i ć  i M a r k o v i ć , 1956);
4. fla  c y  t o  o j i h c t o j i h t h  ( M a p o B i i h  h  M a p K O B H h ,  1978);
5. fla cy to  cy6MapHHCKe X H jjpoTepM ajm o-cejiH M eH TH e TBopeBHHe ( H j i n h ,  1 9 9 3 )

PE3YJITATH JIABOPATOPHJCKHX H C nH I H BAIbA

O fl yKynHO 45 npH M epaK a, K oje je  iipBOHaBej(CHH ayT op  npiiKvnHO H3 c b h x  jio c i'v h -  
h h x  noji3eMHHX p a ^ o B a  y  pyflHHKy J In n H H u a  -  n a  IV  (361 m ) , V  (357 m ) , V I (351 m ) h  V II 
(345 m ) X0pH30HTy, 3 a  J ia6 o p aT o p n jcK a  HciiHTHBau>a npB O  je  o f la 6 p a n o  12 K apaK T epnc- 
th h h h x ,  h  t o :  9 npH M epaK a H3 aiiXH/ipHTCKO—i'h iic h h x  M aca K o je  npejicT aB Jbajv  k o p h c h v  
MHHepajiHy cnpoBHHy, o jm o c n o  "pyfly" (3  np H M ep K a H3 xoMoreHHjHX aHXHjipHTCKHX Ma- 
ca: L - I V - 1 ,  L - V - 1 0 ,  h  L - V I - 8 ,  4  np iiM epK a H3 anxHjipHTCKHX M aca c a  3HaTHHM ca jip - 
>KajeM r iii ic a , MaxoM y  BHjjy TpaKa: L - I V - 4 ,  L - V - 5 ,  L - V I - 6  h  L - V I I - 7  h  2  npH M epK a H3 
xoMoreHiijHX nm cH H X  M aca: L - A - l  h  L - A - 2 ) ,  2  M O H O K pncTajia encoM H Ta: L - V - S j  h  

L - V S 2 h  je/(aH MOHOKpHCTaji xaJiHTa: L - V - S 3.
F o p e  noMeHyTHM iipH M epuiiM a npH K JbV 'iena cy  h rp n  paH Hje y3eT a  npH M epK a H3 

HCTor J ie * n m T a  (H H K O J in h  h  ^ p . ,  1978 ): je ^ a H  H3 K pncTaJiH or a r p e r a T a  6 jie j;oJby6H - 
'ia c T o r  anxHjipHTa c a  III X0pH30HTa h n o  jejiaH  M onoK pncTaJi n u ic a  h  encoM H Ta H3 

m v n jb H H e Ha IV  xopH 30H T y.
O bhx 15 npHM epaKa iionBprHyTO je  cjiepehiiM  Jia6opaTopHjcKHM HcmmiBaibHM a: m hk- 

pOCKOIICKHM, peHnreilCKHM, TepMH'IKHM (JJ,FA H T F ) , HHCfjpaupBeHHM CneKTpOCKOnCKHM H 
xeMHjcKHM (ojjpet)HBan,e cajip>Kaja rJiaBHHX eneM eHaTa h  eJieMeHaTa y TparoBHM a). CBa 
naB ejjena HciiHTHBaiba o6aBJbeHa cy y Jia6opaTopH jaM a MHCrn n y -ra  3a M H iiepajionijv , 
KpHCTaJioipac}jiijy, ne-ip o jio riijy  h  reoxeM Hjy P y jjap cK O -reo jio u iK o r c})aKyjiTCrra  y B eo rp a jiy .

n P H p a 3 M a T p a u .y  n o 6 iije iiH X  p e 3 y jiT a T a  y 3 e r a  c y  y  o63H p h  noj^aim  cb h x  paHHjHX 
M H H epanom K O —xeM iijcKHX H cnH T H B aiba M H HepaJiH e c y r ic T a n n e  H3 Jie>KHiiiTa J ln iiH H u a : 
H j i n h  h  II lK ep jb  (1 9 5 7 ), H h k o j i h I i  h  n o x a p i i ;  (1 9 7 5 ), H n K O J i n h  h  j j p . ,  (1 9 7 8 ), 
H jiH h  h  n p .  (1 9 9 5 a , 19956 ).

MHKpocKoncKa (oiiTHHKa) ucnimiBan.a

M iiK pocK oncK a (oiiT H 'iK a) H cm iTH B aiba B pm eH a cy  y  ii0JiapH3aii;H0H0M M H K pocK ony, Ha 
n p en ap aT H M a na'iHibeHHM oj^ npHM epaKa H3 anxiij(pm x;KO -niiiciiH X  M aca h oji m oh o k ph c- 
Tajia encoMHTa h  xajiHTa.



Y npenapaTHMa H3 aHXHjipHTCKO-rHiicnHX Maca 3ana>KeHH cy cjieflehH MHnep;uiH: 
aHXHJJpHT, I'HHC, flOJIOMHT, KaJIUHT, KBapiJ, OnaJI, cjjeJIflCnaT, MyCKOBHT, XJIOpHT, IIHpHT, 
jihmohht, Kao h npHMece rjiHHOBHTe h o p raH C K e  MaTepnje.

Anxnj(pnT ce jaBJba y bhjiv KpncTaJiacTor arperaTa ca bbjih’ihhom 3pna oj( jieceTHX 
jjejioBa MHJiHMeTpa ĵ o nap MHJiHMeTapa. AiixHj(piiTCKa 3pHa cy 6e36ojHa, KBaj^painor 
hjih npaBoyraoHor npeceKa. OoKa3yjy jjofipo H3pa>Keny nenjbHBOCT napajiejiHO (100), 
(010) h (001). HecTO je iiojihchhtcth 'iko 6jiHa«fceite no (101). Y no je j(H H H M  3pHHMa 
3ana*a ce jiejiHMH'iiia Tpanc(}3opMai(Hja y i hiic: Ha o6oj(HMa h j^y* npcjiHHa.

MimeKCH npejiaMaita aHXHj(pHTa, Mepemi y Na cBeTJiy (589 nm), H3Hoce: a=l,571; 
P=l,576 h y=l,614,. O hth 'Ikh je j^B oocan, no3HTHBaH. Y rao oiith 'ikhx oca, Mepen Ha 
TeojjojiHTCKOM MHKpocKony, Kpehe ce oj( 40 l/2°j(o 43 1/4°; r<v. H a B e jie n e  BpejinocTH cy 
y carjiacnocTH ca JiHTepaTypHHM nojiaHHMa 3a anxHjjpHT.

I h iic  je TaKot)e npeflcTaBJben KpncTajiacTHM arperaTOM, h o  KpynH03pHHjh m  ojj 

aHXHj^piiTa. 3 p H a  r a n c a  BehHHOM HMajy Ta6jiHHacTy 4>opMy. M c c t h m h ' i i io  ce jaBJbajy 
cJiH6po3HH h  3paKacTH arp era ra .

rioj^ MHKpocKonoM ranc je 6e36ojaH. HMa cjia6njH pejbecjj h 6Hpec})paKHHjy ojj aH- 
XHj(pHTa. flo6po My je H3pa*eHa neiiJbHBocT no (010), (100) h ( l  11). Hhjjckch npejia- 
Maita i Hiica cy: a=l,520; (3= 1,522; y= 1,526. Ohthmkh je j^Boocan, H03HTHBaH.

IInpHT je 3acTyiiJben y BHjjy CHHreHeTCKHX HMiiperiiari,nja y anxHjipn'iy h npejjcTaBJbeH 
je chthhm 3pHHMa (0,1-0,6 mm) iieiiTaroimojjeKaejiapcKe cfiopMe (102). OBa KpncrajiHa 
cJiopMa iiHpHTa o6pa3yje ce y TeMnepaTypHOM HHTepBaJiy 170 (150) -  200°C (B a b ič , 1984), 
ih to  Hfle y npHJior niejjHiiiTV o y’iemhy XHjipoTepMaJiHHX pacTBopa y cT B apaiby  jih ii- 
HHiKor Jie^cHiHTa (M jinh, 1993,1995).

JIhmohht je ceKynjiapan MHiiepaJi h nacTao je Kao npojiyKT OKCHjjannje nnpnTa.
J1,ojiomht, Kao ceKyH;?apan MHiiepaJi, HcnyibaBa OBaJiHe iiiynjbHHe h cHTHe nyKOTH- 

ne y aiixHj^pHTy. I IornaBHTO ce jaiuba Kao chtho3phh arperaT, a, cnopajiHMHO, y bhjiv 
KpyniiHjHX 3pna, Kafla ce yonaBa j^o6po H3paaceHa ijenjbHBocT ho poM6oejipy. rioji 
MHKpocKonoM hojiomht je 6e36ojan HJIH chb.

KaJiiprr h onaji cy TaKotje ceKyiijiapiiH h  jaBJbajy ce y bhjiv penacc *HJiHH,a y aHXHĵ pHiy.
KBapn, cfiejijicnaT, MycKOBHT, MHHepaiiH rJiHHa h xjiopHT npej^cTaBJbajv CHHreneTCKe 

MexaiiH'iKe npHMece y aiiXHjipHTy, Koje cy npHHeTe cejjHMeimiHM npoi^ecHMa.
Y npenapaTy Ha'inibenoM oj? MOHOKpHCTaJia encoMHTa iioj  ̂ MHKpocKonoM ce bhjih 

jja je OBaj MHHepaJi 6e36ojaH h j(a noKa3yje j^o6po H3pa*eHy neiubHBocT napaJiejiHy 
(010). H hjickch npejiaMaiba encoMHTa cy a=l,430; p=l,455; y=l,460. OnTH'iKH je 
j^BoocaH, HeraTHBaH: 2V(_)=51°34', r > v, cjia6a.

MHKpocKoncKO HcmiTHBaibe 6ejie 6 p a n n ia c T e  CKpaMe Ha encoM H Ty (K o ja  j e  onncana y 
npeTXOjiHOM norjiaBJby) j e  noK a3 aJio  jia j e  norjiaBHTO H i ip a b c i i a  o jj MHHepana xeKcaxHjipHrra 
(MgS04-6H20). OBaj MHHepaJi npej(cTaBJbeH j e  chthhm T a6 jiH 'iac  ihm KpncTajiHMa KojH 
HMajy jjo6po H3pa>KeHy u,enJbHBOcT no (100). B e 3 6 o ja H  je .  MnfleKCH npejiaMaiba xeKcaxnj(- 
pirra cy: a  = 1,426; |3 = y = 1,456. O hth 'ikh j e  nBoocaH, neraTHBaH.

XajiHT je noj^ MHKpocKonoM 6e36ojaH h H30TponaH. y  HMep3HOHOM npenapaTy Ha- 
jia3H ce y cjjpai MeiiTHMa Kojn npHKa3yjy caBpmeHy H,enJbHBOCT no (100). HHjieKc npejia- 
Maiba My je nD = 1,544.

P eH jjie iicK a ■iciiiiTiiKan.a

PeiiflrencKa HcnHTHBaiba cy BpiueH a j(HcJ)paKTOMeipoM 3a npax Philips, th ii PW 
1710 i io j i  cTanjjapjiHHM ycjioBHMa. Obhm HcnHTHBaibHMa je nojjBpi n y  ro  cbhx 9 npHMe-



p a K a  H3 an x H jip n T C K o -rm icH H x  M aca  h  i io  je jja H  MOHOKpHCTaji en co M H T a h  x a jiH T a . K o jj 
n p H M ep aK a k o jh  c y  c a jip » caB ajiH  M H H epaJie rjiH H a, p a l j e n e  c y  aH aJiH 3e opHjeH TH caH H X  h  
TpeTHpaHHX npenapaTa.

PeHjjreHCKHM  HciiHTHBaibHM a n p H M ep a K a  H3 aHXHjipHTCKO-rHHCHHX M aca  KOHCTa- 
TOBaHH c y  c jie j^ e h n  M H H epajin : aHXH jipiiT , r n n c ,  K a p 6 o n a T  ( j jo j io m h t ) ,  KBapi^, M H H epajiH  
H3 r p y n e  c ^ e jij jc n a T a , m y c k o b h t ,  x jio p H T , K ao jiH H irr, h j i h t  h  i i h p h t .  K o ji  n p H M ep a K a  
M O H O K pncTajia, j^oKa3aHH c y  encoM H T  h  x a jiH T , i h t o  j e  y  c a rJ ia c n o c T H  c a  M aK p o cK o n - 
CKOM H MHKpOCKOnCKOM OJ(pej(6()M OBHX MHHepaJia. IllTO c e  XJIOpHTa T H 'ie , o h  je  yT B p- 
beH  noMohy jin c j^p aK T o rp aM a opnjeH TH caH H X  h  TpeTHpaHHX n p e n a p a T a .

P e n /ire iic K H  jjn jarpaM H  n p a x a  c y  y  c a r j ia c n o c T H  c a  JiH T epaT ypnH M  n o jia ijH M a.
JejiHHHHHe hejinje, panyHaTe mctoj ôm HajMaH>HX KBaj^paTa, 3a aiiXHjipHT, thiic, 

encoMHT h xaJiHT, jjaTe cy na Ta6ejiH 1.

T aoejra 1. JejjmiH'iHe hejin je  MHHepaJia H3 Jie>KHUiTa JlmiHHiia 
Table 1. U n it cells o f m inera ls fro m  the L ipn ica  deposit.

MHHepaJi 
J_MineralJ_ 

03HaKa npHMepKa 
(D esigiation o f sgeciinen) 

KpHCTajlHH CHCTeM 
(C rvstal system )

AHXHJIPHT
_[A nhydrite2

L -V -1 0

pOM6n'laH
(oithoihom bic)

A hxhhpht

_(_AnhydriteJ_

L -V II-7

pOM6H>iaH
(orthoihom bic)

Phiic

_(G j^sum )

L - A - l

MOHOKJIHHHMaH
(monoclinic)

EnCOMHT
_£Epsomite)_

L -V -S ,

pOM6H>iaH
(oithoihom bic)

XaJiHT
_(Halite)

L - V - S 3

TecepaJiaH
(cubic)

a (A) 6258(1) 6^43(2) 5,682(1) 11,855(3) 5,6409(8)

b(A ) 7,007(3) 6,995(4) 1520(2) 11,989(3)

c (A) 7,013(2) 6,995(3) 6,535(3) 6,8517(5)

<*(•)
3 (°) 118.48(3)

y(°) - - -
V (A3) 307,5(2) 305,5(3) 497(1) 973,9(5) 180,1(7)

H3 Ta6eJie 1 ce bhj^h jia npHMepijH rnnca, encoMHTa h xajiHTa H3 jieacHiirra JIhii- 
HHî a HMajy napaMeTpe pemeTKe y carjiacHOCTH ca JiHTepaTypiiHM nojjau,HMa, Kao h npH - 
MepaK aHXHjjpHTa L -V II-7 , a fla npHMepaK aHXHjipHTa L -V -1 0  HMa MaJio noBehaHy 
eJieMeHTapHy hejinjy.

T epM H H K a  HciiHTiiBaH>a

TepMH’iKa HcnHTHBaifca (J1,TA h  T r)  Bprnena cy n o M o h y  jiepHBaTorpacJia C-M OM - 
ca nporpaMOM U2.1, y  TeMnepaTypHOM HHTepBaJiy 20-1050°C, a npH 6p3 H H H  3arpeBaH>a 
oji 10°/m hh.

HcnHTHBaH je jejjan npHMepaK H3 xoMoreHe aHXKjjpnTCKe Mace (L -V -10).
H a J1.TA KpHBoj OBor npHMepKa (cji. 2) ce bhj^h jja aHXHjipHT HeMa TepMH'iKe ecJieK- 

Te y n0MenyT0M H H T epB ajiy  aaipeBaita. MebyTHM, noniTO OBaj npHMepaK HHje npeji- 
CTaBJben n0TnyH0 mhcthm a»XHjjpHTOM H ero  cajipacn npH M ece rnnca h  jjpyrnx MHHe- 
pajia, H3pa*eHa cy 'ieTHpn enj^OTepMiia h  jej^aH er30TepMHH ecfieKaT.

npBH, yj^BojeHH eHj^oTepMHH ecJjeKaT (Ha 125°C h 150°C) oflroBapa rnncy h o3Ha- 
^aBa ry6HTaK KpHCTajiHe Boj^e. Apyrn eHjjoTepMHH ec})eKaT (Ha 550°C) npnnaj^a Kaojin- 
HHTy (oh oj^paacaBa H>eroBy jjexHjjpaTaijHjy), a Moryhe h xjiopHTy. Ehjjotcpmhh ecJ>eKTH 
Ha 778°C h 812°C onroBapajy j ô jio m h ty  h 03naiiaBajy H>eroBy jiHcoHHjaHHjy. Er30TepM- 
hh ecjDeKaT Ha 448°C npmiajja nHpHTy.

Ha T r  KpHBoj (cji. 2) ce bhjih fla yKynaH ry6HTaK y Te*HiiH h3hoch 6,73 %-



HH(|)paupBeHa cneKTpocKoncKa HtniiTHBaiba

W »({)pai;p]5eiiH cneK TpH  HcnHTHBaHHX npH M epaK a cHHMJbeHH cy  mcto/iom nacTH Jie 

(KBr) H a cneK'rpoipac}jy Perkin-Elmer, MO/(eji 597, y  o n c e r y  4000-200 c r r f I I o ih to  j e  xaJiHT 
HHepTaH y  H iicfjpaiipB enoM  jie jiy  cn eK T p a , jjnpeKTHHM npeco B aH .eM  h  cHHM aibeM o jip e t je i in  cy  
M HHepajiH KojH c e  y  n ,eM y H ajia3 e  y  BHjiy npH M eca, K ao  h  h>hxob  n p n 6 j iH * a H  caj(p>Kaj.

M G  C

Gn. 2. JITA h T r  KpHBe jeflHor npHMepKa H3 aHXH,npHTCKe Mace ( L - V - 10).
Fig. 2. DTA and TG curves of a specimen from  anhydrite m ass (L -V  - lOj.

Obhm H cnH T H B aitH M a H ojiB pm vTo je  6  n p H M ep a K a  H3 anxH jipH T C K o-rH iicH H X  M aca 
ca  npeoB JiahyjyhH M  3hxhjjphtom (L -IV -1 , L -IV -4 , L -V -5 , L -V -1 0 , L -V I-6  h L -V I-8 ) 
h 4 npHiviepKa hhcthx M HHepajia: jejjaH  npH M epaK  H3 K pncTajiH oi a r p e r a T a  6jiejjoji>v- 
6 H 'i a c T o r  aH x aj(p H T a  (y 3 e T  c a  III X 0 p ii3 0 H T a  o j i  c T p a H e  H H K O J in h a  h  j i p . ,  1978) h  n o  

jejjaH  MOHOKpHCTaJi encoM H Ta (L-V -S^), xaJiH T a (L -V -S 3) h r m ic a  (y3eT H  H3 mynjbHHe 
n a  IV xopH 3 0 H T y  oj  ̂c T p a n e  H n K O J i n h a  h j j p . ,  1978).

Y  cneKTpHM a 6  npH M epaK a H3 aiiXH jipirrcKO -riH icHH X M aca (c ji. 3) jjoM H iiairnic cy 
ancopm iiH O H e TpaK e aiixHj(pHTa h  r a n c a ,  'in jn  HHTeH3HTeTH B a p n p a jv  y 3aBHCH0CTH ojj 

c a jip a c a ja  o b h x  MHHepajia, a  nspa> K eiie  c y  h  ancopnH H O H e T paK e K ap6oHaTa: Ha 1435 cm  h 
725 c m " 1 (Koje o j jr o n a p a jy  jjo jio M in y )  h  Ha 712 c m " 1 (K o ja  o j jro B a p a  Kajm;HTy).

Y  cneK T pH M a m h c t h x  M H H epaJia e n c o M H T a , r n n c a  h  a iix n jip H T a  ( c j i . 4) 3 a c T y n J b e H e  

c y  an co p n u ,H O H e T p aK e  K a p a K T e p n c T H 'm e  3 a  T e  M H H ep ajie , ' i n j e  c y  no3H ii,H je h  HHTeH3H- 
TeTH y  cK Jiajjy  c a  JiH TepaTypH H M  iioj^aHHM a.

y  x a jiH T y  ( c ji. 4) j e  K ao  n p H M eca  KOHCTaTOBaH i h iic , ’ in jh j e  c a j ip a c a j  h c iio jj 1 %.

XeMiijcKa iiciiiiTHBaiba

X eM H jcK a iic iiH T H B aiba n p H M ep aK a  H3 J ie ac H iirra  JlHnHHii;a B p m e H a  c y  p a jiH  V TB pbn- 
B a ih a  c a j ip a c a ja  r jiaB H iix  e jie M eH aT a  h  e jie M eH aT a  y  T p aro B H M a.



Cji. 3. HHtfipairpBeHH cneKTpn ruecr npHMepaKa H3 aiixH/(pHTCKo-rnncHHX Maca ca floMHHaHTHHM aiiXH(ipHToM
1. L - I V - 1.2. L - I V - 4 ,3. L - V - 5 ,4. L - V - 10, 5. L - V I - 6 ,6. L -V I-8 .

Fig. 3. Infrared spectra of six specimens frorn the anhydrite-dominant anhydrite-gypsum mass 1. L - IV -1 ,
2. L - IV -4 , 3. L - V - 5 ,  4. L -V -1 0 ,  5. L -V I -6 ,  6. L -V I-8 .

4000 3000 2000 1800 1600 1400 1200 W 0  8C0 600 400 200 
c m '1

Cji. 4. MiKjipanpBCHH cneKTpH hhcthx MHHepaJia: 1 mohokphctaJia encoMHTa ( L -V -S ,); 2. MOHOKpncTajia rraica 
(ca IV xopH30HTa, y3eT o,n crpaH e H H K o jiH h a  h  ;ip .. 1978); 3. KpynH03pH0r KpncrajiHor arperaTa 
ojicjioJtvfiH'jacTor aHXHflpHTa (h3 coMHBa ca III xopH30HTa, y3eT on crpaH e H h k o jih h  a h  ;(p . , 1978); 
4. MHHepajiHe npHMece y MOHOKpHcrajiy xaJiHTa (L -V -S 3): G -  thiic.

Fig. 4. Infrared spectra of pure m inerals: 1. of a single crystal o f epsomite (L—V —S,); 2. o f a single 
crystal of gypsum (from Horizon IV , collected by N ik o l ić  e t  a l . ,  1978); 3. of a coarse crystal 
aggregate of pale violet anhydrite (from a lens on Horizon III, collected by N ik o l ić  e t  a l . ,  1978); 
4. of a mineral admixture in a single crystal of halite (L—V —S3): G — gypsum.



r n a e H U  e n e M e m u u

O flp e lj i iB a ib e  c a ; i p * a j a  raaBH H X  ejieM eH aT a BpmeHO j e  KJiaciiMHOM xeMHjcKOM 
aHajiH30M. H cnH TH B ana c y  T p n  npH M epK a: je jja H  H3 x o M o r e n e  a n x iijip n T C K e  M ace  

(L -V -10), j e f l a n  MOHOKpHCTaji en co M H T a (L-V -S^) h  je jia H  MOHOKpHCTaJi xaJiH Ta 

(L -V -S 3). JJo^HjeiiH p e3 y jiT aT H  npH K a3aiiH  c y  n a  o jjro B a p a jy h H M  T aG ejia M a  ( T a 6 e jie  2, 3 
h  4) h  t o  3ajejiH O  ca paiiH jiiM  xeMHjcKHM aH ajiH 3aM a aHXHJipHTa, r n n c a  h  enco M H T a H3 
H C T o r Jie jK H iirra  ( H H K O j in h  h  j i p . ,  1 9 7 8 ) ,  a  y  ijHJhy i^ e jio B H n ije r c a rjie f laB a ib a .

Ta6ejia 2. XeMHjcKe anajiH3e npHMepaKa H3 aHXHjipnTCKHX h  rnncHHX Maca H3 Jie>KHiHTa JlHniiHUa.
Table 2. Chemical analyses o f specimens of anhydrite and gypsum m asses froin the Lipnica deposit.

KoMnoHeHTe y % 
Coinponents in % 1 . 2. 3. 4. 5.

S i0 2 2,89 1,67 0,41 0,18 0,26

A120 3 0,60 0,14

Fe20 3 2,07 0,02 tr. 0,01 0,03

CaO 36,55 3 9 3 9 40,48 33,88 32,73

MgO 1,75 0,40 0,20 0,19

MnO 0,01 ND ND ND

Na20 0,11 ND ND ND ND

K ,0 0,40 ND ND ND ND

S 0 3 50,89 56,98 57,81 47,52 46,11

c o 2 1,11 ND ND

h 2o  110°C 0,28 ND ND ND ND

H jO 250°C 0,16 1,53 0,89 17,51 19,89

H20  1000°C 2,95 0,60 1,13 0,20

Opr. M aT . (Org mat.) 0,47 ND ND ND ND

CyMa (Total) 100,24 99,99 10033 100,43 99,41

OnHCH h o3HaKe npHMepaKa:
1. KOMnaKTHa aiKHjipmcKa Maca ca V xopH3oifra (L -V -10) -  anajiirra’iap M. KocTHh. 2. cjiojeBHTa 
aiKHflpHTCKa Maca ca IV xopH30HTa (J-22), 3. KpHcraJiHH arperaT  6jieHoJby6H>iacror aHXHjipHTa ca III 
xopH3oifra (no H n K O J i n h v  h jip ., 1978), 4. Kpyimo3pHa rnncna Maca ca IV xopH30HTa (J-ć).
5. BJiaKHacrarHncca I X0pH30HTa (J-23) -  2-5. aHajiHTmap B. Ilo x ap q  (no  H H K O Jinhy  H a p . ,  1978).
ND -  HHje jjeTcpMHHHcaii, ( - )  -  HHje jieTeKTOBaH.

Designation of speciniens:
1. conipact anhydrite mass from Horizon V ( L -V -1 0 )  -  analyst M . Kostić, 2. layered anhy- 
drite m ass from  Horizon IV (J -2 2 ) , 3. crystal aggregate of pale violet anhydrite from  Horizon 
III (after N ik o l ić  e t  a l . ,  1978) 4. coarse-grained  gypsum  m ass from Horizon IV (J -6 ) ,
5. fibrose gypsum from  Horizon I (J -2 3 )  — 2—5. analyst V . Poharc (after N ik o l i ć  e t  a l . ,
1978). ND -  not determined; ( - ) — not detected.

H 3  xeM HjcKe aH ajiH 3e npH M epK a H3 aHxnppHTCKe M ace (T a 6 e jia  2 ,1 ) npBO je  H 3 p aq y n aT  
H>eroB BHpTyejiHH MHHepaJiHH cacTaB: 79,4% a iL x n j(p n ra , 32%  flojioM H Ta, 1,1% a  r n n c a ,  3% 
c iu i im n je  (K B a p n a  h  o n a j ia )  h  13,3% flpy iH X  n p H M e c a . I lp e M a  T O M e, 'ia K  h  M a K pocK oncK H  

x o M o reH e  aran jipnT C K C  Mace c a jip » :e  3 iiaT H e  npH M ece r r a ic a  h  J ip y rn x  M H iiepajia . H 3 HCTe 
OBe xeM HjcKe aH aJiH 3e h o to m  je ,  naKOH o ji6H jaH .a  c b h x  KOM noHeHaTa n p iiM ec a , H 3 p a 'iy n aT a  

eM im pH jcK a tJjopM yjia  aiiXHHpiiTa: Calfl3(Na, K)014S04.



H 3  x eM ajcK e aHaJiH3e MOHOKpHcrana encoM HTa (T a6 e jia  3 , a ) , n o c jie  o j j6 n ja ib a  cbh x  

KOMHOHeHaTa npH M eca, H3paiiyH axa je  eM irapHjcKa c}oopMyjia o B o r MHHepajia: MgipiS04-6,7H20.
T a6ejia  3. XeMHjcKe aHajiH3e encoMHTa H3 JioKHiiiTa JlmiHHna.
Table 3. Chemical analyses of epsom ite from  the Lipnica deposit.

KoMnoHeHTe y % (Components in % ) a. b.

CaO tr. 0,26
MgO 16,69 17,14
NazO 0,43 ND
K ,0 0,03 ND
C1 tr. ND

s o 3 32,58 33,38
ry 6 n T a K  *apeH.eM  (ignition loss) 80°C 32,67

-  II - 200°C 14,08 ND
-  II - 500°C 2.41 ND

1000°C ND 49,42

z 49,16 49,42
CyMa (Total); 98,89 99,96

OnncH h 03HaKe npHMepaKa:
а. MOHOKpHcraJi encoMHTa H3 iuynji>HHe Ha V xopH30HTy (L -V  S j J -  anajiHTH'iap M. K ocrah;
б. MOHOKpHCTaJi encoM HTa H3 mynjbHHe Ha IV X0pH30HTy -  aiiaJiHTH 'jap B. rioxapu (n o  H h k o j i h I i  
h n p . , 1978). H/l, -  HHje jieTeKTOBaH; Tp. -  TparoBH.

Designation of specimens:
a. a single crystal of epsomite from a vug in Horizon V (L -V -S ^ ) -  analyst M . Kostić; b. a single 
crystal from a vug on Horizon IV -analyst V. Poharc (after N ik o l ić  e t  a l . ,  1978). ND -  not 
detected; tr. — traces.

H3 x e M H jc K e  a H a jiH 3 e  M O H O K p n c T a jia  x a J iH T a  ( T a 6 e j i a  4) c e  b h j j h  n a  j e  O B aj M H H e- 

p a j i  B p j io  h h c t  h  f la  c a j j p a c n  caM O  M a jiy  npHMecy r n n c a  (0,52%).
Ta6ejia 4. XeMHjcKa aHaJiH3a xaJiHTa H3 jie*HmTa JInriHHua.
Table 4. Chemical analysis of halite from  the Lipnica deposit.

KoMnoHeHTe y % (Components in %)
Na 39,12

K 0,02

CaO 0,15

MgO

C1 0,21

s o 3 60,25

h 2o 0,12

CyMa (Total) 99. 87

AHanHTH'tap (Analyst): B. noxapi(-JIorap

E A e M e H iu u  y  u ip a z o e im a

O jipe^H B aH »e c a j i p x a j a  eJieM eH aT a  y T p aro B H M a (M H K p o ejieM eH aT a) B prneH o je  
cneKTpoxeM HjcKH, m c t o jj o m  eM HCHOHe c n e K T p o r p a ( J )H je .  C iiH M aib e  cn eK T ap a  0 6 aB JbeH 0 

je  n a  c n e K T p o rp a c } )y  c a  yKpurreHOM  jincnep3H joM  EC T-1 h  c a  ca ro p e B a ib e M  h c h h t h - 

BaHHx n p H M e p a K a  y jejiHOCMepiiOM JiyK y, y K O H TpojiH caH oj aTMOccj)epn (A r+02). Cpejiiba



npeiponocT h  cpej|H>a Ta'iHocr a n a jiH 3 a  6mie cy ± 10%, a KoiiTpoJiHcane cy npeKO Cie h 

Pd Kao ynyTpamH.HX cTaHjiapjja h pecj)epeHTHHX reoxeMHjcKHX cTanjiapjia
McnHTHBaHO je 7 npHMepaKa: 2 H3 aiiximpiiTCKHX Maca (L -IV -1  h L -V -1 0 ), jejiaH 

H3 KpncTajiHor arperaTa 6jiefloJby6ii'iacTor anxnjipnTa (L -III-K A ), jeflan H3 thiichhn 
Maca (L -A - l) ,  jeflaH MOHOKpHCTaji rnnca (L -IV -K G ), jejjan MOHOKpHCTaji encoMHTa 
(L -V -S j) h jejjaH MonoKpncTaji xajiHTa (L -V -S 3).

y  HcnHTHBaHHM iipiiMepmiMa oji 25 aHajiH3iipaHHX MHKpoejieMeHaTa caMo 9 je  
3acTVHJteHO H3Haji rpaiiHHe jjeTCKHHje mctojic h  o h h  cy npiiK a3aHH H a  Ta6eJiH 5; h c i i o j i  

rpaiiHHe neTeKijHje cy: As, B, Be. Bi. Cd. Co, Ga. La. Mo. Nb. Ni. Sb. Sc. Y. Zn h  Zr.

Ta6ejia 5. Canp>Kaj MHKpoeJieMeHaTa y npnM epunM a aHXHflpHTCKHX M aca h MoiioKpnc-raJiHMa encoM HTa h 
xaJiHTa H3 KpHcrajiHHX np y 3a. jie*HiiiTe JlH iniHua (y p p m  10 6%).

Table 5. Trace elem ent contents in specimens o f anhydrite niasse and in the single crystals of epsomite 
and halite from drases, the Lipnica deposit (in ppm=10-6%).

EjieMeHTH

y ppm
Elements 
in  ppm

AHXHJTpHTCK6 
K pH crajiacre Mace 

Anhydrite crystalline
m asses

L -lV -1 L -V -10

A hxhjipht -  
KpHCTaJIHH 

arp eraT  
Anhydrite -  

crystal 
aggregate  

L -III KA

rn n c  -  
K pH crajiacre 

Mace 
Gypsum -  
crystalline 

m asses 

L -IV -K G

rrnic -
M OH OKpHCTaJl

Gypsum 
single crystal

L -IV -K G

EnCOMHT - 
MOHOKpHCTaJI 
Epsom ite - 

single crystal

L -IV -S ,

XaJiHT 
MoHOKpHcraJi 

Halite 
single crystal

L -V  S,

Ag 3

Ba 74 23 13

Cr 5
Cu 5 2 5

Mn 640 150 180 55

Sr >1000 >1000 >1000 340 175

Pb 80 7 62

Ti 430 245
V 25 14

Hcnon rpaHHue neTCKHHje y cbhm y3opr(HMa (Below detection  lim it in all sam ples): A s. B. Be, Bi, Cd, Co, 
Ga, La, M o. Nb, N i, Sb, Sc, Y, Zn, Zr.

3A K .Ib YH A K

y  npe'rxoj^HHM H3JiaraitHMa npHKa33HH pe3yjiT aT ii Jia6opaT opnjcK H X  (mhkpockoii- 
ckhx, p e im ren cK iix , TepM H'iKiix, Hiict)paHpBeiiHX cneKTpocKoncKHX h xeM iijcK iix) hc- 
nHTHBaH>a M HiiepajiHe c y n c ra im e  H3 aiiX H jipnT C K o-riiiic iio r jieacH iii'ra  J ln n i in n a  n p e ji- 
CTaBJbajy 3 iiaTiajaH  jio n p H n o c  no3HaBaiby MaTepnjaJiHHX ofljniKa (M in iepaJiH or h xeM iij- 
CKor cacT aB a) h reHe3e o B o r  jie>KinuTa.

Obhm H ciiH T H B aH .H M a j e ,  npe c B e r a ,  v c T a i io B J b e n o  jia MHHepajiHy a c o iu j ja m i jv  J ie -  

>KiiuiTa JlHiiHHii;a 'iiuie: aiixiijipiiT, rniic, K a p 6 o H a T ii (j^ojiomht h Kajimrr), KBapii,, o n a j i ,  
c|)ejijicHaT, MycKOBHT, MHiiepajui rpyne rjiniia (KaojiH HHT h h jih t), x jiopht, impHT, jihmo- 
hh t, n p H M ec e  o p r a n c K e  MaTepnje, kho h K p n cT ajiH e  jipv3e rnnca, e n c o M H T a  h xaJiHTa (y 
uiyiiJbHHaMa)

C o6 3 H p o M  H a k o j i h h h h c k v  3 a c T y n jb e n o c T  y J ie * H i i iT y  h  n a  c k o h o m c k i i  J i i a ' i a j ,  

M H H epaJiH H  c a c T o ji i , i i  O Be a c o n n j a n n j e  Mory c e  i i o j i c j i h t h  n a  jiB e  r p y n e  h  t o :

1. r jia B H H  ( 6 h t h h )  c a c T o j i i n :  a i ix H jip i iT  h  t h i ic ;



2. c n o p e ju i a  ( a K u e c o p n a )  c a c T o jm i:  c b h  o c T a J in  MHHepaJiH.
M e^yTHM , npeMa HaqHHy h BpeMeny 06p a 30BaH.a, obh h c th  MHHepaJiHH cacTojn;H 

M ory  ce iiojiejiHTH Ha 'ip n  rpyne, h to:
1. cacTojn ,H  npH H eTH  x n / (p o rrep M ajn iH M  npon;ecH M a: anxH jipH T  (K p n c T a jia c T H  arpe- 

raT H  h  peTK H  K pncT ajiH H  arperaTH), nnpirr h  p eT K e  KpHCTajiHe Apy3e rimca, e n co M H T a  h  
x a jiH T a;

2. c a c T o j i jn  npH H eTH  cen H M eim iH M  npon ;ecH M a: jieT p H T H 'iiia  3 p H a  K B apu,a, (J)ejiji- 
c n a T a  h MycKOBHTa, M HHepaJiH r p y n e  rjiH H a (KaojiH HHT h  h j i h t ) ,  x j i o p h t  h  o p ra H C K a  
MaTepnja;

3. e iiH re n e T C K H  c a c T o jn ,H : r n n c  (K p n cT a jiacT H  a r p e r a r a ) ,  K a p 6 o H a T H  ( a o j i o m h t  h  

K a jm n T ) , KBapn,, onaji, j i h m o h h t  h  x eK cax im p H T .
CacTaB MHHepajiHe acou;H jan iije  JimiHH’iK o r Jie>K H iJiTa n o T K p e iu b v je  XHHOTe3y 

H j i n h a  (1993) n a  oho n p e j jc T a B J b a  reH eT C K H  x n 6 p H ju iy  ( x H j jp o T e p M a jm o —cejiHMeHTHv) 
TBopeBHHy, n e iio i io B a H V  H3 ropn.ojypcKHX cy6MapHHCKHX TepMajiHHX H 3Bopa, a y3 
jejiHOBpeMeiio Mem aibe ca HopMaJiHHM Mapim cKHM cefliiMeiiTHMa.

3a no3HaBaH.e reHe3e noM eHyTor JieacniUTa o j; noce6n o r  3iiaTiajaje 6 h jio  o jipeljH - 
Baite KpHCTanHe rfiopMe MHKpocKoncKH c h th h x  3pHa niipiiTa (Koja ce jai5Ji.ajy Kao hm - 
nperHamije y aHXHjjpHTy) h VTBpljHBaibe cajjpacaja MHKpoejieMeHTa 0Ji0Ba y MHHepa- 
JiHMa H3 0B0r  JieacnmTa.

M H K pocK oncK H M  HcnHTHBaibHMa j e  ycTaHOBJbeHO jia  c e  HHpiiT jaB Ji.a y  BHjiy e y x e j i -  
paJiHHX 3 p n a  n e ir ra ro H jio j ie K a e j^ a p c K e  (J jo p M e  (102), K o ja  c e  o 6 p a 3 y j e  y  T eM nepaT ypH O M  

H H TepB ajiy 170 (150)-200°C.
CneK TpoxeM H jcK a HciiHTiiBan.a cy  noK a3 a jia  jia ce  noBHmeHHM cajjpacajeM  o jioB a 

oj^JiHKvjv o 6 a  npH M epKa H3 aiiXHjipHTCKHX M aca (80 p p m  h  7 p p m ) h  MOHOKpHCTaJi e n c o -  

MHTa (62 ppm ).
T o p e  n a B e n e H e  o j ip e j i6 e  yKa3yjy n a  v 'i e m h e  XH jiporrepM aJiHHX pacT B o p a  y c T B a p a -

H.y jim iH H 'iK o r j ie * H i i iT a ,  Te T a K o h e  n p e f lc ra B J b a jy  3 H a 'ia jn y  n o T n o p y  XH iioTe3H o  i t e r o -  
Boj X H jip o T e p M a jiiio -c e jm M e iiT iio j reH e3H .
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MHHEPAJIOrHJA, nETPOJIOrHJA, TEO X EM H JA  
MINERALOGIE, PETROLOGIE, GEOCHIMIE

RESULTS OF THE LABORATORY STUDY OF M INERAL SUBSTANCE  
FROM THE LIPNICA A N H Y D R IT E-G Y PSU M  DEPOSIT  

IN GRUŽA NEAR KRAGUJEVAC

by

M ilo je  Ilić  , G ordana R a d u k ić , S te v an  Đ u rić ,
A dam  D an g ić  and V esn a  P o h a rc -L o g a r

The laboratory study of m ineral substance from the Lipnica anhydrite-gypsum  deposit, by the 
authors of this work, included m icroscopic, X —ray, them ial, infrared spectroscopic and chemical analyses. 
The obtained results are a significant contribution to the knovvledge of the matrerial properties (mineral 
and chemical compositions) and genesis of the deposit.

Key words: laboratory study, m ineral and chemical com positions, anhydrite and gypsum . Lipnica, Gruža.

INTRODUCTION

This work presents the results of laboratory (microscopic, X-ray, thermal, inirared spec- 
troscopic, chemical) analyses of fifteen mineral substance specimens from Lipnica, the onlv 
worked anhydrite-gypsum deposit of Serbia, located in Gruža near Kragujevac. All specimens 
were collected in the mine workings: 12 by the first-named author, and 3 by N ik o lić  et al. 
(1978). The purpose of the laboratory study was identification of material character (mineral 
and chemical compositions) and elucidation of the deposit genesis.

GEOLOGY OF LIPNICA DEPOSIT

Geologic features of Lipnica, like the other calcium sulphate (anhydrite-gypsum) de- 
posits of Gruža are located in a Upper Jurassic volcanic-sedimentary (diabase-chert) 
fomiation within a zone bounded by faults (Fig. 1). The diabase-chert formation is com- 
pose of sandstones, shales, marlstones, dolomitic limestones and cherts, and associated 
magmatites (diabases and spilites). The calcium sulphate deposits are represented by
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larger or smaller irregularly lenticular or seam-like bodies, vvhich are sporadic in the dia- 
base-chert formation but always synchronous and conformable (evinced by frequent 
pinch-out interfingering and intercalations of this formation sediments in the mentioned 
deposits).

The largest and economically most significant deposit is Lipnica, vvorked for six 
decades. It has the shape of a curved irregular lens generally extending W NW -ESE, 
about 1 km in length, about 300 m maximum width, and up to 60 m thick (Fig. 1).

Anhydrite is the primaiy and dominant calcium sulphate mineral in Lipnica deposit, most 
homogeneous in deep parts of the deposit. Gypsum is a product of anhydrite by ground water; 
the most homogeneous gypsum lies at the top of the deposit (''gypsum cap"), at the contacts 
with adjacent rocks, and around large fractures in the deposit. Generally, the most extensive in 
the deposit is partial anhydrite gypsification on bedding joints (when gypsum bands occur an- 
hydrite mass) and along iractures and cracks perpendicular (rarely oblique) to bedding planes. 
The deposit therefore contains a range of transitions from almost pure anhydrite masses 
(slightly a range of transitions from almost pure anhydrite masses (slightly gypsified) to almost 
pure gypsum masses (with sparse anhydrite relics).

The anhydrite transformation into gypsum significantly increased the volume (by 
about 30%). The swelling of the newly formed gypsum accounts for local tectonic 
(plicative and disjunctive) deformation both in gypsum itself and in marginal Upper Juras- 
sic sedimentary rocks.

Anhydrite masses, megasopically observed in mine workings of Lipnica, are mainly 
represenled by compact crystalline aggregates of anhydrite grains, from very small to me- 
dium-sized. Anhydrite masses generally show notable primary bedding. They are grey in 
colour, in various shades (depending on organic content): from light grey to dark grey, 
almost black. The anhydrite masses contain sporadic (commonly marginal to the deposit) 
lenses of pale violet anhydrite in the form of crystal aggregates (crystal size 3 cm or 
less), translucent, of glassy to opalescent lustre. Its cleavages are distinctly pinacoidal: 
(001), (010) and (100); the grains have pseudohexahedral habit.

Gypsum masses are predominantly represented by grain aggregates, medium- to 
coarse-grained, with the local occurrences of radial and fibrous aggregates. The gypsum 
masses are white to grey-white in colour. Though the largest gypsum masses lie in the 
subsurface part of the Lipnica deposit, this mineral is extensive deeper in the deposit, in 
the forms of bands, lenses, veins or veinlets in anhydrite mass.

Druses of epsomite and gypsum crystals (N ik o lić  and P o h arc , 1975; N ik o lić  et 
a l., 1978) and recently of halite (Ilić  M .M . et al., 1995a, 1995b) have been found in the 
mineral mass of Lipnica deposit at levels IV and V of mine workings. It was the first find of 
halite in Serbia; the well developed large epsomite ciystals are a universal rarity.

Epsomite (MgS04-7H20 ) occurs in the form of crystal groups, dominantly small (few 
tenths of milimetre to several milimetres) and sporadically large (5-7 cm long). Epsomite crys- 
tals have well marked prismatic faces (their lengths) and basal faces, domes and/or bipyramids 
can be discemed. The mineral is colourless, translucent, of glassy lustre, and low hardness (2). 
Its taste is bitter-salty and it is soluble in water; rapidly dehydrates in air and acquires a white 
skin on the surface composed of magnesium sulphate and a smaller number of crystal water 
molecules (primarily of hexahydrate, or hexahydrate mineral, and possibly pentahydrate, tetra- 
hydrate, etc. as well).



Halite (rock salt, NaCl) occurs in hexahedral crystals of 7 cm edge length, perfectly 
cleaving hexahedrons. This mineral is colourless, translucent, of glassy lustre. low hard- 
ness (2), salt taste, soluble in water.

Gypsum crystals are clear and colourless rods, up to 10 cm long (N ik o lić  et a l., 
1978), exhibit well marked faces of prisms, pinacoids or domes; sometimes are tvvinned. 
This gypsum is very unlike secondary gypsum, which is represented by crystalline aggre- 
gates and is far commoner.

As to the genesis of Lipnica and other calcium sulphate deposits in Gruža. there is a 
number of opinions which will be stated in chronological order:

1. that they are metasomatic products formed by sulphate water action upon limestones 
containing pyrite (M ilo jk o v ić , 1892; Ž u jo v ić ,  1893; A n t u l a ,  1900; I l ić  M. .  1932);

2. that they are sedimentary deposits (Luković ,  1947);
3. that they are diapirs (Petković  and M a r k o v ić ,  1956);
4. that they are olistoliths (Marović  and M a r k o v ić ,  1978);
5. that they are submarine hydrotermal-sedimentary products (I lić,  1993).

RESULTS OF THE LABORATORY STUDY

From a total of 45 specimens, collected by the first-named author in all accessible 
Lipnica mine workings at levels IV (361 m), V (357 m), VI (351 m) and VII (345 m). 
12 characteristic ones were first selsected for study in laboratory, viz.: 9 specimens from 
anhydrite-gypsum masses which were the valuable mineral, or "ore" (3 specimens from 
homogeneous anhydrite masses: L -IV -1 , L -V -1 0 , and L -V I-8 ; 4 specimens from anhy- 
drite masses high in gypsum, mainly in bands: L -IV -4 , L -V -5 , L -V I-6 , and L -V II-7 ; 
and 2 specimens from homogeneous gypsum masses: LA l and L -A -2 ); 2 epsomite 
monocrystals (L -V -S j and L -V -S 2); and a halite monocrystal (L -V -S 3).

Three more specimens were taken for study, earlier sampled from the same deposit 
(Nikol ić  et al. ,  1978), one from pale violet anhydrite crystal aggregate from level III 
and single monocrystals of gypsum and epsomite from a cavity at level IV.

These fifteen specimens were subjected to the follovving laboratory analyses: micro- 
scopy, X -ray, thermal (DTA and TG), infrared spectroscopy, and chemical (essential and 
trace element contents). All of the mentioned analyses were carried out in laboratories of 
the Belgrade Faculty of Mining and Geology Institute of Mineralogy, Crystallography, 
Petrology and Geochemistry.

For interpretation of the obtained results, also all earliermineralogical-chemical data 
for the mineral substance of Lipnica deposit (Ilić and Šker l j ,  1957; N ik o l i ć  and 
P o h arz ,  1975; N ik o l i ć  et al. ,  1978; I l ić et al. ,  1995a. 1995b) were considered.

Microscopic Study

For microscopic study a polarizing microscope was used to analyse thin sections 
made of anhydrite-gypsum masses and of epsomite and halite monocrystals.

Thin sections of anhydrite-gypsum masses showed the following minerals: anhydrite. 
gypsum, dolomite, calcite, quartz, opal, feldspar, muscovite, chlorite, pyrite, limonite, and 
clay and organic impurities.



Anhydrite occurs in crystal aggregate, with the grain sizes from tenths of milimetre 
to few milimetres. Anhydrite grains are colourless, square to rectangular in cross-section, 
exhibiting parallel cleavage (100), (010) and (001). Polysynthetic twinning on (101) is 
common. Some grains show partial transformation into gypsum on margins and along 
cracks.

Indices of refraction for anhydrite, measured in Na light (589 nm), are: a=1.571; 
p = 1.576 and y= 1.614. Optically triaxial, positive. Angle of optic axes, measured on theo- 
dolite microscope. vary from 40 1/2° to 43 1/4°; r<v. The given values are consistent 
with the reference data for anhydrite.

Gypšum is also represented by a crystal aggregate, only coarser-grained than anhydrite. 
The gypsum grains are prevailingly tabular. Fibrous and radial aggregates are sporadic.

Gypsum is colourless under the microscope, its relief less rough and birefringence 
lower than those of anhydrite. Its cleavage on (010), (100) and (111) is notable, and indi- 
ces of refraction are: a=1.520, p=1.522; y=1.526. Optically, it is biaxial, positive.

Pyrite is contained as syngenetic impregnations in anhydrite, represented by small 
(0.1-0.6 mm) pentagonal-dodecahedral grains (102). These crystals of pyrite from within 
temperature interval from 170° (150°) to 200°C (Babič ,  1984), which supports the hypo- 
thesis on the part of hydrotermal solutions in fonnation of the Lipnica deposit ( I l ić ,  
1993, 1995).

Limonite is a secondary mineral, a product of pyrite oxidation. Dolomite, as a sec- 
ondary mineral, is filling oval cavities and small fractures in the anhydrite. It occurs 
dominantly in small-grained aggregates, and sporadically, in large grains exhibiting dis- 
tinct cleavage on rhombohedron faces. Dolomite is colourless or grey under the micro- 
scope.

Calcite and opal are also secondary minerals which occur in sparse veinlets in anhy- 
drite. Quartz, feldspar, muscovite. clay minerals, and chlorite are syngenetic mechanical 
impurities in anhydrite, supplied during sedimentation.

A thin section of epsomite monocrystal shows under the microscope the colourless 
mineral of good parallel cleavage (010). The indices of refraction for epsomite are: 
a=1.430, P=1.455; y=1.469. Optically biaxial, negative: 2V(X) = 51°34', r>v, low.

Microscopic study of the white floury coating on epsomite (described in the preced- 
ing section) proved composed dominantly of hexahydrit.e mineral (M gS04-6H20).This 
mineral is represented by small tabular crystals of good cleavage along (100). It is colour- 
less. The hexahedrite refraction indices are: a =  1.426; p=y= 1.456. Optically it is biaxial, 
negative.

Halite is colourless and isotropic under the microscope. It is fragmented in the immersed 
thin section, showing perfect cleavage on (100). Its refraction index is nD = 1.544.

X-ray Study

A Philips powder diffractometer. PW 1710, was used for X -ray study under stan- 
dard conditions of nine samples from anhydrite-gypsum masses and two epsomite and 
halite single crystal. Specimens which contained clay minerals were analysed on oriented 
and treated samples.



Minerals determined in the X -ray diffraction analysis of specimens from anhydri- 
te-gypsum masses are the following: anhydrite, gypsum, carbonate (dolomite), quartz. 
minerals of feldspar group, muscovite, chlorite, kaolinite, illite and pyrite. Epsomite and 
halite were detected in the monocrystal specimen. consistent with both macroscopic and 
microscopic identifications of the minerals. As to chlorite, it was detected on powder pat- 
tems of the oriented and treated thin samples.

The powder X -ray records are fully consistent with the published reference data. 
Unit cells, calculated by the least square method, for anhydrite, gypsum. epsomite, and 
halite. are given in Table 1.

The specimens of gypsum, epsomite and halite from Lipnica deposit and anhydrite 
specimen L -V II-7  have lattice parameters similar to the reference ones. and anhydrite 
specimen L -V -1 0  has a slightly increased elementary cell.

Thermal Analyses

Themial (DT and TG) analyses were carried out using derivatograph C-M OM  with U2.1 
programme, in the temperature interval from 20° to 1050°C, at the heating rate of 10°/min.

A specimen of homogeneous anhydrite mass (L -V -10) was anlysed.
The DTA curve (Fig. 2) for this specimen does not show any thermal change in an- 

hydrite for the mentioned heating range. However, four endothermic and one exothermic 
effects are expressed, because the specimen contained gypsum and other mineral impuri- 
ties.

The first. double endothermic effect (at 125°C and 150°C) corresponding to gypsum 
marks the loss of crystal water. The second endothermic effect (at 550°C) refers to kao- 
linite (reflecting its dehydration), and possibly chlorite. Endothermic effects at 778° and 
812°C correspond to dolomite marking its dissociation. The exothermic effect at 448°C 
belongs to pyrite.

The MG curve (Fig. 2) shows the total weight loss of 6.73%.

Inf'rared Spectroscopy

Infrared spectra of the observed specimens were recorded for pellet (Kbr) on a 
Perkin-Elmer spectrograph model 597, in the range from 4000 cm 1 to 200cm Because 
halite is inert in the infrared frequency region, the contained mineral impurities and their 
approximate contents were measured by direct pressing and recording.

Six specimens were observed from anhydritegypsum masses of prevailing anliydrite 
(L -IV -1 , L -IV -4 , L -V -5 , L -V -1 0 , L -V I-6  and L -V I-8 ) and four specimens of pure 
minerals: one from pale violet anhydrite crystal aggregate (sampled from level III by 
N iko l i ć  et a l . ,  1978) and single monocrystals of epsomite (L-V -S^), halite (L -V -S 3), 
and gypsum (from a druse at level IV sampled by N ik o l i ć  et a l „  1978).

Dominant in the spectra of six anhydrite-gypsum mass specimens (Fig. 3) are anhy- 
drite and gypsum absorption bands, whose intensities varied in relation to these mineral 
contents; also well marked are absorption bands of carbonates: at 1435 cm 1 and 725 
cm”1 (dolomite) and at 712 cm”1 (calcite).



The spectra of pure epsomite, gypsum and anhydrite (Fig. 4) include absorption 
bands typical of these minerals, their positions and intensities being consistent with the 
published reference data.

An admixture detected in halite (Fig. 4) consist of 1% or less gypsum.

Chemicai Analyses

Mineral specimens from Lipnica deposit were chemically analysed for the contents 
of main and trace elements.

Main Elements

Contents of main elements were found by the standard chemical analysis. Three 
samples were analysed: one from homogeneous anhydrite mass (L -V -10), an epsomite 
monocrystal (L -V -S j), and a halite monocrystal (L -V -S 3). The results are given in res- 
pective tables (Tables 2,3,4) which also show earlier analithycal contents of anhydrite, 
gypsum and epsomite from the same deposit (Nikol ić  et a l . ,  1978).

Chemical analysis of the anhydrite mass specimen (Tab. 2,1) was used to calculate 
first the virtual mineral contents: 79.4% anhydrite, 3.2% dolomite, 1.1% gypsum, 3% sili- 
ca (quartz and opal), and 13.3% admixtures. Hence, even the macroscopically homogene- 
ous anhydrite masses contain high gypsum and other impurities. The same analysis was 
then used, after rejecting all impurities, to calculate the empirical formula of anhydrite: 
Ca1jB3(Na,K)o.14S04.

Chemical analysis of epsomite monocrystal (Tab. 3,a) was used to calculate, after 
having rejected all admixed components, the empirical formula of this mineral: 
Mg101S 0 4-6.70H20 .

Chemical analysis of halite monocrystal (Tab.4) shows pure mineral with only very 
low gypsum (0.52%).

Trace Elements

Contents of trace, microelements were found by the spectrochemical method of the 
emission spectrography. Spectra were recorded in a spectrograph with cross-dispersion 
ECT-1 and buming of analysed specimens in one-direction plasma arc and controlled 
atmosphere (Ar+02). The mean precision and mean accuracy of the analysis, controlled by 
Ge and Pd as intemal standards and on referent geochemical standards, were +10%.

Seven specimens were analysed: two from anhydrite masses (L -IV -1 and L -V -1 0 ), 
one from a crystal aggregate of pale violet anhydrite (L-III-K A ), one from gypsum mass 
(L -A -l) , one gypsum monocrystal (L-IV -K G ), one epsomite monocrystal (L -V -S j), and 
one halite monocrystal (L -V -S 3).

Only nine of twenty-five analysed microelements in the studied specimens were 
higher than the detection limit, and they are: As, B, Be, Bi, Cd, Co, Ga, La, Mo, Nb, 
Ni, Sb. Sc, Y, Zn, and Zr.



CONCLUSION

The preceding presentation of the laboratory (microscopic, X -ray, thermal, infrared, 
spectroscopic, and chemical) study of mineral substance from the Lipnica anhydri- 
te-gypsum deposit is a significant contribution to the knovvledge of the material proper- 
ties (mineral and chemical compositions) and the genesis of the deposit.

The study revealed, first of all, that the mineral association of the Lipnica deposit 
consist of: anhydrite, gypsum, carbonate rocks (dolomite and calcite), quartz, opal, feld- 
spar, clay minerals (kaolinite and illite), chlorite, pyrite. limonite, organic impurities. and 
crystal druses of gypsum, epsomite and halite (in cavities).

In relation to the quantitative rates in the deposit and to the economic significance, 
mineral constituents of the association can be divided into two groups:

1. essential constituents: anhydrite and gypsum. and
2. accessory constituents: all other minerals.
However, in respect of the mode and time of formation, these minerals can be divi- 

ded into three groups:
1. constituents supplied through hydrothermal processes: anhydrite (cristalline aggre- 

gates and few crystal aggregates), pyrite, and sparse crystal druses of gypsum, epsomite. 
and halite;

2. constituents supplied through sedimentation processes: detrital grains of quartz. 
feldspar and muscovite, clay minerals (kaolinite and illite), chlorite, and organic matter;

3. epigenetic constituents: gypsum (crystalline aggregates), carbonate rocks (dolomite 
and calcite), quartz, opal, limonite, and hexahydrite.

The composition of mineral association of the Lipnica deposit corroborates Ilić's 
(1993) hypothesis that it is a hybrid (hydrothermal-sedimentary) formation, deposited 
from Upper Jurassic submarine thermal springs and simultaneously mixing with normal 
marine sediments.

Particularly important for the genetic study of the deposit is the crystal habit of mi- 
croscopically small pyrite grains (occurring as impregnations in anhydrite) and the lead 
content in minerals of this deposit.

It was found by microscopic observation that pyrite is occurring in euhedral grains 
of pentagonal dodecahedral habit (102), which forms in the temperature interval from 
170°(150°) to 200°C.

Both specimens from anhydrite masses (80 ppm and 7 ppm) and epsomite monocrys- 
tal (62 ppm) were found, by spectrochemical analysis, to contain increased lead.

The above determinations indicate participation of hydrothermal solutions in the for- 
mation of Lipnica deposit, and significantly support the hypothesis on its hydrother- 
mal-sedimentary derivation.
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