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Y flK  552.08:551.761:553.53(497.11-15) O p n r im a j iH H  Hav'iH H pa/i

nETPOJIOrHJA TPHJACKHX BYJIKAHHTA 
COKO-rPA^A (3AnAJJHA CPBHJA)

o«

A hb X aK H H h ’ , ^ a i iH ije  CpehKOBHh** h B ejiH M H pa JoBaHOBHha*

y pajiy je naT npHKa3 MHHepajiouiKo^ieTporpa(j)CKHX H neTpoxeMHjcKHX KapaKTepHCTHKa nojaBe By.nKaHCKHX 
c re H a  T pnjacK e c r a p o c r H  y  6jih3hhh C 0 K 0 - r p a j ia  y  3anaHH oj Cp£>HjH. K o p n n ih e f te M  hhckphmhh3hhohhx TeKTOHOMar- 
m3tckhx j in ja rp a M a  h  nopel)eH ,eM  KapaKrepHCTHKa obhx crern  ca o;troBapajyhHM npoayKTHMa TpnjacKor ByjiKaHH3Ma 
npo^aBaHHM Ha cycejjHHM JTOKaJiHTeTHMa, H3HeTe cy npeTnocraBKe o reoTeKTOHCKOM CMeurrajy h  H>HX0B0j reHe3H.

K i . v t h c  pein: noptJjiipH TH . Ka.HKoa.HKajiHH K apaK Tep, cy6MapHHCKO nopeK .no, cy6nyK L(H ja,Tpnjac.

y B o a

ByjiKaHCKe CTeHe 'rpiijacKc cTapocTH jaBJbajy ce Ha BHine JioKajiHOCTH y ■ianajinoj 
Cpfinjn. Majja oBe nojaBe no CBojiiM ,HHMeH3iijaMa HHcy BeJiHKe, m xiocajiaiiin,HX n c ip a - 
>KHBaita ce MO>xe BH^eTH ^a je  h>hxob 'uia'iaj BejiHKH y 'iyMa'ien>y reoTeKTOHCKHX ojiho- 
ca y BpeMe HacraHKa obhx CTeHa.

Y obom pariv ne'ipojioniKH je o6pat)ena nojaBa •ipiijacKiix ByjiKaHHTa koji CoKo-l pa/ia 
y 6jih3hhh JLy6oBHje. Ctea nojaBa je yco oko 15 km jjvra'iKe h oko 1-1.5 km unipoKe, 30iie 
Koja ce n p y * a  oji PyjeBH,a (542) Ha ceBepo3anajjy jip Fopii>e Jby6oBH^e Ha jyroHCTOKy.

TepencKa iicripa>KHBaii>a o6aBJi>eiia cy y oK'rofipv 1994. h (t)HHaiiciipaiia cy H3 cpejicTaBa 
fI>oiijia 3a iiav'ina Hcipa>KHBaH>a CAHy. XeMiijcKe aHajiH3e rjiaBHHX ejieMeHaTa vpaHiene cy 
y JlaGopaTopnjH 3a iieTpojiornjv i’vjiapcKO-reojioniKor cpaKyjrrerra, a ejieMeHTH y TparoBH- 
Ma oj|peJ)enn cy y M rEM-y y M ockbh (aHajiifrn'iap T. Map'ieHKo).

JIHTEPATyPHH IIOJJAHH

IlpB a reojiouiKa HcnHTHBaiba o e4)y3HBHHM cTeHaMa Ha obhm TepeHHMa 06aBH0 je 
3C yjoB iih  (1893). Ll,BHjnh (1924) je  j^ao npHKa3 oporpac^nje nonpHHCKe o6jiacTii h yc- 
TaHOBHO jia 6ope HMajy jiHHapcKO npy*aH>e.

Ojj H aponiror iiia'iaja 3a no3HaBaibe reojioniKHx ojmoca Ha TepeHHMa Ilojjpinba h 3anajinc 
Cp6nje yoimrre, jecy paflOBH C h m h h a (1933-1957). IteroB a nc'ipa>KHBan>a o6yxBaTajy r}iay-

* Feorpa(J)CKH 4>aKyjiTeT, CTyfleHTCKH Tpr 3/III, B eo rp a^ .
** PyffapcKO-reojiouiKH (JiaKyjiTeT. 'B^uiHHa 7. B eorpan .



iiiicnriKc ojipej(fie najieo3ojcKHX creHa jajjapcKe cepHje, npoy'iaiiaif,e TeKTOHCKHX ojptoca y 
110j(pHHjCKHM njiaHHHaMa h c'ipa-nnpacJicKor nojioacaja jinja6a'i-po>KHa'iKe c^opMauiije y obhm 
TepeHHMa, a 1957. rojimie orpajmo je h MerrajioreHHjy oiiora jiejia 3aiiajine Cpflnje.

ripHJiHKOM nspajic OcHOBHe reojioniKe Kapre, jihct "JLy6oBHja" (K ubat i đr., 
1968), ByjiKaHCKe cTeHe TpHjacKe CTapocTH cy ojipe^eiie Kao "jia6pajiopcKii anjiesnTn”.

Oji HOBHjnx nc'rpa>i<iiBaii>a Koja ce ojuioce Ha ByjiK3HH3aM 'ipiijacKe cTapocTH, Ha 
jiHCTy "Jby6oBHja" h Ha iinipcM iiojipv'ijv, Tpe6a H3j[BojnTH pajioiie M ojcHJioBHha h 
ABpaMOBHh (1962/63) Kojn Ha iiojipiin.cKHM njiaHHHaMa KOHCTaTyjy nojaBe nopc|)H- 
pHTa h KBapnnopcJnipHTa, Kao h oflroBapajyhHX ByjiKaHCKHX 6pena n Tycf)OBa. I lo  H>iiMa, 
Ha JioKanHjaMa Koje cy H cnH T H B aJiH , npeoBJial)yjy ByjiKaHOKJiacTHTH.

j'Ie'rajbiia npov'iaiian.a rpiijacKHX ByjiKaHHTa 'ianajine C p6nje, ceBepHo oji ilp iin - 
cko—HBaibHHKor KpHCTajiHHa, Hajia3HMo y pajiy K n e ž e v ić  i d r . (1978). OBj^e je  jia r 
iiperaeji nojaBa ByjiKaHCKHX n Byjika11okjiac'rri11nhx CTeHa y Toj o6jiacTH Kao h H.nxoBe 
neTpoJiouiKe h xeMHjcKe KapaKTepncTHKe. EipeMa ayTopHMa, OBe cTene npiiiiajiajv rpn- 
jacKoj ByjiKaH0reH0—ceflHMeHTHoj cepiijn ( " Hopc}iHpn'r-po>i<iia'iKoj"), Koja je  p,e3aiia 3a 
Kpe'iii.a'iKo-jioJioMirrcKii nojac cpejjH>er Tpnjaca.

OBa cepnja je, no ibiiMa, y Be3H ca nponecHMa pa3JiaMaH>a jmnapHjjcKe njione 
oTnoneTHM y cpej(H>eM Tpnjacy.

KapaKTep BVJiKaHH3Ma je npeTe>Kiio HHTepMejiHjapaH, a oji CTeHa ce nojaBJbyjy 
nopcJjHpHTH, Kcpa-roc|iiipii n KiiapnKcpaToctnipn h pe^e 6a3ii'iiiiijii BapnjeTeTH.

HajHOBiija HCTpa>KHBaH>a, npiuiHKOM KojiK cy o6aBJi.ene jierrajr>iie neTpoxeMHjcKe aHajinse 
ByjiKainiTa KopHiiiheii.eM cajip>Kaja n Mel)yco6HHX ojnioca ejieMenaTa y TparoBiiMa, pajnurii cy 
K nežev ić  i dr. (1987/89), Jo v an o v ić  (1994) n Jo v an o v ić  i M rđa (1994/95).

KajiHHjyMaJiKajiHH xeMH33M TpnjacKHX ByjiKaHHTa ayTopH TyMaqe yTHqajeM Jiy6o- 
Kor cy6jiyKHH0H0r cncTeMa nciioji 30He pasjiaM an.a KOHTHHeHTajme Kope, kojh VTH’re na 
MeibaH>e KapaK'repncTiiKa MarMe.

TEO IOIUKA rPATiA TEPEHA

I lajcrapnje creHe Ha obom iiojjpyTijy iipnnajjajv najie030HKy jajiapcKor 'nraa pa3Biiha (npeMa 
O rK  jihct "Jty6oBHja", K ubat i dr., 1968). To cy jjoH,oKap6oiicKe, KJiacwme hjiii 
MeTriKJiac'ni'iHe h cpcjni,<)Kap6xiiickc, Kap6oiiarnie, TBopeBHHe, npeKO Kojnx jmcKopjiairnio jiokc 
neuiHapn, rjiinmH n Kpe'in>auii cpejiiber, h npira 6inyMirao3HH Kpe'iu.aiiji ropiber nepMa.

JIoibOTpHjacKH cejjiiMcH'ni Kojri, npeMa ayTopHMa TVMa'ia 3a j ih c t "Jhy6oBHja" 
O rK , Jie*e K0HK0pjiaHTH0 npeKO ropiber nepMa, npeflCTaBJbeHti cy Kap6oHaTHHM h 
KJiaCTHHHHM TBOpeBHHaMa.

Cpejubii rpnjac je  na obhm repeHHMa jjo6po 3acTynjbeH. Ca H3y3eTKOM jiajumcKe 
ByjiKaHoreHo—cejiHMeHTHe cepiije, t o  cy Kap6oHaTHii, MaxoM iiJiirrKoiiojiiin, cejiHMeHTii.

JypcKe TBopeBHHe cy iipejic'raiiJi,ene ByjiKaHHTHMa, KJiacraTHMa h po>KiiaHHMa "jrii- 
ja6a3-poacHaHKe cfjopMaitHje”.

KBapTapHe Hacjiare, M a x o M  iiajimicKe, cjia6o Be3aHe Kpe'ni.a’iKe 6pe'ie, nojaiiJi.vjv 
ce Ha jyro3anajtHHM o6poHU,HMa nJiaHHHCKHX BpxoBa, Ha noTe3y Ka rpanaHHHKoj peun.

flHCKYCHJA

IIojaBa ByjiKaHCKHX CTeHa 'ipHjacKe CTapocTH Ha obom TepeHy jico je oko 15 km 
jtvra'iKe h oko 1-1,5 km iunpoKe 30He Koja ce npaimeM cep.epo'ianaji“jyroHc'roK npv>Ka



ojj Bpxa PyjeBan; (542) jjo ro p H .e  J L y 6 oBHt)e. FIpeM a ayTopHMa Jinc'ra "J L y 6 oBiija" O r K ,  
to cy "jiaopa;iopcKii a ii^ e iir n i" npaheHH ojiroBapajvhiiM -iy(j)OBHMa. HonnjiiM iic ipa>KHBa- 
BiiMa OBe CTeHe cy jiccjiinincaiic Kao nopc|)iipirrn, pet)e KepaTocj)iipn h KBapHKepaTocj)iipn.

Koji CoKo-rpa/ia ipiijacKii ByjiKaHHrra  ce jaBJbajy Kao h3jihbh yHyTap cepnje cpcjin.o- 
ipiijacKHK Kap6onaTiiHX cejinMeiiaTa. I Io/iiniv ByjiKaHHTa iipcjicTai!Jhajy chbh, raHKoiuio- 
'iacrn Kpc'iii.auH, jiok cy y noBJiaTH Kpc’iii.ann ca npocjiojnHMa H,pBeHHX po>Knan,a. M yHyTap 
H3JiHBHor Tejia 'iccto ce jaBJtajy u,pBeHH po>Kiiaii,ii y biijiv co’iiiBa hjih Maii,n.\ npocjiojaKa.

ByjiKaHCKe cTeHe, npeMa CBojHM MiiiicpajioiiiKo -iie'iporpacjjcKHM h xeMiijcKHM KapaK- 
TepHcniKaMa, M o ry  ce ojipejiiiTii Kao iiopcj)HpHTH. 3ejieHe cy, iioiicKajj h MpKoupBciic 6oje, 
MacHBHe j(o Manjjojiacj'e TeKCType. Mecro cy Hcnpecen,aHH Kajm;HTCKHM hjih KBapipiHM >k i i - 

JiiinaMa, a m c c jj im iim iio  cy n nciivnajiii. Ha neKiiM MsjiaiiiiiiMa M o ry  ce 3ana3HTH n pcj'Ke n o -  

jaBe p illow -jiaB a iipe'iiiiiKa oko 20 cm. Pa3JiHKa y 6oju ce o6ii'iiio TyMaHH jpanccjiopMann- 
jaMa iioBpiHHHCKiK Jiejiona cTeHe iioji yTimajeM aj'Mocrjjcpnjiiija (jiHMOHHTHsauiijoM TeniKHx 
MHHepaJia) hjih pa3jihhhthm jiy6iiiiaMa Koiicojiiijiauiijc (rjie y ilhhtkobojjhhm ycjioBHMa jio- 
Jia3H jio oKcijjianijju cj)epo-y cj)epu -rBO>Kl)e).

Cn. 1. PejiHKTH pillow-jiaBa.
F ig .l. Pillovv lava remnants.

M '- ip a 'i i r r o  c y  n o p c j)H p c K e  c r p v K j 'v p e  c a  n p n c y T H H M  c |)e i io K p iic T a J iH M a  n j i a m o K J i a c a  

h  p e j iH K a T a  6ojeH H X  M H H e p a J ia  K o jn  c y  n e K a j i  n p e j ic T a B J b e H H  n o T n y n o  H3MeH>eHHM 
3 pH H M a. <I>eHOKpHCTajIH JIO K C y  X H nO K pH C TaJI3C TO j OCHOBHOj MaCH C T eH e.

I fopeji npncyTHHX 30HapHHX nJiarnoK Jiaca h pejiHKaTa 6ojeHHx MHHepajia, o;i Kojnx 
cy iia jrien ih ii KJiHiioiiiipoKceii h  aMrf)ii6 oji, y MHHepajiHOM cacTaBy cTeHe y'iecTByiy h 
xjiopHT, eijiijioT, Kajirjijj', KBapii; h  Me'rajiH'iiiii MHHepajiH.

I I j i a r i i o K J ia c  j e  n p e T O K i io  i ip e j ic T a B J i .c n  r f j e i io K p u c T a j i i iM a ,  a jiH  c e  j a B J t a  h  y b iij iv  

MHKpO JIH T a y  OCHOBHOj M3CH C T eH e.



O e H O K p iic T a j iH  i r a a r i i o K J i a c a  c y  n p e / j c r a B J b e H H  HflH0 M 0 pcJ)HHM  3 0  x h i t h j i h o m o p ( | ) h h m  

3p H H M a T a S j iH H a c T o r  h  u p H S M a T H 'iH o r  x a 6 n T y c a ,  y o H Jb H B e  3 0 H a p H 0 CTH, H a  0 CH0 B y  ' i e r a  c e  

MO>Ke H 3B e c T H  3 a K JL V 'ia K  j i a  c e  p a j m  o  H i r r e p M e r i i i ja p i iH M  ira a rH O K J ia c H M a . P e T K H  f j i e n o -  

K pH C T ajiH  cy J ia M e J ia p H O  6 jin > K ib e n H . O h t h ti k h m  M e p e n ,i iM a  yTBpl>eH j e  ca;ip>Kaj a H o p T H T a  o j |  

4 0 - 5 0  %  u i t o  o j |r o i > .a p a  a i i j i e 'j i m v .

Cji. 2. 4>eHOKpHCTaji 30HapH0r njiarHoiciaca, N +, 30x.
Fig. 2. The zoned plagioclase phenocryst, N +, 30X.

n j i a r n o K J i a c  j e  ' i e c r o  HHTeH3HBHO a j r r e p n c a n  ( c e p i i i iH T H c a i i ,  a p rH J iH T H c a H , K a J in ii-  

t h c 3 h ) .  M j i a 3 e B H  c n T i i o j h y c i i i r i a c T o r  c e p i m n T a  ' i e c rr o  c y  H s jiB o je im  jiv>k 6 j iH 3 HHX p a B H ii  

H 3M el)y  J ia M e J ia . I l o H e K a  3 p H a  c y  H c n p e c e n a H a  n e n p a B H JiH O  H 3 y K p u iT aH H M  >KHJiiiii;aM a 

h j i h  m a 11> 11 m HaroMHJiaitHMa H3y 3eTHo cHTH03pH0 r  Kajiu;HTa. 3 oHapHa 3pHa cy  y  CBojHM 
H eH T pajiH H M  j ie j io i iH M a  H H TeH 3H B H H je H 3M eH >eH a (y rJ iaB H O M  y n p e H H 'r ) ,  J |o k  T p a i ic ( |) o p -  

M a n i i ja  H jiy h n  K a  n e p i K j j e p i i j i i  ( |)e i io K p H C T a jia  c j i a 6 n ,  a  K a o  n p o jiv K T H  a j r r e p a n n j c  c e  

c p e h y  x j i o p i i T  h  e n H jio T . n o j k h j i h t c k h  3 a x B a T a jy  CHTHHja 3 p H a  M eT ajiH 'iH H X  M HHepajia, 

' i e c T o  H JiM eH H T a K o jh  c e ,  M ecT 'H M ii’i n o  y o 'iJ i> H B o , ■i p a i ic c t)o p M H iiiy  y  J ie y K O K ceH . E Ip H c y T -  

H a c y  h  H e n p a B H JiH a  n a r o M H J i a i r a  M e T a j iH 'in n x  M H H e p a J ia  y  lu i j iv  c h t h h x  3 p H a .
H3Mel)y ( t)e n o K p n c T a jia  iu ia rH O K Jiaca  c p e h y  c e  K p y in n i pejiH K TH  ( t)e iio K p n c rr a j ia  6 o je m ix  

MHHepana. H a j n e i u h e  cy t o  K JiH HonHpoKceHH iipejiCTaiubciiH ayrHTOM B p jio  * h b h x  m n x ;p (t)e -  

peim jiix  6 o ja  i c i h  aM(j)n6ojin, n e c r o  ca onaujrrcKHM py6oBHMa. Bojem i cacrojiiji cy inrreH3HBHO 
ajiTCpHcami, iiaj'ieinhe xjiopHracaHH h j ih  npeTBopeHH y a iperaT  Kfumirra h  eiinjio'ra.

H p H c y c T B O  o 'i y B a i in x  (J jo p M H  o j i a K iu a B a  j ie T e p M i in a n H jv  n p H M ap H H X  M i m e p a j i a ,  j i o k  

c e  k o j i  H H TeH 3H B H o x jio p H T H caH H X  h  n o T n y H o  T p aH ccJ)opM H caH H X  3 p H a  6 e 3  o ' i v n a n e  

( J io p M e  h  i i p e T B o p e i iH X  y  a r p e r a T  x j io p H T a  h  K ajin ,H T a, m o> kc caM O  n p e T n o c T a B H T H  J |a  j e  

n pH M apH H  M H H epaji aM (})H 6oJi. n p H c y T H a  c y  h  3H aT H 0 cHTH H ja 3 p H a  6ojeH H X  c a c r o j a K a
XHIIHJ|HOMOp(trHHX H MeCTTIMH'IHO HCTpOHleHHX ({lOpMH, HHTCH3HBHO XJIOpHTHCaHa.



Cji. 3. MaHjiojie HcnyH,eHe KBapnoM h  xjioph tom , N +, 30X. 
Fig. 3. Amigdaloes filled uo with quartz and chlorite, N +, 30X.

Cji. 4. riHJioTaKCHTHa 0CH0Ba y nopcjjHpHTHMa, N +, 90x. 
Fig. 4. Pilotaxitic ground-mass within porphyrites, N +, 90x.



X j i o p h t  j e  n p i i c y T a H  jiB o ja K o : K a o  r ip o jiv K T  n p e o 6 p a » c a j a  npH M apH H X  6 o jeH H X  c a c -  

T o ja K a ,  K a j ia  c e  j a B J t a  y  b h i iv  C B eT Jio  3eJieH H X  B JiaK H acTH X  arperaTa s a j e j t i i o  c a  K a ji-  

u ,h to m  h  c h h j i o t o m ,  h  K a o  c a c T o ja K  o cH O B H e M a c e  C T eH e , y b h j iv  Man>HX H a ro M H J ia H .a  h  

M J ia 3 e B a  y o H J b H B o r  n o j iH x p o H 3 M a  h  o 6 h h h o  HHTeH3HBHHX H H T epcJ)epeH T H H X  6 o j a .
K a j i m n ' c e  j a B J t a  y  BHjiy >K iuiH na h ,  o k o  ih i ix , c ii  rH iijn x  n a r o M iu ia H .a  y  b h j iv  o c i p i i a n a .  

K a o  T aK aB , j io c T a  j e  ' i e c r  n r r o  j jo b o j ih  j io  3 a K J ty H K a  j ja  j e  j i o 6 a p  jjeo K a jm n T a  B epoB aT H O  

n p H H e m e H  y  CTeH y K acH O M am aT C K H M  p a c T B o p H M a  nocjie H 3 B p m e H e  K o n c o j i im a n n je .  J],eo 
K a jm H T a  j e ,  n p e T n o c T a B J b a  c e ,  H a c T a o  h  a jiT e p a u ,H jo M  npH M apH H X  M H H ep a jia . 3 a n a > K e H  j e  H a 

iu ia rH O K Jiac H M a y  b h j iv  H 3y3eTH O  c h t h o 3 p h h x  H a ro M H J ia ib a  h j i h  K a j(a  npo>K H M a 3 p H a  iu i a -  
r n o K J ia c a  v c j ie j i  n e r a  j e  ii.HXOBa cH B a H H T epcJ)epeH T H a 6 o j a  T eK  n pH M eT H a. M ii'i’e H 'iH 'ie 'i ' a n -  

T e p a i(H je  o n a j j a  o ji  i i e p n ( f ) e p n je  K a  u e in p a j i i iH M  jiejiOBHMa 3 p H a.

K B a p n  c e  c p e h e  y peT K H M  h  y caM Jb eH H M  3 p H H M a, i i a j ' i e i i i h e  n o j k h j i h t c k h  3 a x B a h e H  
o j j  c i p a H e  n j i a r n o K J i a c a .  3 a n y H > a B a  h  p e T K e  n p o c T o p e  H 3M el)y  cH rn iH jn x  3 p H a  6 o jeH H X  

c a c T o ja K a  (H H T e p c T H im jc K o r  j e  K a p a K T e p a ) .  r io  3 a c T y n J b e H o c T H  j e  y B ehH H H  n p H M e p a K a  

3 a H e M a p jb H B  Kao cacTojaK. Y  c j i y n a j y  n o B H m e H o r  c a jip > K a ja  (K aK aB  c e  ja B J b a  y cTeHaMa 
HeKHX j i p y r n x  j io K a jiH T e T a  y i m i p o j  o k o j i h h h )  M o r j io  6 h  c e  ro B o p H T H  o n p e j i a 3 y  o b h x  

CTeHa y kb a p n n o p (j ) irp ir re .
M e 'r a jn r i i iH  M HHepaJiH c y  i ip e j ic 'r a iu b e i i i t  n p e 'i 'O K iio  c h t h h m  3pHHM a HenpaBHJiHO npo>K e'n iM

II vnpcK aH H M  v o c h o b h v  M acy  c r e H e . TI e c rr a  j e  n o ja B a  H JiM em rra  K ao  h  ib e r o B a  'ip a n c c ^ o p M a iu ija  y 
jieyK O K ceir. M a i b a  H a ro M iu ia ib a  h  'ie n u b a c T C  c |)opM e, j io rp i iM  jjc jio m  B e h  'ip a iicc |)o p M H caH e  y  

JieyKOKceH, i i a j 'i e i i ih e  c y  npH cyT H e n o  c})eHOKpHCTajiiiMa 6 o je if lix  M H H epajia.

TaGeJia 1. XeMHjcKH cairraB By.nKaHHTa C oK O -rpaaa  (y T e* . % )
Table 1. Chemical composition of volcanic rocks of Soko Grad (in wt.%)

y3opaK
sample Ž -37 Ž -38 Ž -41 Ž -4 2 Ž -45

■SiO, 59.02 58.33 64.18 61.61 58.65
TiO, 1.30 0.86 0.90 0.71 0.88
A1,0. 14.51 16.39 15.35 14.95 15.07
F e ,0 ; 6.01 8.23 3.12 5.25 4.73
FeO 0.98 0.68 1.03 0.77 0.98
MnO 0.09 0.09 tr tr 0.09
Mf>0 4.08 3.32 2.03 3.33 3.40
CaO 2.99 0.20 3.43 4.95 5.76
N a,0 5.50 5.50 4.50 2.80 2.90
K ,0 1.60 2.07 3.42 2.54 2.50
p ;o 5 0.21 0.59 0.35 0.30
H,0" 3.27 2.73 1.93 2.83 3.87
H ,0 ' 0.03 1.70 0.17 0.20 0.77

Z 100.38 100.31 100.65 100.29 99.90

Ž-37, Ž-38, Ž-41, Ž-42, Ž-45 -noptjHpnTH OKOJiHHe COKO-Fpana 
Ž-37, Ž-38,Ž^tl,Ž^42,Ž^l5 - porphyrites of Soko Grad

OcHOBHa Maca cTeHe je  xiinoKpHCTajiacTa h  y H>oj cy Haj3acTynjbeHHjH m h k p o j i h t h  
HJiarHOKJiaca (jiaMejiapHO 6 j ih > k h > c h h , i h t o  ce Moace 'iyM a'iirrn h > h x o b h m  K iic c jiii j i iM  

K a p a K T e p o M  H e r o  i d t o  je  t o  c jiy Tiaj k o j i  3 0 H a p m ix  c|)eiioKpircTajia), 3aT H M  xjiopiiT, 
ennj(OT h  KajiijHT. n oireK aj( ct)ciioKpiic'rajiii j i o k c  y nHJioTaKCHTHoj ocHOBHoj m b c h .

H a 0 C H 0 B y  n o p e t j e i b a  xeM iijcK H X  K a p a K T e p n c T H K a  n o p c} )H p H T a c a  n o j ia n i iM a  H3 j i h -  

T e p a T y p e ,  M O * e  c e  3aKJbyTiHTH j ( a ,  y 3 M a ib e  o c n i i J i a n i i j e  r io je jiH H H x  e J ie M e H a T a  (Si B a -



pnpa oa 1 /jo 4 % , yKynHO Fe 30 3 % ), HcnHTHBaHe cTeHe o/u'OBapajv HH'repMc/nijapHHM 
CTeHaMa (B H H orpaflO B , 1962).

IIp e M a  cbom  xeM H 3M y, CTeHe OBe jioK ajiH O C TH  0 /ii'0 B a p a jy  ocTaJiH M  ByjiKaH H TH M a  

noApHita h 3ana^He CpSnje (JoBaHOBHh h M p ^ a ,  1995; K n e ž e v ić  i dr. 1978).
C j ih ' ih o  je  h  ca  HeKHM  /ipvi iiM  J iH T e p a iy p H H M  110/iaunM a y  o/jh ocv Ha K o je  He 110c- 

T o je  B e h a  o/icTyrian>a y  u orjie/ iy  xeM H 3M a, K a o  ih t o  c y , Ha n p H M e p , 'rp n ja c K ii aH/iesiiT ii 

Jl,HHapHfla (P a m ić , 1982).
H e u iT O  b h u ih  canpacaj K20  y  h c k h m  aH ajiH 3HpaHH M  y 3opu;HMa (n o ro T O B O  y  Ž —42) 

M o ra o  6 h  ce T y M a w r a ,  c j ih h h o  K a o  y B y jiK a m rra M a  TpoHome ( J o B a H O B H h  11 M p ^ a , 
1 9 9 5 ), HaKHa/jHHM n p on ;eco M  K ajin jcK e  M e T a co M a T O 3e.

H a 0CH0 By o/jHoca S i0 2-N a 20 + K 20  (/p ijarp aM  L e M a itr e ,  1 9 8 9 ) CTeHe o/ iro B a p a jy  

y rjiaB H O M  aH fle3HTHM a (cji. 5 ).

RHYOLITE

_________________________________________ 1__ 1__ 1__ 1
37 41 45 49 53 57 61 65 69 73 77

ULTRABASIC | BASIC | INTERMEDIATE | ACID S i 0  2 w t%

45 52 63

Cji. 5. J^njarpaM S i0 2 -  Na20+K 20  (Le M a i t r e ,  1989).
Fig. 5. The S i0 2 versus Na20  + K20  diagram (Le M a i t r e ,  1989).

lipeM a o/jHocy K20 - S i 0 2 (/injarpaM  no L e M a i t r e ,  1989) ( c j i .  6) t o  cy c p ezu te -/io  
BHCOKOKaJinjcKH aHfle3HTH, ca H3y3eTKOM y3opaKa Ž-41 h  Ž -42, Kojn, 36or HeuiTO 
B i i m e r  ca/ip>Kaja S i0 2, na/i;ajy y n o j b e  b h c o k o  h  cpejni,oKajinjcKux /lauirra h  piiojnrra.

H a 0CH0By nojio»caja 'ra’iaKa na /uijai paMv Kojn Tpenipa o/iuoc Na20 + K 20 -M g 0 -F e0 *  
( I rv in e  & B a ra g a r ,  1971) ByjiKaHHra npHna/tajy KajiKoajiKajiHOM H H 3y (cji. 7).

Vnope^HBaiteM  /to6njeHHX pe3yjiT3Ta ca/tp»caja ejieMeHaTa y TparoBHMa y o b iim  

CTeHaMa ca nonaijHMa H3 JiHTepaType (B iiH o rp a n o B , 1962), 3anaaca ce HeuiTo h h * h  
ca/ip>Kaj Ba Hero u ito  je  t o  KapaKTepncTit'iiio 3a HHrepMe/injapue cTeHe, iu to  ce MO*e

- N a20 + K  p  wt%
p h o n o l it e



K
20 

(w
t%

)

Si02 (wt%)
Or. 6. flnjarpaM  SiO, -  K ,0  (Le M a i t r e , 1989) 

Fig.6. The SiO, versus K ,0  diagrara (Le M a i t r e ,  1989)

FeO*

C ji. 7. flnjarpaM  Na20+K 20-M g 0 -F e0 "  ( I rv ine  & B a r a g a r ,  1971) 
Fig. 7. Diagram N a,0 + K ,0 -M g 0 -F e0 ' ( I rv ine  & B a r a g a r ,  1971)



T yM aH H TH  ifceroB O M  p e jiaT H B H O  BejiH K O M  M o 6 H J iH o m h y  h  H H iieH H H O M  j^a c e  O B jie H e p a -  
flH O CBe>KHM CTCH aM a.

Ta6ejia2. Caflp>Kaj eJieMeHaTa y TparoBHMa y ByjiKaHHTHMa COKO-Fpajia (y ppm ).
Table 2. The trace elements content vvithin volcanites of Soko Građ (in ppm).

y3opaK
sam p le N< 1 Ž -38 Ž -41 Ž -4 2 Ž 4 5

Ba 238 174 246 368 356
Zr 157 172 218 217 214
Nb 7 8 9 9
Y 25 25 42 32 34
Sr 120 91 110 169 118
Rb 32 43 132 74 "5

Z-37. Z-38, Z ^ tl, Z-42, Z 45 ■ 
Ž-37, Ž-38, Ž 41.Ž 42. Ž 45

nopcJiHpHTH CoKo-rpafla 
por]3hyrjtes of Soko Grad)

I lo p e t jc H .e M  c a  T p n ja c K iiM  ByjiKaH HTHM a f lH H ap H fla  (P a m ić , 1982), T a K o b e  c e  ishjiu 

o jIc T y iia n > e  y  c a j ( p * a j y  Ba, j io k  c y  c a j ip » c a j i i  Zr, Y h  Sr B p jio  6 j ih c k h , C K o p o  H i i j i e im i 'i i i i i  c a  

i io p e ^ e n i tM . M n a 'i e ,  ByjiKaH HTH T p ii ja c K e  B V J iK a H o re n o -c e jiH M e irn ie  c e p n j e  y  T a n a ju io j  Cp- 
6 i i j n  n o K a s y jy  H3BecHO o 6 o r a h e H > e  Ba, jro  T e M e p e  jia  c y  3 a  h >h x  B e 3 a H a  h  J ie a c H u r ra  o a p i r r a  

(Eo6nja; K n e ž e v i ć  i dr . ,  1987; J o v a n o v i ć ,  1994). OcTaJiH HciiHTTiBaHH e jieM eH T ii c y  y  

rpaH H ii,aM a jiaTor o n c e r a .

Y  o ju io c v  Ha ca jip > K a j e j ie M e H a T a  y T p a ro B H M a  y B yjiK aH H T H M a o c T a j in x  J io K a ji-  
h o c t h  y  I I o j ip i iH .v ,  H eM a roT O B O  HHKaKBHX o jic T y n a ii> a .

C ji. 8. flnjarpaM  Zr/H 02 -  Si02 
(W in c he s t e r  and
F lo y d ,  1977).

Fig. 8. The Zr/TiO, versus Si02 
diagram (Wi nch es t e r  
and  F l o y d .  1977).

Zr/T i02 (w t% )

I I p e M a  n o j io a c a jy  T a 'ia K a  H a iieKHM KJiacHfj^iiKanHoiniM jinjarpaMHMa (S i02-Z r/T i0z Ha 
cji. 8. ii Zr/T i02 -Nb/Y na cji. 9.) CTeHe iiajiajv y noji>a anjieTHTa.

TepMim nopcfiHpHT n p H X B a h e H  j e  3 6 o r  cnenHcJiHHHe cy6MapnncKe K O H C o jin jiaH H je  
J ia B a  aH jje 3 H T C K o r x eM H 3 M a.



Kao n o M o h  y i i c f |n n iH c a i n y  x c M H jc K o r  K a p a K T e p a  h  re o T e K ro H C K H X  y c j io B a  CTBa- 

p a n > a  T p n ja c K H X  ByjiKaH CKHX C T eH a C o k o - I  p a j i a  a H a jiH 3 H p a H  j e  o j i n o c  h c k h x  K a p a K -  
T epH C T H TiHHX c j i e M e i ia T a  H a , y  j i i i T c p a T v p n  H a j ' i c i n h e  K o p i i in h e i i i iM , T eK T O H O M arM aT - 

CKHM flHCKpHMHHaU,HOHHM JJH ja rp aM H M a.

(W i n c h w s t e r  and  F lo y d ,  
1977).

9. Diagram Zr/TiO, -  Nb/Y 
( W in c he s t e r  and  F lo y d ,  
1977).

TaKO na Tp0K0Mn0HeHTH0M jinjarpaM y ojjHoca Ti/100-Zr-Y 3 (P ea rce  & C ann , 
1973, ) Ta'iKe irajiajv y nojbe Ca-ajiKajiHHX 6 a3ajiTa, o jih och o CTeHa KapaKTepHCTHHHHX 
3 a  BVJiKaHCKe JivK O B e ( c j i .  10).

T i / 1 0 0

C ji. 10. JJajarpaM Zr-Y 3-Ti/100 (Pearce  & 
C an n ,  1973): A - HHCKOKa.nnjcKii Tone- 
hth, B - 6a3aJiTH OKeaHCKor jiHa, C -  Kaa- 
KoaJiKa.TiHH 6a3ajiTH. D - 6a3a.nTH HTioia.

Fig. 10. Diagram Zr-Y*3-Ti/100 (Pea rce  
& C ann ,  1973): A-lavvpotassium tho- 
leites, B - oceanTloor basalts, C- calco- 
alkaline balasts, D-plate basalts.

I l p e M a  j jH ja r p a M y  ( c j i .  11) o j iH o c a  rjiaBHHX e j i e M e n a T a  M g0-A l20;,-Fe0* (P earce  
et al, 1977), t o  c y  oporeHH B yjiK aH H rr a ,  j i o k  ce na j i n j a i  paMV Zr/Y-Zr (P ea rce  a n d  

N o r y .  1979) 'r a 'iK c  K O H U ,eH T pn iiiy  y  n o j b y  6 a s a j i T a  i i J i o 'i a  (WIyF) ( c j i .  12).



FeO*

C ji. 11. JHajarpaM M g0-F e0*-A l20 3 ( P e a r c e  et  a l ,  1977). 1. ocTpBa Ha cnpenHHr-LieHTpy. 2. oporeH a 
no^pyqja, 3. cpeflH>ooKeaHcicH rpe6eH , 4. oKeaHCKa ocrpB a, 5. KOHTHHeHTajiHe ruioqe 

Fig. 11. Diagram M g0-Fe0*-A l20 3 (P e a r c e  et  al . ,  1977). l.sp re a d in g  cen te r is lan d s , 2. orogeny areas, 
3.midocean r idge , 4. ocean is lan d s , 5. con tinen ta l p la tes

Z r (ppra)

Cji. 12. flnjarpaM  Zr-Zr/Y (Pearce  & N or ry  , 1979). A . Ea3aJiTH n.noMa, B. 6a3ajiTH OKeaHCKnx ocTpBa. II,.
Ba3a.iiTH cpejiitooKeaHCKor rpe6eH a.

Fig. 12. Diagram Zr-Zr/Y (Pea rce  & N o r r y ,  1979). A. plate basalts, B. ocean islands basalts, C. 
midocean-ridge basalts



Ha j in ja rp a M V  Nb*2-Zr/4-Y (M esh ed e , 1986) 'r a 'iK e  nanajy y n o jfc e  "11,", i u t o  s n a ' i n  

jja  CTeHe H M ajy K a p a K rrepH C T H K e 6 a 3 a j iT a  ByjiKaHCKHX JiyK O Ba h  6 a 3 a j iT a  i iJ io ’ia  (c ji . 13).

NbX2

Cji. 13. HHjarpaM Zr/4 Y--Nbx2 ( M e s c h e d e ,  1986). W PA- aJiKajiHH 6a3aJiTH KOHTHHeHTajiHHX n jio ia ,  
VVPT- ToJieHTCKH 6a3aJiTH ir io 'ia , MORB- 6a3aJiTH cpe;jH,ooKeancKor rpe6eH a, VAB- 6a3ajiTH Byji- 
KaHCKHX JIVKOBa.

Fig. 13. Diagiam Zr/4-Y - NbX2 (Mescl i ede .  1986). W PA -alkaline plate basalts, W PT-tholeitic plate 
basalts, M ORB-midocean ridge basalts, VAB-volcanic arc basalts.

C o 6 3 H p o M  j ja  c e  H a 0C H 0 B y  jiH C K p u M H H a u u o u n x  rreK TO H O M arM aTC K H X  j i u j a r p a M a  

b h j jh  M e u i a i t e  K a p a ic r c p u c T H K a  B y jiK 3H H T a ByjiKaHCKHX JiyK O B a h  B y jiK aH H T a i u i o ’i a ,  a  

H M a jv h n  y  b h j iv  n o j ia T K e  H3 J iH T e p a T y p e  (K n ežev ić  i d r . ,  1978) j\a c y  O Be c T e H e  B e 3 a H e  

3 a  n o n e T a K  p H c J iT O B a ita , M O * e  c e  3aK Jt>yTiH TH  j j a  j e  Ha r e H e p n c a i t e  MarMii K a jiK o a j i -  
K a j iH o r  K a p a K r e p a  H M a jia  V T i in a ja  h  H eK a  c y 6 j iy K o i ia i i a  K o p a .

M a m e  K a p a K T e p H C T ii iH e  3 a  pH (J)T H e 3 0 H e  y  oB aK B H M  ycjiO B H M a c e  M e m a jy  c a  

n a p u H ja j iH O  CTO iiJbeH H M  M a T e p n ja j io M  c y 6 jiy K 0 i> .a iie  o K e a n c K e  K o p e  h  j i e j io B a  o M O T a 'ia .  

O B a K o  r e H e p H c a n e  M a rM e  M o r y  h m ^ t h  K a J iK o a J iK a jiH ii K a p a K T e p .

Y c jie ji n p o j i a c K a  K p o s  jje6 ejiy  KOHTHHeHTajiHy Kopy jaBJbajy ce  H a jn p e  Kiicejinjn 
THnoBH jep  Tajia nocTojn M oryhnocT inrreiriHBiie KoirraMHiiauuje. B iic o k  cajip>Kaj JiaKo 
HcnapjbHBHX cacTojaK a koji obhx M arM H  ycjioBJi>aBa ep yn u iije  6 oraT e 11p n p o kjia cth 'iiih m  
MaTepnjajiOM ih to  o 6 jaiiui>aBa nojaB e ByjiKaHOKJiacTHHHHX CTeHa y  okojihiim  repeHHMa.

3AKJbYMAK

Y  [leiiocpejiiioj 6 j ih 3 K h h  C o K o -r p a jja  y  3anajiHoj C p 6 i i j i i  p e r n c T p o B a u a  je  nojaBa 
B yjiK aH C K iix  CTCHa T p n ja c K e  C T a p o c T H . Jap>Ji>ajy c e  y  o 6 jiH K y  c j iu i i o i i a  y n y T a p  c e p i i j e  

CpejlH,OTpiljaCKHX Kap6 oHaTHIIX H CHJIHUHjCKO-Kap0 OHaTHHX cejiHMeuaTa.
BvJiKamiTH no CBojiiM MHHepajiouiKO-nerporpacJjcKHM n  xeMiijcKHM KapaKTepnc- 

T H K aM a o j i r o B a p a j y  i i o p t | ) i i p i r n i M a .  l ’ a j iu  c e  o cy 6 M ap riH C K H  H3JiHBeHHM  c T e H a M a , 3 e j i e n e



rio  M p K o u p R c ir e  6 o j e ,  M a c iiB H e  i i j ih  M a i i j io j r a c T e  T e K C T y p e , M c c T H M irn io  j iv 'i e in iM  y  i! iijiy  

p i l lo v v  j ia B a .
O r p y K ri y p a  r io p rjm p H T a  j e  yrJiaB H O M  x n n o K p i ic T a J ia c T o -a o p r} in p c K a . k h r p a h i e m i  c y  o n  

n j i a r n o K J ia c a  H rrT c p M e jn tja p n o i K a p a K T e p a , p e jiH K a T a  6o jeH H X  M H H ep a jia  (aM r{ )ii6 o jra  n  

K J iH H o m ip o K ceH a), x j io p H T a , c i ir r j io T a , K ajin ,H T a, y 3  H e u r r o  K B apu,a h  jro c T a  M e T a jiiiTiHHX 

M H iie p a jia  ( r i a j 'r e n r h e  H JiM eH iiTa, j r e jn iM ii 'i i io  h jih  n 0 T n y H 0  • rp a rrc c f io p M irc a iio r  y  jiey K O K ce n  h  
Ma ra e T H T a ) .

O p e M a  xeM H jcK O M  c a c T a B y  t o  c y  H H T e p M e flH ja p H e  C T eH e h ,  n p e M a  K JiacH cjrH K anH O - 
h h m  jr r i ja rp a M H M a , o j r r o B a p a j v  c p e j i r r e -  j jo  B rico K O K ajitr jcK iiM  a t i j t e s i r r H M a  K a J iK o a jiK a ji-  

n o r  H H 3a.

Ha o c h o b v  n o j io > K a ja  H a  jr i ic K p irM ii i ia n i io n i iM  TeK TO H O M arM aTC K H M  jjH ja rp a M H M a , 

n o c T o jH  H 3B ecH O  M e itia it> e  K a p a K T e p n c T iiK a  B y jiK aH H T a B y jiK a n c K iix  JiyK O B a h  B V JiK aiiH Ta 
THHH'rHHX 3 a  p r t r j n  rre  3 0 H e  H a K O H TH H eH TajiH H M  i iJ io 'ta M a .

n o 3 H a B a j y h n  reo T eK T O H C K e o j^ H o c e  y  B p e M e  c T B a p a i i a  o b h x  C T eH a, M o r y h e  o 6 j a m -  

n ,e n , e  ii,H X O Be r e H e 3 e  j e  Jta  cy O H e npojTV K Tii ByjiK3HCKe aK T H B H ocT H  B e 3 a H e  3 a  p a 3 J ia -  
M a i t e  K O H T H H eH T ajiH e K o p e  K o je  j e  y c j io B J b e n o  T ep M ajiH O M  j^ o m o m  H H je j e  n a K  H 3 jjH 3 a ib e  

i i o c j i e j i n n a  i i a p n n j a j r r i o i  c T a n a i b a  itS H a jt 3 0 H e  c y 6 jry K H ir jc .
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PETROLOGY OF TRIASSIC VOLCANIC ROCKS 
OF SOKO GRAD (WESTERN SERBIA)

by

A na Ž a k n ić ',  D an ica  S re ć k o v ić ”1 and  V e l i m i r  Jo v an o v ić

Mineralogical-petrographical and petrochemical features of Triassic volcanic rocks exposed near the 
Soko Grad (Westem Serbia) are presented in this paper. The use of tectonomagmatic discrimination dia- 
grams, and comparation of analyzed rocks vvith corresponded Triassic volcanites from the neighbouring lo- 
calities enabled the possible expianation of their geotectonic emplacement and their origin.

Kev vvords: porphyrites, calc—alkaline character, submarine origin, subduction reiated, Triassic.

INTRODUCTION

Volcanic rocks of Triassic age were noted in a few localities in Westem Serbia. 
Even their exposures are not of great extent, their importance is evident.

Triassic volcanic rocks of Soko Grad (near Ljubovija), whose petrology is given in 
thic paper. are part of the 15 km long, and nearly 1-1,5 km wide zone, that extends from 
Rujevac (542) on a NW. to Gomja Ljubovidja, on a SE.

Field researches, done in October 1994.. were financialy supported by Serbian Academy 
of Sciences and Arts (Fond l'or Scienlific Researches). The major elements content were analy- 
zed in Laboratory of Petrology, Faculty of Mining and Geology (Belgrade), vvhile with trace 
elements data provided us dr Marchenko. from IGEM (Moscow).

LITERATURE DATA

The first data about volcanic rocks in this area were reported by Žu jov ić  (1893). 
C v i j i ć  (1924) gave an insight in orography of the Podrinje region. and identified the di- 
naridic extension of folds.

Important work on complex geology of the Podrinje region, as well as of the further 
area in Westem Serbia, was conducted by Sim ić  (1933-1957). His studies included de-

’ Faculty of Geography, Studentski trg 3/III, Belgrade. 
Faculty of Mining and Geology, Djušina 7, Belgrade.



termination of fauna associstions in Paleozoik rocks from “Jadar” seria. tectonic frame- 
vvork of Podrinje Mountains as well as stratigraphic position of “diabase-chert formation” . 
ln 1957. he elaborated metallogeny of this area.

During the elaboration of the Geologic Base Map, sheet “Ljubovija” , Kubat  et al . ,  
(1968) determined Triassic volcanic rocks as “labradorite andesites” .

The data reported by M o js i l o v i ć  and A v ra m o v ić  (1962/63) should be emphasized 
among the recent ones, when the presence of porphyrites and quarlz-porptiyrites, as well as the 
presence of their volcanoclastites-volcanic breccias and tuffs as the prevailing rocks in in- 
vestigated localities, vvere identified.

Triassic volcanic rocks, northem of the Drina-Ivanjica crystalline were studied in 
detail by K n e žev ić  et al . .  (1978).They gave petrological and chemical features for all 
volcanic and volcanoclastic rocks exposed in this area, and incorporated them into a Tri- 
assic volcano-sedimentary fomiation (“porphyrite-chert formation”), attributed for the 
limestone-dolomitic belt of the Middle Triassic age. This formation is, conceming their 
opinion. genetically related for the breaking of Dinaridic plate, that started in the Middle 
Triassic. They also implied on the mainly intermediate character of volcanism, and noted 
porphyrites, quartz-keratophyres. as well as some more basic members, as less frequent.

Present studies. including detail petrochemical analyses by use the trace elements ra- 
tios. were done by K ne žev ić  et a l . ,  (1987/89), Jo v a n o v ić  (1994) and J o v an o v ić  
and M rd ja  (1994/95). These authors applied the calco-alkaline character of Triassic 
volcanic rocks for the influence of a deep-seated subductional system below the breaking 
zone in the continental crust, that caused changing of magma character.

OUTLINE OF THE GEOLOGY

The oldest rocks in this area, accorđing to Kuba t  et al.  (1968), are of Paleozoic 
age. and of "Jadar” type of development. They are represented with Lower Carboniferous 
clastic products. and vvith Middle Carboniferous, carbonate rocks, discordantly overlined 
vvith sandstones, shales and limestones (Middle Permian in age), and with black bitumi- 
nous limestones, Upper Permian in age.

Aecording to the autors, mentioned above, Lower Triassic sediments, carbonaceous 
and clastic products. lie concordantly on the Upper I’ermian.

Middle Triassic products are vvell exposeđ and widespread in this area. Excluding rocks of the 
Ladinian volcano-sedimentary fomiation, tliey are carbonaceous, mainly sliallow vvater sediments.

Volcanic rocks. clastites and cherts of “diabase-chert fomiation” are products of Ju- 
rassic age. Quartemary products are just partly cemented calcaraceous breccias, and due 
to its origin connected for vveathering or erosion, exposed on the south-westem slopes of 
mountan ridges. toward the Gračanica river.

DISCUSSION

Triassic volcanic rocks of Soko Grad are part of the 15 km long, and 1-1.5 km 
wide zone. that extends from Rujevac (542) to the Gomja Ljubovidja in a NW -SE direc- 
tion. According to the authors of the Geologic Base Map. these rocks of Triassic age are



accompanied vvith their tuffs and correspond to “labradorite andesites” , while according to 
some newer opinions they correspond to porphyrites and to quartzkeratophyres and keratophy- 
res, as less frequent.

Triassic volcanic rocks of Soko Grad occur within the Middle Triassic carbonaceous 
sediments in a fomi of flows. They are overlined by limestones interlayered vvith red 
cherts, vvhile their underlying unit consists of thin-platy limestones.

Volcanic rocks, according to their mineralogical-petrographical and chemical proper- 
ties correspond to porphyrites. They are of green, sometimes of dark red colour. massive 
to amygdaloidal texture, often penetrated by numerous calcite or quartz viens, locally 
crushed. Extremely rare pillow-lavas, up to 20 cm in diameter, could be noticed some- 
vvhere. Rock colour depends of the alteration grade, caused by the surface solutions 
(limonitisation of iron-bearing minerals), or could be applied to various levels of consoli- 
dation (in a shallow-water ferrous oxides converted into ferric-ones).

These rocks are of typical porphyritic texture, with obviously zoned plagioclase 
grains or relics of coloured minerals as phenocrysts. dispersed among hypocrystalline 
ground mass. Relics of coloured minerals (monoclinic pyroxenes and amphyboles) are 
sometimes almost completely replaced. Besides those main constituents, rock is composed 
of chlorite, epidote. quartz and metallic minerals also.

Plagioclase occur as phenocrysts, as well as microlites in a ground mass. It’s phenocrysts 
appear as idiomorphic to hypidiomorphic grains. often of platy or of prismatic habitus, obvi- 
ously zoned. thus of intemiediate character. Optical measurements support this interpretation 
with up to 40-50 % of anorthite component, corresponding it to andesine. Polysynthetic twins 
among phenocrysts ara rare. This mineral is often intensively transformed into sericite, clay mi- 
nerals or calcite. Some grains are penetrated by irregularly crossed veins, or by smaller ag- 
gregates of very fme-grained calcite. Zoned plagioclase grains are altered to a greater extent in 
it's central part (mainly into prehnite), and intensity of transformation gradually decreases from 
core to rim. Chlorite and epidote could be present too, as the products of alteration. Smaller 
grains of metallic minerals, commonly ilmenite, obviously transformed to leukoxene are enclo- 
sed by plagioclase grains, or they occur as irregular aggregates.

Large relics of coloured minerals could be noticed between plagioclase phenocrysts. 
It is often monoclinic pyroxene-augite, of very high interference colours, or amphyboles 
often with opacite rim. Coloured minerals are intensively replaced by chlorite, or by 
calcite and epidote aggregates.

Presence of better preserved grains enable the determination of coloured minerals, 
while in the intensively altered grains only their morphology imply on the presence of 
ampfiboles. Much smaller, frequently hypidiomorphic grains of coloured minerals, inten- 
sively replaced by chlorite, also were noted.

Chlorite occur as a result of alteration, when it’s mainly fibrous aggregates, accom- 
panied with calcite and epidote are of light-green colour, or as a constituent of a 
ground-mass, when it builds smaller aggregates or splits of visible pleochroism and 
usually with interference colours.

Calcite occurs as veins, or as smaller “island-shape” aggregates around veins. High 
presence of calcite imply that a part of it were probably brought by postmagmatic fluids,



after a consolidation, but undoubtly part of it were developed trough the alteration of 
primary minerals. The other genetic type were noted over a plagioclase grains, as a small 
aggregates, or penetrating plagioclase grains, when their grey interference colours could 
be difficult recognized. The intensity of alteration within the same mineral grain decreases 
continuously from core to rim.

Quartz is extremely rare, occuring as a dispersed grains, often poikilitic enclosed in 
plagioclase. It is also noted as fillings in a very rare empty spaces between the smaller 
grains of coloured minerals (as interstices). In a majority of samples is it’s presence ne- 
glected. Due to increasing it’s content (as within rocks of some other localites in a 
neighbourhood areas), porphyrites progressively grade into quartzporphyrites.

Metalic minerals oceur mainly as small grains irregulary penetreting ground mass, or 
disseminated among it. Common is ilmenite, and it’s transformation to leukoxene. Smaller 
aggregates and intensively sheared forms, mainly transformed to leukoxene. are occasi- 
onally noticed over the phenocrysts of coloured minerals.

Ground mass is hypocrystalline, with plagioclase microlites as the most abundant. 
Lamellar twins are often, thus they are more acidic than it’s zoned phenocrysts. Less 
abundant are chlorite. epidote and calcite. Sometimes phenocrysts are suspended in a pilo- 
taxitic ground mass.

Comparation of their chemical properties with a literature data. with the exception of 
some small variations (Si range between 1 and 4 %, while total Fe vary up to 3 %), in- 
vestigated rocks are of intermediate affinity (V inog radov,  1962). According to their 
chemism. porphyrites of Soko Grad are in a good agreement with the otlier volcanic 
rocks from tlie Podrinje area, and Westem Serbia (Jovanov ić  and M rd ja ,  1995; 
Kn ežev ić  et a l . ,  1978).

Similar situation is with some other literature data, for example betvveen investigateđ 
porphyrites and Triassic andesite of Dinarides (Pamić ,  1982).

Higher content of K20 ,  noted in some specimens (especially in that signed as Ž ^ 2 )  
could be explained, as it has been explained within volcanic rocks of Tronoša 
(Jovanović  and M rd ja .  1995) by later K-metasomatic proccesses.

Aecording to the diagram given by Le M ai t r e  (1989), pressented on a fig. 5, these 
rocks correspond mostly to andesites.

Diagram K20  versus S i0 2 (Le M a i t r e ,  1989). presented on a fig. 6, applied investi- 
gated rocks as middle to liigh potassium andesites (excluding samples Ž-41 and Ž-42, that are 
in field of high to middle potassium đacites and rhyolites, due to high S i02 content).

On a diagram given by I r v in e  and B a r a g a r  (1971), presented on a fig. 7, analy- 
zed volcanic rocks are of calcoalkaline seria.

Incorporation tlie literature data (V inogradov ,  1962) with the data obtained froni 
porphyrites, lower Ba content (than it used to be in rocks of intermediate character) is 
evident. This could be explained by high mobility of Ba, or by weakly preservation 
(fresliness) of investigated rocks.

Comparation of investigated porphyrites with Triassic volcanic rocks of Dinarides 
(Pamić ,  1982). also pointed on a large-scale of Ba content, while contents of the other 
trace elements, for example Zr, V and Sr, are very elose, almost equal.



It must be emphasized that the enrichment of Ba is already noted within the rocks 
of volcano-sedimentary formation in Westem Serbia, and could reach sometimes com- 
mercially important concentration. as in a knovvn barite deposits (Bobija. K nežev ić  el 
a l . .  1987, J o v a n o v ić ,  1994).

The other analyzed trace elements are in a good agreement with the alredy knovvn data.
The chemical composition of volcanic rocks of Soko Grad and of some other locali- 

tes in the Podrinje region. appears to be frequently similar.
According to data presented on the following diagrams (S i02-Zr/Ti, on a ftg. 8. and 

Zr/T i02-Nb/Y, on a fig. 9, given by W i n c h e s t e r  and F lo y d ,  1977), investigated iocks 
correspond to andesites. Name "porphyrite” we use due to to its submarine origin.

Studies carried out with the ratio of some characteristic elements, presented on a 
tectonomagmatic discrimination diagrams, provided informations for better determination 
chemical affinity and geotectonic conditions during generation of Triassic volcanic rocks 
of Soko Grad. Following it. diagrams given by Pea r ce  and Cann (1973). presented on 
a lig. 10. define these rocks as a calcoalkaline basalts, i.e. rocks of volcanic arcs.

According to diagram based on the main elements ratio (Pearce et a l „  1977, fig. 
11), these rocks could be deftned as the orogeny volcanic rocks, while on the diagram 
Zr/Y versus Zr (Pea rce  and Can n ,  1979; fig. 12), most of the data are in a WPT field 
(within plate basalts).

The diagram Nbx2-Zr/4-Y (M eshede.  1986; ftg. 13), with the all data in a field 
"C”. correspond these rocks as volcanic arc basalts and within plate basalts.

Their position on tectonomagmatic discrimination diagrams reflect on their transitio- 
nal characteristics between volcanic arc volcanites and plate volcanites. Conceming the al- 
ready known literature data (Knežević  et a l . ,  1978), about the possible relation be- 
tween these rocks and rift zone, it could be accepted the inlluence of a subducted crust in 
their generation, as well as for their calcoalkaline character.

Uplifting trough the thick continental crust produces firstly acidic products, due to 
significant contamination. High content of gases and overheated water vapour vvithin 
magma, caused the explosive eruptions, with a lot of pyroclastic materials, what is in a 
good agrement with the great distribution of volcanoclastic rocks in this area.

CONCLUSION

Triassic volcanic rocks of Soko Grad (Westem Serbia) occur as sills vvithin the 
Middle Triassic carbonaceous and siliceous-carbonaceous seria.

According to their mineralogical-petrographical and chemical properties. they corre- 
spond to porphyrites. They are of green, or of dark-red colour, with massive or amyg- 
daloidal structure, and mainly of hypocrystalline porphyritic texture. Their origin is sub- 
marine, thus they appear sometimes as pillow-lavas

They are composed of intermediate plagioclase and relics of coloured minerals 
(amphiboles and monoclinic pyroxene), and of chlorite, epidote, calcite, metallic minerals 
and quartz, as less abundant . Metallic minerals (commonly ilmenite, partly or completely 
transformed to leukoxene, and less frequently magnetite), could be present in a higher 
concentration.



According to thcir chemism, these rocks correspond to those of intemiediate affinity, while the 
used diagrams conlined them as middle to liigh-potassium andesites of calcoalkaline type.

Their position on tectonomagmatic discrimination diagrams produces direct evidence 
on their transitional characteristics between volcanic arc volcanites and plate volcanites. 
connected to the rift zones.

It is therefore possible to deduce (taking in consideration geotectonic situation during 
their development) that they are prođucts of volcanic activity related with the breaking of 
continental crust, caused by a thermal doma, whose rising were the consequence of the 
partial melting within a subduction zone.

Translated by D. Srećković
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