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MHHI PA. lOrHJA nOBPHIHHCKOr I’ACITA/lAIhA 
rPAHHTOH^A HEPA

off

B n^o jK a JoBHha*, BecHe MaTOBHh* h CTeBaHa TD^pnha

y  p a n y  c y  n p H K a 3 a H H  p e 3 y jiT a T H  jje T a J B H o r  M H n e p a J io a iK o r  n p o y i a B a F b a  K o p e  p a c n a a a H .a  H a  rp aH H T O H - 
flH M a t [ e p a  h  3 e M J tH u r r a  H a  H>HMa. H c n H T H B a H a  c y  T p H  npo< J)H Jia  n o B p iH H H C K o r p a c n a j a f t a :  M O H q o rp a H H T a  

J l n n o B e  BO Re h  M p r n n h a  rpo6a h  rp aH O A H o p H T a  B p a T a H K o r  B e H i(a  ( C T p a » < a H H u a ) .  M H H e p a jiH H  c a c r a B  t j ih h o -  

b h t h x  ( j} p a K q n ja  (B epM H K yjiH T , X JiopH T , h j ih t  H K aoJiH H H T) B e o M a  j e  c j i m a n  y  n p o y q a B a H H M  3eM JbH U iT H M a H 
MO>Ke c e  o6jacHHTH c j h p i h h m  c a c ra B O M  MaTH>iHHX c r e H a  h  CJIH’IHHM KJiHMaTCKHM ycjiO B H M a p a c n a n a i f a a .  ^ H C K y - 

TO BaH C c y  c e K B e H a e  n o B p u iH H C K o r p a c n a j i a H .a  rjiaB H H X  c t c h c k h x  M H H e p aJ ia .

K jbvimc p e m ' M H H e p a J io rn ja ,  n o B p u iH H C K o  pacnajiaH>e, M o i i n o ip a n n T ,  r p a i io i iH o p H T ,  BepMHKyjiHT, xjiopHT,
HJIHT, KaOJIHHHT, E l|ep .

YBO/I

rp aH H T O H jjH H  M acH B  I J e p a  H a jia 3 H  c e  y  H H 3y T e p n n ja p n H X  r p a n H rro H flH iix  M acH B a 

jv> K H or o 6 o j ( a  n a H O H C K o r  6 a c e n a  K ojH  H a HCTOKy n o ’m i h e  c a  B y K y jb O M , n a  c e  n p e K O  

U e p a  i i a c r a B J h a  K a  3 a n a j^ y  (M o T a jH H ,a , I l p o c a p a  h  M o c j ia B a ^ K a  r o p a ) .  H e p c K H  M acH B 

c a c T o j n  c e  o ^  f\ivd  n p o c T O p H O  o j iB o je n a  T e j ia .  B e h e  T e J io  j e c T e  n jiy T O H  D ,e p a  K o ja  HM a 

o 6 j i h k  H e n p a B H J iH o r  coH H B a H 3 ^ y » c e H o r  y  n p a B i;y  H - 3  h  y K y n H e  n o B p n iH H e  o k o  6 0  k m 2. 

3 p y r o ,  M a i t e  T e j io  j e c T e  rp a n o j iH o p H T  O rpa>K aH H U ,e K o jn  H M a o 6 j i h k  H 3jiy>K eH oi' coH H B a 

n p a B ii;a  n p y a c a H > a  C C 3 - J J H  h  3ay3HMa n o B p u iH H y  o k o  7  k m 2 ( c j i .  1 ) .

B e h H H a  p a H H jn x  H ciiH TH B an>a rp aH H T O H fla  U ,e p a  o ^ n o c i u i a  c e  H a  M H H e p a J io m K O - 

- n e T p o i p a c ^ c K e  K ap aK T epH C T H K e ( K n e ž e v i ć ,  1 9 5 9 /6 0 ;  M a r k o v  i  M i h a i l o v i ć - V l a -  

j i ć ,  1 9 6 9 ;  D i v l j a n  i  d r . ,  1 9 7 8 ) ,  p a c n o n e n y  U ,  T h  h  K  y  rp a iiH T O H jjH M a I J e p a  ( O m a l j e v ,  

1 9 8 1 ) ,  K a o  h  H a  V T B p ijH B aib e  c T a p o c T H  i j e p c K o r  M acH B a ( K a r a m a t a  i  d r . ,  1 9 9 1 ) .  K n e -  

ž e v i đ  i  d r .  ( 1 9 9 2 )  3aK JbyH H JiH  c y  j^a j e  n e p c K H  iu iy T O H  K 0 iiC 0 J iH j(0 B a ii y  B ehH M  ;jy 6 H - 

H aM a n p e  3 0  MHJiHOHa r o i m n a  h  jra  M a rM a , K o ja  j e  j j a j i a  T e  CTeHe, i i o t h h c  o j i  p a c T o n a  

(J)o p M H p aH H x  y  i’opiheM 0 M 0 T a 'iy  h  KOHTaMHHHpaHHX M a T e p n ja j io M  H3 Kope.

* PyjiapcKO~reojiomKH (j)aKyjiTeT yHHBep3HTeTa y B eorpajiy , ’ByuiHHa 7, B eorpan.
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IIo B p m H H C K O  p a c n a f la H > e  rp a H H T a  j e  B eoM a m h o t o  r i p o v 'i a B a n o  y cB eT y (C o llie r, 
1961; H a rriss  & A dam s, 1966; R ice , 1973; T ardy  et al., 1973; M urray , 1978;

JIEi'EHAA (LEGEND)

[ Q  1  K p ap T ap  (Q uatem ar» ) | 9T  | An.iHTOHHHH rpaHHTH

P1 I IIjTHOneH (Pliocene)

M I Mi-ioijeH (Miocene)

K 0 HTaKTH0 -MeTaM0 p(})He creHe 
(Contact-metamorphic rocks)

AnjiHTCKe >KHHe 
(AppJitic veinš)

5y I FpaHO^HopHTH (Grai]fxiiofjl.e)

I KBapî MOHî OHHTH (Quartzmonconite)

P__I llepM  (Permian)

rjeB O H -K apSoH  J a jia p c K e  cJ)ai^Hje
D,C (Devonian-C'arbonian Jadar Facies)

A  JIoKai^ija npocjMJia 
(Location of section)

Cji. 1. reojioniKa CKima rpaHHTOHflHor MacHBa I^epa (KHeaceBHh, 1959/60).
1. npo^HJi JlnnoBa BOjia; 2. npocJ)HJi Mpmnha rpo6; 3. npoc{)HJi BpaTaHKH BeHaii (Crpa^KaHHiia). 

Fig. 1. Geologic sketch of the Cer granitoid massif (K n e ž e v ić ,  1959/60).
1. Lipova Voda section; 2. Mršića Grob section; 3. Vratački Venac section (Stražanica).

C h esw o rth , 1979; M eu n ier & V elde , 1979; Law et al., 1991; A o u d jit et al., 
1991). Kop; H ac c e  p a c n a f la i te M  rpaHHTa SaBHJia caMO N ik o lić  (1961,1978), npoyH H B iiiH  
K o p e  p a c n a j ia ih a  y HeKHM rpanHTOHflHHM MacHBHMa CpGnje (IJep, ByKyjba, B e c H a  
KoGnjia, H e p ec H H i^ a , Py;(iia F jia B a , T a i i f la ) .  Kopa p a c n a f la m a  Ha IJepv HCHHTHBaHa je Ha
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je /a io M  u p o c{ iH jiy  r ^ e  HM a j j e 6 j b m i y  o k o  2 5 0  c m , a  H 3 r p a i ) e n a  j e  o a  K ao jiH H H T a, H JiH Ta h  
x a j io j3 H T a .

Jo v ić  i d r .  ( 1 9 9 3 )  ođjaBHJiH c y  n p B e  p e 3 y j iT a T e  M H HepajiouiK HX i ip o y Tiai>,an,a 
3eM JL nm rr a  Ha j paHHTOH,r(HMa H e p a .

Y3 0 PIXH H MET0 3 E

I I p o y TiaB afi> e  n o B p m H H C K o r p a c n a jT a ih a  rpaH H TO H jja 3acH H B ajio  c e  H a a H a jiH 3 H p a ity  
V 3 o p aK a  c b c > k h x  h  p a s j i i r a r r o  p a c i ia j iH y -r n x  c T e n a ,  K a o  h  s c M J B in i r r a  H a c T a j in x  o j j  h>hx. 

y 3opiiH 3eM JbH m Ta (M ace  2 - 3  kg) ocymeriH c y  n a  B a3jiyxy  h  0jicTpaH>eH0 je K o p e tb e ,  a 

3aTHM je  MCTOjjOM 'ie 'i 'B p T an « ! ir ijfB o je n o  o k o  0 .5  kg se M Jb iim 'ra  3 a  aH ajiH 3e. P asJ iH H H T e  

cjD paK i^nje 3 e M J tH m T a  H3j(BajaHe cy m o k p h m  n p o c e ja B a ib e M  ( 2 0 0 0 - 2 5 0  f u n ,  2 5 0 - 1 0 0  ^ m ,  

1 0 0 - 5 0  ^im ) h  fleKaHTaii;HjoM ( 5 0 - 2 0  f im , 2 0 - 2  fom h  < 2  |a m ) . M n iie p a jiH H  c a c T a B  CBe5Kiix 

h  M aJio npoMeH>eHHX C T e n a  o j jp e p e n  j e  o i r n i TiKHM HciiHTHiiaH>HM a, a  HHTeH3HBHO n p o M e - 
HbeHHX C T eH a h  3eMJi>iiFirra -  peH nreH C K H M  nciiH T H B aitH M a. 3 a  j io 6 n ja u > e  p e i i j i re n c K H X  

j jn ja i  p a M a  n p a x a  K o p H m h eH  je juicfipaK TO M e'rap Philips -rm i  PW 1 7 1 0  (6aKapHa aHTHKa- 
•ro jia ). M n H e p a jiH  rjiH H a oj(pe{)HBaHB c y  m c to j jo m  op H je irrH caiiH X  n p e n a p a T a  Kojn c y  

3aTHM T p eT H p aH H  rjiHii;epHHOM h  3 a rp eB aH H  n a  4 5 0  °C .

PE3YJITATH

npo{J)HJi JInnoBa Bojia

IIpocJiH Ji n o B p iH H H C K o r p a c n a j^ a iL a  M OHu;orpaHHTa J lm io B e  n o jie  HaJia3H c e  Ha n a jj-  

M o p c K o j b h c h h h  oj( 6 5 0  m . I Ip o 4 ) H J i  j e  OTKpHBeH H a jiy>KHHH o j i  i ip h 6 j ih > k i io  2 5  m , a  HMa 

BHCHHy o ji  o k o  1 0  m  ( c j i .  2 , 1 ) .  I Ip e M a  C TeneH y p a c n a j ia n ,a  H3jiB o je iie  c y  H e 'rn p ii 3 0 He:

I I p B y ,  iiajiiH JK V  30Hy ( j ie 6 ji> n iie  3  m ) n p e j ic 'r a B J L a  CBe* MoimorpaHH'r CHBe 6 o j e ,  

MacHBHor H3rJiej(a h c p e j i i t O 'i p n a c T e  CTpyKType. H s r p a ^ e n  j e  oj( c j i e j ( e h n x  6 h t h h x  m h -  

HepaJia: KBapiia, o p T O K Jia c a  ( - 2 V  =  6 4 - 7 0 ° ) ,  an jiesnna  ( 4 3 - 4 8  % a H ) ,  6 n o T H T a  h  xopn- 
Gjichjic. O jj ccK y iijjap H H X  M H iie p a J ia  3acTynibeHH cy xjiopHT h Jiey K O K ceH , a oj( cno- 
p e j(H iix  -  anaTHT, iiH p K o ii, c c j ie n  h opTHT. OpTOKJiac j e  yraaBHOM CBe>K h  caMO peTKO ce 
npHMehyje c jia6a c e p n m n ’iisanHja. IIjiarHOKJiac je  Heii3Meii>eii, a 6h otht  h xopii6)Jieiijia 
MeCTHMHHHO Cy n o  o 6 o j iy  XJIOpHTHCaHH.

J I p y r a  30Ha j e  chbo—)KyTH p a c i i a j n i v 'r a  M O H iio rp a iiH 'r  ' i n j a  j e  j ( e 6 j i> m ia  oko 5  m . 

CTeHa j e  Tpoim ia, j(e3HHTerpHcaHa y  KOMajie B C JiH H iiiie ji,o 3  x  5  c m . PeHnreHCKOM 
jlhcj ip a kiiH|oM y T B p i)e iio  je  jia cy, nopeji KBapu;a, c j ie j i j i c n a 'r a  h aMc{Dii6oJia, 3ac'iyiui>eHH 
jo m  H XJIOpHT, KaOJIHHHT H HHTepCTpaTHC^HKOBaHH 6HOTHT-BepMHKyjIHT.

Tpehy 3 0 Hy h h i i h  >Kyrr n  rp y cH p aH H  MOHHoi p a ii i iT  (B e jm m m a  K O M aj(a n a jH e m h e  1x3 
c m )  K o jn  HMa cjiiiHaii cacTaB K ao h npeTXOJina 3 0 H a . P a 3JiHKa c e  j e j i im o  HcnoJbaBa y  n o -  
jaB H  HJiHTa h  noB ehaH O M  ynemhy BepM HKyjiHTa y nH TepcT pa'n icjjH K O B aiioM  6 n o T H T -B e p - 
MHKyjIHTy.

^ leT B p T a  3 0 Ha je c T e  3 eM Ji> n iirre  HacTajio p a c n a j i a i t e M  M om i;orpaH H T a, j(e 6 ji>m ie 7 0  

c m . O h o  npH naji;a  r a n y  C M e ^ e r  K H c e j io r  3 e M Jb H m T a  h  H M a p a 3BHjeHe A , A C  h  C  x o p n -  

3 0 H T e . JI^oibH , A C —x o p H 3 0 H T  HMa j i e 6 jb i i i iy  o ji  5 5  c m  h  ca;ip>K H  C K e iie T  > K y ro -C M eJ)C  6 o je
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(BeJiHHHHe KOMa^a jjo 0.5 x 1.5 em), npeflCTaBJbeii 3pHHMa KBapija, ćjjejijjcnaTa h cfjpar- 
MeHTHMa cT eH e. S e M J i^ n m re  y  noBpmHHCKOM jje j iy  npocjDHJia (A -X 0 pH 3 0 HT, 0-15 c m )  

caj(p>KH Man>e C K ejieT a (nejiHMHHe jjo 0.7 x 1 c m ). IIpeMa rp a H y ji0 M eTpHjcK0 M cacTaBy 
o B a  a e M Jb H iin a  M o ry  c e  yBpcTHTH y  K pynH 0 n e cK 0 BHTy HJioBany (0-15 c m ) ,  ojjiiocho 
HJiOBany (15-70 c m ).
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3.0 m
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0.35 m 
0.20 m
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Cji. 2. IIpo<J)HJiH n o B p u iH H C K o r pacnanaita rpaHHTOHna L(epa.
1. JlnnoBa Bosa; 2. MpuiHha rpo6; 3. BpaTaHKH BeHau (CTpaacaHHiia).

Fig .,2 . Section through weathering of granitoid rocks of Cer.
1. Lipova Voda; 2. Mršića Grob; 3. Vratački Venac (Stražanica).

M H H e p a jiH H  cacTaB seMjnnmTa H a KOHTaKTy ca pacnajjnyTHM M o ii i jo r p a i iH rro M  n p o -  

ynaBaH j e  noMohy peiijjreHCKe jjHcjjpaKijnje. y  H ajK p y n H H jo j cjjpaKijnjH (2000-250 (i.m) 

M H H epajiH H  cacTaB j e  cjienehn: KBapn, c jje jij ic iia T H , aMcjničoji, hjiht, xJiopHT h B epM H - 

KyjiHT-6HOTHT. y  cjipaKijHjH 50-20 |j.m npeoBJia{jyje KBapn, K ao iiajoTiiopiinjH MHHepaji 
Ha pacnajjaine, a  nojaBJtyjy ce j o m  cj^ejijjcnaTH, pejiHKTH aM(})H6ojia, hjiht, xjiopHT, 
BepMHKyJiHT h KaojiHHHT. y  c jjp a K ijH jn  ch th o t n p a x a  (20-2 |xm ) h j ja jb e  je HajBHine 
3acTynjteH KBapn;, a C M aib en a  j e  KOJiHHiiiia c jie j i j jc n a T a . M H H e p a J iH  rjiHHa cy B H iu e  

3aCTynJbeH H: BepMHKyJIHT, XJIOpHT, HJIHT H KaOJIHHHT. r JIHHOBHTa cjopaKIJHja 3 eM JH H IIITa 

(<2 (om) /(ei'ajinio je npoy'ieiia cTaimapjjiiHM nocTynKOM. M e l> y  tjihhobhthm  MHHepa-

0.30 m

0.30 m 
0'.30m 
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0.60 m 

0.10 m

1.30 m

1.0 m 

0.80 m
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jiHMa npeoBJial)yje BepMHKyjiHT (pecJjjieKCHja Ha 1.4 nm Koja ce nocJie acapeita noMe- 
pHJia Ha 1.08 nm), jjok cy k3ojihhht, h jih t h Hapo'iHTo xjiopHT noflpeljeHH (cji. 3).

I—  ------------------------------------------------------------------------------------------------------------------ 1--------- <—---------------r-
3 5 10 15

Cji. 3. J^Ht|)paKTorpaM rjiHHOBHTe (JjpaKiiHje 3eMJbHiirra (15-70 cm) Ha MoiiqorpaHHTy JlnnoBe Bojje.
N - HeTpeTHpaH; G1 -  3acnheH rjiHî epHHOM; 450 °C -  >KapeH; d-BpejjHOCTH y nra,

Fig. 3. Diffractogram of soil clay fraction (15-70 cm) over monzogranite at Lipova Voda.
N -  Untreated; G1 -  Glycerine saturated; 450 °C -  heating; d -  values in nm.

SeMJLHurre ca /iy6inie 0-15 c m  noKa3yje cjiHTian MHHepajiHH cacTaB y necK O B H TO j h  

npauiKacToj r}jpaKitHjn. KBapn; h  (J)ejiflcnaTH npeoBJial)yjy, /toK cy aM(J)H6oJiH Man>e 3ac- 
rryiiJbeHH Hero y /iy6jbeM jjejiy 3eMJbHHiHor npoc|)HJia. J c j i h i i o  ce BepMHKyjiHT nojaBJbyje 
y siia 'iajnoj k o j i h h h h h  jorn y necK O B H TO j cj)paKii,njH. PjiHHOBHTa c[)paKmija 3eMJbHiHTa 
CaflpiHH H ajB H H ie BepMHKyJIHTa, JtOK cy XJIOpHT, KaOJIHHHT H HJIHT Maibe 3aCTyHJbeHH. 
riojaBJbyje ce jou i h  MaJia KOJiiraHiia CMeKTHTa Kojn BepoBaTHO npejjCTaBJba npo/jyKT 
TpanccjjopManHje BepMHKyjiHTa (c ji . 4).

npocjiHJi Mpumha rpo6a

K opa pacna/jaiba KOHCTaTOBaHa je Ha MOHii;orpaHHTy MpniHha rp o 6 a  Ha HajjMop- 
cKoj bhchhh ofl 370 m. Ilpocjjiur je  oTKpHBeH Ha /ty>KniiH oko 50 m  h r a a  BHCHHy o/t 4 m. 
IIpeM a cTeneHy p acn a jtaaa  H3/jB0jeH0 je cejjaM 30Ha (cji. 2 ,2 ).

IIpBa 30Ha je  CBesc MonnorpaiiHT (jje6jbHiie npeKO 3 m), CBeTJiocHBe 6oje, MacHB- 
H o r  Hsrjiejja, cpejjibospiiac're CTpyKType, a Hsrpal^eii je  oj( KBapn;a, njiarHOKJiaca, Kajinj- 
CKor cjjejijjcnaTa (opTOKJiaca h MHKpoKJiHHa), MycKOBHTa h 6iioTHTa. Cnope^HH cacToj- 
h;h cy anaTHT h MarHeTHT, a Kao ceKynj/apiiH MHHepanH jaBJbajy ce eimjtoT h cepnii;HT 
(cepni^HTHcaHH c})ejijjcnaTH).

flpyry  30Hy npejjcTaBJba npoMeibeHH MOHH,orpaHHT (jje6wbHHe oko 0.5 m), chbo-  
->Kyrre 6oje, jjesHiiTerpncan y KOMa/je pasjiH 'iin’e BejiiiiHiie, HajTiemhe 3 x 5  cm. MHHe-
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p a jiH H  c a c T a B  je h c t h  Kao koj^ c b o k c t  M o n n o r p a i iH T a ,  a jeflHHO ce S h o t h t  jaiiJLa y 
jiHCKaMa CMeije 6oje Koja yKa3yje Ha H3BecHe noBpniHHCKe npoMeHe.

C ji. 4. /I,nc})paKTorpaM rjiHHOBHTe (JipaKunje aeMJbHLUTa (0-15 cm) Ha MOHL(orpaHHTy JlnnoBe Bojie.
0 3 HaKe HCTe Kao Ha cji. 3 .

Fig. 4 . Diffractogram  of soil clay fraction (0-15  cm) over monzogranite at Lipova Voda.
Symbols same as in Fig. 3.

3ejieHKacT0-MpKoacyTH rpycHcf>HiiHpaHii MOHii;orpaHHT, jjesHHTerpHcaii y KOMaĵ e 
BejiHHHHe H a jn e m h e  0.5 x 1.5 c m , npejjcTaB JJba T p e h y  30H y. M H H epajiH H  cacT aB  j e  cjih- 
n aH , a  cTeneH ajiTepannje j e  Behn.

H e T B p T a  3 0 H a  je M p K O -ac y T H  rp v c n c J jH ijH p a H H  M O im o rp a iiH T  ( j j e 6 j b i m e  1 .5 -2  m )  y 
H H jn  c a c T a B  y j i a 3e  K B a p n , H H TeiisH B H O  n p o M e ib e i iH  c}DejijjcnaTH, 6 h o t h t  h  n a r o M H J ia i t a  

F e - M H H e p a j ia .

IleTy h uiecTy 30Hy npej^CTaBJta pacTpecHTa Maca rpycHc{)HHHpaiior MouijorpaiiHTa 
(jie6jbHHe j jo  0.5 m) Koja je H3rpal)eHa ojj KBapija h n0TnyH0 ajiTepncaHHX ocTajiax 
MHHepajia.

CejjMa 30Ha je 3eMJbHurre j^e6jtnne 70 c m  ca pa3BHjeHHM A h AC xopH30HTHMa, a 
n p H i ia j j a  T H n y  c M e f)e  K H ce jio r  3eMJtHiiiTa. 3eMJtHuiTe H a KOH TaK Ty c a  p a c iia j j i iy T H M  

M O H i^orpaH H T O M  (AC2) HM a j(e6jbHiiy o j j  20 c m , C M elje  je 6oje h  c a f lp a c n  C K e jie T  o j j  
K B a p n a ,  c |) e j i j ( c i ia T a  h  M a n ,e  k o j i h h h i i c  c{ )p a rM e H a T a  C T eH e. M 3 iia j(  c e  H a jia 3 H  3 eM Jb H m T e
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(ACi) >Kyro-CMelpe 6oje, jiefijhHiic 35 c m , ca Man.e 3acTyiiJbeHHM cKejieTOM. SeMJLHiirre 
y  noB pm H H C K O M  ,u e jiy  n p o c f ) iu ia  H M a n e 6 ji> in iy  oji 15 cm (A -x o p H 3 0 H T ) h  cueTJiocMelje j e  

6 o j e .  CKejieTa h m ž  M a jio  h  iipejiCTaBJhen j e  3pH H M a K B apija .
M n H e p a j iH H  c a c T a B  s e M J h im r r a  j e  c j i e j j e h n :  K B a p ij, c} )e jijicn aT H , B epM H K yjiH T , 

x j io p H T , K aojiH H H T  H h j i h t .  F jiH H O B H Ta cf’p a K i in j a  se M JijH iiiT a  c a  j i y 6 m i e  50-70 cm 
cajjp>K H  B epM H K yjiH T , x jio p H T , h j i h t  h  K aojiH H H T . Y  3eM Jb H in T y  c a  j jy 6 H iie  15-50 cm 
c a c T a B  rjiH H O B H T e 4 >paKii;H je j e  c j n i ' i a n :  b e p m n ic y j ih t  j e  H a jB H m e  3acTynJbeH, n o B e h a n o  

j e  V 'i e m h e  K ao jiH H H T a, a  h j i h t  H 0 K a 3 y je  H e n r r o  B e h n  c rr e n e H  K p n c T a jiH H H T e T a . Y  
noB piiiH H C K O M  ji;e jiy  s c M J B i in m o r  n p o cJ iH Jia  ( j [y 6 i u i a  0-15 c m )  B epM H K yjiH T  h  j ^ a j t e  

n p e o B J i a ^ y j e ,  a jiH  c e  H a  o c n o B y  H3 i ’J ie j ia  p e c j> J ie K c n je  H a  o k o  1.4 n m  M o x e  3 aK Jty H H T H  j^a 

j e  B epM H K yjiH T  ,nejiH M H 'im o i ip o M e iB e i i  y  c j i a 6 o  H C K p n c T a jm c a j ie  c j ja s e  (n iH p o K e  

p e(|> JieK C H je y  n o j^ p y H jy  1.4 -  1.0 n m )  K o je  c e  n e  M o r y  H j(eirnic})H K O B aTH  6 e 3  jjo,u;arriiH X 

T p e T M a H a  h  o j i r o B a p a j y h n x  M CTOjja ( c j i .  5).

450‘

G1

N

r------------ ,-------------,------------ ,------------ ,------------ ,-------------, 20
3 5 10 15

C j i .  5. J];H c})paK T orpaM  rjm H O B H T e  (J ip a K ijH je  3 e M J b m ir r a  (0-15 cm) H a M O H iio rp a H H T y  Mprnnha r p o 6 a .

0 3 H a K e  HCTe K a o  H a c ji .  3.
Fig. 5. Diffractogram of soil clay fraction (0-15  cm) over monzogranite at Mršića Grob.

Symbols same as in Fig. 3.

IIpo«g)HJi B pn tH K R  Bdiai( ( t > p a>Kanniia)

r i p o 4 >HJi K o p e  p a c n a j j a i h a  rp a H O jjn o p H T a  B p a T a H K o r  B eH ii;a H a j ia 3 H c e  H a n a j jM o p -  

cKoj b h c h h h  ojj 260 m . O T K pH B eH  je H a jjy>KHHH oko 40 m  h  H M a BHCHHy oji 5 m . Ha 
npocj)HJiy c e  M o a c e  p a 3JiHKOBaTH c e jia M  3 0 H a ( c j i .  2/3).
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IIpBa 3 0 H a j e  c i s e *  rp a H O f lH o p ir r  (o T K p H B eH e jje6jbniie o k o  0.8 m ) , C B eT JiocH B e 

6 o j e ,  M acH B H e T e K C T y p e , c p e ^ f t o s p n a c T e  c T p y K T y p e  h  H s r p a f j e n  o ^  cjiej(ehHX 6 h t h h x  

M H H e p a jia : a i i f le s H i ia  (31% aH), KBapija, o p T O K Jia c a  (-2V  =  80-84°) h  6 n o T H T a . Cnope#- 
h h  M H H ep ajiH  c y  h ,h p k o h ,  anaraT  h  MariieTHT, a  c e K v iijja p H H  -  c i i h j j o t ,  x j i o p h t ,  c e p i i^ H T  

h  M H H ep an H  r j iH H a .

3 5 10 15

C ji . 6 . / jH c ^ p a K T o r p a M  rjiH H O B H T e (J ip a K iiH je  3eM JbH iH T a (0-30 c m )  Ha rpaH0RH0pHTy O r p a s c a H H u e  (B p a T a M K H

BeHaij). 03HaKe Kao Ha cn. 3.
Fig. 6. Diffractogram of soil clay fraction (0 -30  cm) over granodiorite at Stražanica (Vratački Venac).

Symbols same as in Fig. 3.

flp y ra  30Ha je  6cjih pacriajpiyTH rpaHOflHopiiT (jje6jbHiie oko 1 m), TpomaH, mTO 
yKa3yje Ha H H TeH 3H BH e npoijece 4>H3HHKor h xeMHjcKor pacnajiaiba KojHMa j e  6ho 
H3Jio>KeH. CacTaB je y ochobh hcth , Kao y npBoj 3ohh, a pa3JiHKe ce orjie/iajv y 3ac- 
TynibeHOCTH ceKynjjapiiHX MHHepajia. O ejiflcnara cy HHTeH3HBHHje cepHHHTHcaim, a CTe- 
neH rjiHHOBHTe ajiTepaijHje je  TaKoije B eh H . B h o th t je  BHine xjiopHTHcaH h oKciijiHcan 
y3 Behe H3jpjajaibe MarHeTirra.

Tpeha 30Ha je  6 ejiH  rpycHc}jHi^KpaHH rpanojiHopHT ( j je 6 jbH iie  o k o  1.3 m ) y  KOMe cy 
c[jejij(cnarrH n0TnyH0 ajrrepHcaiiH, a xjiopHTH3aijnja 6n o T H T a je  HHTeH3HBHHja Hero y 
Hpei^OJJHOj 30HH.
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H eT B p T a  30H a j e  M pKOnpBeiiH xopH 30H T  (n e6 jb H H e  o k o  0 .1  m )  iipeflC TaB JLeii n o T - 
nyHO TjesHHTei p n c a iin M  rpa iio jjn o p H T O M  y  h h jh  c acT aB  y j ia 3 e  HHTeH3HBHO npoM eii>eiiH  

(Jje jijjcnaT H , 6 h o t h t , K B apij h  F e -M H H epajiH .

l l e T a  3 0 H a  j e  m p k o * v t h  rpycH (j)H ijH paH H  rp a n o jiH o p H T  (jje 6 jb H iie  0 .6-1 .0  m), HHja 
6oja y K a 3 y je  Ha HHTeH3HBHHje p a c i ia j ja ib e .

IIIecTa 3 0H a j e  n o T n y H o  p a c iia jjn y T H  rp a n o jjH o p H T  (ije 6 jb H iie  o k o  0.3 m) H a k o h - 
TaK Ty c a  3 e M Jb H u rre M  K oj h n p e j jc T a B J b a  3 p H a c iy  p a cT p ec H T y  M a c y  H3 r p a l ) e H y  ojj K B a p ija  

h  n 0 T n y H 0  anTepH caH H X  c jje jijjc iiaT a  h  6noT H T a.
CejjMa 3 0H a je 3eM JbHUiTe, HacTajio noBpuiHHCKHM p a c iia j ja ib e M  rpaiiojjnopHTa, 

jje6jbnne 90 cm . Oho i ip n n a j ja  T iiriy  CMelje KHcejior 3eMJbHiHTa h HMa pa3B H jeH e A h A C  

x o pH 30H T e. H ajiiH>Ke seM JijH iirre  (A C 2) ,  jje6 jbH H e 30 c m , x y T O -C M e ^ e  je  6 o je  h ojjjih- 
K yje  c e  npHcycTBOM  3HaTHe KOJiii'iH iie c K e n e T a  koj'h c e  cacTojn yrjiaBHOM oji; n o je -  
jjHHa*iHHX 3pHa Kiiapija h (})CJijjcnaTa h M aib e  K O JiH 'rniie c|)pai Meiiarra cTeHa (jjHMeiisHja 
0.4 x  0.6 n o  1 x  1 c m ). ro p H ,H  j je o  A C -x o p H 3 0 H T a  ( jje 6 jb H iie  oko 30 c m )  CBeTJinje j e  6 o -  

je h cajjp)K H  Maibe cKejieTa (BejiHHHne 0.3 x  0.4 jjo 0.5 x  1 c m ). 3eMJbHniTe y  HajBHUieM 
j je j iy  iipocjiH Jia (A xopH 30H T ) j je 6 jb i in e  j e  oko 30 c m  h HMa CBeTJiy »cyT O -C M e^y  6 o jy . 
O c e j ie T a  HMa B eoM a M ajio , a  H p e jic raB Jb eH  je  3pHHMa KBapn;a ' i n j e  jjH M eH3iije He npe- 
Jia3e 0.2 x  0.4 cm . 3eMJbHurre A h A C , xopH 3 0 H T a o j j r o n a p a  npauiKacToj H JioB a'iH , a 
3eMJbHIHTe A C 2 X 0pH 30H Ta -  HJIOBa'IH.

3 eM Jb H u iT e  Ha KOHTaKTy c a  pacnaj(iiyT H M  rpaHojjHopirroM HMa c j ie j je h n  M HHepajiHH 
CaCTaB: KBapii;, ({jejIJJCriaTH, KaOJIHHHT, HJIHT, XJIOpHT H HIITCpCTpaTHCjjHKOBaHH BepMHKy- 

j i h t - 6 h o t h t .  Y  3eM JbH iuTy c a  jjy 6 H iie  3 0 - 6 0  c m  cacTaB j e  c j i i i 'ia n :  K B apij jjOMHHHpa n a jj  
cjieJIJJC IiaTH M a, XJIOpHT, BepMHKyjIHT, HJIHT H KaOJIHHHT. y  nOBpiIIHHCKOM jje j iy  3eM - 

jb H iu T a  (jjy 6 H iia  0 - 3 0  c m )  cacT aB  je  c jiH 'ia n , a  BepMHKyjiHT n p e o B J ia ^ y je  y  o jjH o cy  Ha
HJIHT H K30JIHHHT (CJI. 6 ) .

3HCKyCHJA H JAKJh^MAK

Hpoy'iaBaiiH rp a m rro H jjH  I^epa noKa3yjy c jiH 'iaH  MHHepajiHH cacTaB: KBapij, cJjcjijj- 
cnaTH (opTOKJiac h njiarHOKJiacn) h 6hotht, MOHii;orpaHHT JIhiiobc bojjc cajjp>KH jorn h 
xopH6jieH)D(y, a MoinjorpaiiHT M pm nha rpo6a yMecTO xopii6jienjje MycKOBHT. TaKaB 
MHHepajiHH cacTaB cTencKe nojjjiore ycji0B H 0 je  cTBapaibe cjihtiiihx ceKyHjjapiiHX npo- 
jjVKa'ra y Kopn pacnajjaiba h 3eMJbHiuTy. I lp n  noBpuiHHCKOM pacnajjaiby cjjejijjcna'ra Hac- 
TaJiH cy hjiht h  KaoJiHHHT, jjok je  jjeo HJiHTa TaKo^e HacTao h  pacnajjaibeM MycKOBHTa. 
y  HajmDKHM jjenoBHMa 3eMJbHiuHHX npocj)HJia 3acTynjbeH je  xjiopHT Kojn je HacjietjeH H3 
MaTHHHor MaTepnjajia, a y bhihhm jjejiOBHMa npocjjHJia xjiopHT je npojjyKT pacnajjaiba 
xopir6)JieHjje h BepoBaTHO jjejioM 6noTHTa. CeKBemja noBpuiHHCKor pacnajjaiba 6noTHTa 
Moace ce npejjcTaBHTH Ha cjiejjehn Ha'iHH:

6HOTHT - »  6H O T H T -B epM H K yjIH T  - »  B epM H K yJlH T -6H O T H T  ->• B epM H K yjIH T  CM eKTHT ?

^ ^ ^  ^
C B C * a  C T eH a C-X0pH30HT A C —X0pH30HT A C —X0pH30HT A-XOpH30HT

CjiHHHy ceKBeHH;y p a c n a j j a ib a  6 h o t h t 3  H3 6 H0 THTCK0 -a M c j)n 6 0 JicK0 r  rp aH H T a  o i ih -  

c a o  j e  W i l s o n  (1 9 7 0 ) .



348 B. JoBHh, B. MaTOBHh h  C. BypHh

I l p o ^ n a i i a n a  T pH  n p o c |)H J ia  n o B p iiiH H C K o r p a c n a n a H b a  i p a H H 'ro i i j ia  I l^ e p a  n o K a 3 a j i a  

c y  f la  c y  j iH T o n o m K H  h  KJiHMaTCKH c jja K 'jo p  o j j  H a jB e h e  B a a m o c T H  3 a  B p c T y  H OBOHac- 

TaJiHX n p o j iv K a 'r a .  M aKO c e  n p o c ^ H J ii i  H a j ia 3 e  n a  pasjiH H H T H M  iia jiM o p cK H M  B H c m ia M a , a  

C T eH e c y  c j iH 'i i i e  r e o j i o n i K e  C T a p o c r a ,  c jii i '- ia ii  M H H epajiH H  c a c T a B  rJiiiiioB H T H X  c f ip a K m ija  

3eM Ji)H iiiT a  MO>Ke c e  o 6 ja c iiH T H  c j i h 'i h h m  M H iiepaJiH H M  cacT aB O M  rp a n H 'j 'O H jja  K o jh  c y  c e  

p a c i i a j i a j r n  y  c j i h h h h m  KJiHMaTCKHM ycJioB H M a.
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MINERALQGY OF WEATHERING OF GRAMTOID ROCKS
OF MOUNT CER

by

V id o jk o  Jović* , V esna M atović* and S tev an  D jurić*

This work is presenting results of a detail mineralogical study of weathering granitoid rocks and the 
overlying soils o f Mount Cer. Three sections through the weathering crust were examined: monzogranite at 
Lipova Voda and Mršića Grob and granodiorite at Vratački Venac (Stražanica). Mineral compositions of 
clay fractions (vermiculite, chlorite, illite and kaolinite) are very similar in the studied soils and can be 
explained by the similar compositions o f parent rocks and similar climatic conditions of weathering. Sequ- 
ences o f principal rock mineral weathering are discussed.

Key words: Mineralogy, weathering, monzogranite, granodiorite, vermiculite, chlorite, illite, kaolinite,
Mount Cer.

INTRODUCTION

Mount Cer is one in the Tertiary granitoid massifs on the southem margin of the 
Pannonian Basin, which begins with Bukulja in the east and extends to Cer and farther 
westward (Motajica, Prosara, Moslavačka Gora). Cer massif is composed of two separate 
bodies: larger, Cer pluton, has the form of an irregular lens, elongated in E -W  direction 
and about 60 km2 in surface area; and smaller, Stražanica granodiorite, a NNW -SSE 
elongated lens over an area of about 7 km2 (Fig. 1).

Most of earlier investigations in Cer granitoids were concemed with mineralogical 
and petrographic aspects (K nežev ić , 1959/60; M arkov  & M ih a ilo v ić -V la j ić ,  1969; 
D iv lja n  et a l . ,  1978), distribution of U, Th, and K in Cer granitoids (O m aljev , 
1981), and establishing the age of Cer massif (K aram ata et a l . ,  1991). K n ežev ić  et 
a l. (1992) inferred that Cer pluton got consolidated at greater depths before 30 million 
years, and that the parent magma originated from melts in the upper mantle and the crus- 
tal contaminated material.

University o f  Belgrade, Faculty o f  M ining and G eology, Djušina 7 , Belgrade.
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Granitic rock weathering has been much studied over the world (C o llie r, 1961; 
H a rriss  & A dam s, 1966; R ice , 1973; T ardy  et a l., 1973; M urray , 1978; C hes- 
w o rth , 1979; M eu n ie r & V e ld e , 179; Law et a l., 1991; A o u d jit et a l., 1991). In 
this country, granite weathering was studied only by N ik o lić  (1961, 1978) on some 
granitoid massifs of Serbia (Cer, Bukulja, Besna Kobila, Neresnica, Rudna Glava, Tanda). 
The weathering crust on Cer was studied in a section, where its thickness is about 250 
cm, composed of kaolinite, illite and halloysite.

Jo v ić  et al. (1993) published the initial results of the mineralogical study of soils 
over the Cer granitic rocks.

SAMPLES AND METHODS

Our study of granitic rock weathering is based on samples of fresh and variously 
weathered rocks and the soil products. Soil samples (mass 2 -3  kg) were dried in air to 
remove roots, and then about 0.5 kg was separated for analysis by wet sieving (2000-250 
|im, 250-100 jjm, 100-50 )J,m) and decantation (50-20 |Lim, 20-2 [im, <2 (irn). Mineral 
compositions of fresh and slightly altered rocks were optically determined, and those of 
much weathered rocks and soils by X -ray diffraction. For X-ray powder pattems, a Phi- 
lips PW 1710 (copper anticathode) diffractometer was used. Clay minerals were identified 
by the method of oriented sampies, subsequently treated with glycerol and heated at 
450°C.

RESULTS

Lipova Voda Section

The section through weathering monzogranite at Lipova Voda is located at the alti- 
tude of 650 m. The exposure has some 25 m in length and about 10 m in depth (Fig. 
2.1). Relative to the degree of weathering, four zones have been divided:

The lowest zone (3 m thick) is fresh, gray monzogranite, massive and medium-gra- 
ined. It consists of essential minerals: quartz, orthoclase (-2V = 64°-70°), andesine 
(43-48% an), biotite, and homblende, secondary chlorite and leucoxene, and accessory 
apatite, zircon, sphene and orthite. Orthoclase is fresh with sporadic slight sericitisation. 
Plagioclase is unaltered, and biotite and homblende are chloritised on rims.

Second lowest zone is gray-yellow weathered monzogranite about 5 m thick. The 
rock is friable, disintegrated into fragments of 3 x 5 cm. X-ray diffraction detected chlo- 
rite, kaolinite and interstratified biotite-vermiculite, in addition to quartz, feldspar and 
amphibole.

Third zone is yellow monzogranite gruss (common f'ragment size 1 x 3  cm), similar 
in composition with the preceding zone. The only differences are the occurrence of illite 
and increased vermiculite in the interstratified biotite-vermiculite.
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Fourth zone is the soil produceđ by monzogranite weathering, 70 cm thick. It is soil 
of brown acidic type developed in A, AC and C horizons. The lower, AC horizon is 55 
cm thick and contains yellow-brown skeleton (fragment size 0.5 x 1.5 em). represented 
by quartz and feldspar grains and rock fragments. Surface soil (A horizon, 0-15 cm) is 
less skeletal (size 0.7 x 1 cm). This soil can be elassified on grain size as coarse-sandy 
(0-15 cm) loam, or loam (15-70 cm).

Mineral composition of soil at contact with the weathered monzogranite was studied 
using X -ray diffraction. Mineral content in the coarsest fraction includes: quartz, feldspar, 
amphibole. illite, chlorite, and vermiculite-biotite. Prevailing in fraction 20-50 |am is 
quartz, the component most resistant to disintegration, over feldspar, relict amphibole, illi- 
te, chlorite, vermiculite, and kaolinite. Fine dust fraction (20-2 (J.m) consists of high qu- 
artz and low feldspar. Clay minerals are higher: vermiculite, ehlorite, illite and kaolinite. 
Soil clay fraction (<2 jim) was well studied by standard technique. Prevailing among clay 
minerals is vermiculite (refraction at 1.4 nm which shifted to 1.08 nm after heating) over 
kaolinite, illite and particularly chlorite (Fig. 3).

To the depth of 15 cm, sand and silt fractions are similar in mineral compositions. 
Quartz and feldspars are prevailing over amphibole which is higher in deep part of the 
soil section. Only vermiculite is significant in the sand fraction. The soil clay fraction 
contains the highest vermiculite and lower chlorite, kaolinite and illite. A small amount of 
smectite is likely produet of vermieulite tansformation (Fig. 4).

Mršića Grob Section

Weathering crust on monzogranite was recognized at Mršića Grob, altitude 370 m. 
The exposure is about 50 m long and 4 m deep. It is divided on weathering degree into 
seven zones (Fig. 2.2).

First zone is fresh monzogranite (over 3 m thick) light gray in colour, massive, 
medium-grained, composed of quartz, plagioclase, alkali feldspar (orthoclase, microcline), 
muscovite and biotite. Accessory constituents are apatite and magnetite, and secondary 
minerals are epidote and sericite (sericitised feldspars).

Second zone is formed by altered monzogranite (about 0.5 m thick). gray-green in 
colour, disintegrated into varisized, mostly 3 x 5  cm, fragments. The mineral composition 
is similar with that of fresh monzogranite, only this includes brown biotite flakes which 
indicate some surfical change.

Greenish brown-yellow monzogranite gruss, disintegrated into fragments of 0.5 x 1.5 
cm, forms the third zone. The mineral composition is similar with the former two, and 
alteration is more advanced.

Fourth zone is brown-yellow monzogranite gruss (1.5-2 m thick) containing quartz, 
much altered feldspars, biotite and Fe-mineral segregations.

Fifth and sixth zones are loose monzogranite gruss (to 0.5 m thick) composed of 
quartz and completely altered other minerals.
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Seventh zone, 70 m thick, is brown acidic soil with developed A and AC horizons. 
At the contact with weathered monzogranite (AC2), the soil is 20 cm thick, brown in co- 
lour and contains skeleton quartz, feldspar and some rock fragments. This horizon is over- 
lain with 35 cm of yellow-brown, less skeletal, soil ACj). At the surface, 15 cm of soil 
(A horizon) are light brown in colour. Skeleton is low, representea by quartz grains.

The mineral composition of soil is the following: quartz, feldspars, vermiculite, chlo- 
rite, kaolinite and illite. Clay fraction at depths from 50 cm to 70 cm contains vermicu- 
lite, chlorite, illite and kaolinite. Between 15 cm and 50 cm, the clay composition is 
similar: vermiculite is the highest, kaolinite increased, and iliite is somewhat higher rate 
of crystallinity. At the surface (0-15 cm), vermiculite is again prevailing, but reflection at 
about 1.4 nm indicates partly altered vermiculite into slightly crystallised phases (broad 
reflection within 1.4-1.0 nm) which can not be identified without additional treatment and 
respective methods (Fig. 5).

Vratački Venac Section (Stražanica)

An exposed section of granodiorite weathering rocks is located at Vratački Venac at 
the altitude of 260 m, about 40 m long and 5 m deep. Seven zones are distinguished in 
the section (Fig. 2.3).

First zone is fresh granodiorite (exposed thickness 0.8 m), light gray in colour, mas- 
sive in structure, and composed of essential minerals: andesine (31% an), quartz, orthocla- 
se (-2V = 80°-84°) and biotite, accessory zircon, apatite and magnetite, and secondary 
epidote, chlorite, sericite and clay minerals.

Second zone is white disintegrated (about 1 m thick) granodiorite, friable, indicating 
advanced processes of disintegration and decomposition affecting the rock. The composi- 
tion is basically the same as in the first zone, the only difference being in secondary 
minerals. Feldspars are more sericitised, and clay alteration is higher. Biotite is more 
chloritised and oxidised, and magnetite is higher.

Third zone is white granodiorite gruss (about 1.3 m thick) in which feldspars are 
completely altered, and biotite chloritisation higher than in the preceding zone.

Fourth zone is a dark red horizon (about 0.1 m thick) represented by completely 
weathered granodiorite which includes heavily altered feldspars, biotite, quartz, and 
Fe-minerals.

Fifth zone is dark yellow granodiorite gruss (0.6 to 1.0 m thick), whose colour indi- 
cates a high degree of weathering.

Sixth zone is completely weathered granodiorite (about 0.3 m thick) at contact with 
the soil of loose granular mass composed of quartz and completely altered feldspars and 
biotite.

Seventh zone is soil, the product of granodiorite weathering, 90 cm thick. This soil 
is classified as brown acidic soil with developed A and AC horizons. Lowest horizon 
(AC2), 30 cm thick, is yellow-brown in colour, characterized by the presence of abundant
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skeleton which consists dominantly of single quartz and feldspar grains and rock frag- 
ments (sizes 0.4 x 0.6 to 1x1 cm). The upper part of AC horizon (about 30 cm thick) is 
lighter in colour and less skeletal (sizes 0.3 x 0.4 to 0 .5x1 cm). At the top of the section 
(A horizon), the soil is about 30 cm thick and light yelow-brown in colour. Skeleton 
content is very low, represented by quartz grains of no more than 0 .2x 0.4 cm. Soils of A 
and AC horizons correspond to dusty loam, and tliat of AC2 to loam.

At contact with weathered granodiorite, the mineral content of soil is the following: 
quartz, feldspars, kaolinite, illite, chlorite, and interstratified vermiculite-biotite. At depths 
from 40 cm to 60 cm the composition is similar: quartz is dominant over feldspars, 
chlorite, vermculite, iliite and kaolinite. At the surface (depth 0-30 cm), the composition 
is similar, only vermiculite prevails over illite and kaolinite (Fig. 6).

DISCUSSION AND CONCLUSION

The studied granitoid rocks of Cer are similar in mineral composition: quartz, feld- 
spars (orthoclase and plagioclase) and biotite; monzogranite of Lipova Voda also contains 
homblende, and monzogranite of Mršića Grob contains muscovite instead of homblende. 
This mineral composition of rocks ga\'e similar secondary products in the weathering 
crust and soil. Weathering of feldspars has produced illite and kaolinite; illite has partly 
derived from muscovite. Lowermost in soil sections, chlorite is still contained from the 
parent material, and upward, chlorite is an alteration product of homblende and partly 
probably of biotite as well. The sequence of biotite weathering can be represented as 
follows:

biotite —» biotite-vermiculite —> vermiculite-biotite—>vermiculite —» smectite?
^  ^  ^  ^

fresh rock C horizon AC horizon AC horizon A horizon

A similar sequence of biotite weathering from biotite-amphibole granite is described 
by W ilso n  (1970).

The three studied sections through the weathering granitoid rocks of Cer have shown 
that lithologic and climatic factors are most responsible for the new products. Although at 
different altitudes, and in rocks of similar geologic ages, the simiiar compositions of clay 
soil fraction can be explained by the similar mineral compositions of granitoid rocks 
which weathered under similar climatic conditions.
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