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T O M Á Š  G R E G O R *  

MAGNETITE A N D  ILMENITE SERIES OF THE WESTERN 
CARPATHIAN GRANITODIS 

(2 Figs.) 

A b s t r a c t :  In the submitted paper  the author analyses results of field and laboratory 
measurements of magnetic properties of the  Western Carpathian granitoids. These  
measurements w e r e  a decisive criterion which made  it possible t o  divide the  granitoids into 
two contrast series - high-magnetic "magnet i te"  and low-magnetic " i lmenite".  T h e  
magnetite series includes magnetic phase of granitoids of the Hodruša-Štiavnica Intrusive 
Complex, Rochovce, Turčok and Čierna hora Mts. area. T h e  ilmenite series consists of 
granitoids of the Gemericum, Bratislava Massif, Inovec Mts., Suchý Mts. as well  a s  
substantial parts  of the Nízke Tatry Mts. and Veporicum. 
Because of insufficient amount of measurements, f o r  the  time being, w e  cannot assign 
granitoids of the  V y s o k é  Tatry Mts., Malá Fatra Mts. and Modra Massif along with Čierna 
hora Mts. into a certain outer zone of increased magnetic susceptibility. 
T h e  employed classification has  a genetic importance because it indicates some types  of 
mineralization. High efficiency of field as well as laboratory measurements and possible 
application of earlier geophysical measurements are  a great advantage of the  employed 
method. 

P e 3 k> M e : B npefljiaraeMoň CTaTbe aBTop pa3flejiH.n rpaHHTOHflbí 3anaflHbix KapnaT 
B rjiaBHOM Ha OCHOBe HX MaľHHTHblX CBOHCTB Ha £Be cepmi - BblCOKOMarHHTHVIO 
,,MarHeTHTHyio" H cjiaôoMarHHTHyio „HjibMe HMTO By to''. B ManiexiiTHyK) cepmo  BXO-
AHT Mai HHTHaa c|i;i3a rpaHHTOHflOB rojjpymcKO-IIlTbHBHHitKoro HHTpy3HBHoro KOMn-

jieKca H oôjiacTH Poxonuc, TypnoK, Hepitasi ropa.  B mibineHHTOByio cepmo  BXO/UIT 
rpaHHTOHHbi TeMepHKyMa, EparaejiaBCKoro MaccHBa, HHOBua, Cyxoro, 3HaMHTeJibHoň 
nacTH HH3KHX TaTp H BenopHKyMa. 
BKJiioHHTb rpanHTon; ib i  BbicoKHX T a T p ,  M a j i o ň  <3>aTpbi, MoApaHCKoro MaccHBa BMecTe 

c rpaHHTOH^aMH HepHOH  r o p b l  B BHeiIlHIOK) 30Hy C nOBbimeHHblMH aaHHblMH MarHHTHOH 
BOCnpHMMHMBOCTH HaM nOKa He n03B0JIHeT HM3KOe KOJIHHeCTBO H3MepeHHH. 
Mcn0j ib30BaHHaa KjiaccHcJjHKaijHH HMeeT reHeraHecKHň cMbicji  h noKa3biBaeT Ha 
HeKOTopbie CB33H c opyneHeHHeM.  IIpeHMymecTBOM Hcn0j ib30BaHH0ň  m c t o ^ h k h  HBnaeT-
CH BblCOKaM 3cj)(j)eKTHBHOCTb nOJieBblX H JiaSopaTOpHblX H3MepeHHH c B03M0>KH0CTbK> 
Hcn0Jib30BaHHsi cymecTByiomHX  reot})H3H<iecKHx AaHHbix. 

Introduction 

G r a n i t o i d  rocks h a v e  always attracted significant at tent ion o f  geologists because o f  t h e i r  
great var iab i l i ty  result ing f r o m  v a r i e d  source materials o f  grani to id  magmas, v a r i a b i l i t y  o f  
geotectonic settings a n d  origins as w e l l  as f r o m  w i d e  range o f  processes g i v i n g  r ise t o  o r  
affecting differences i n  composit ion a n d  possible ore-potent ia l  o f  grani to id  bodies i n  t i m e  a n d  
space. 

T h i s  var iab i l i ty  is reflected also i n  a n u m b e r  o f  var ious classifications w h i c h  m o r e  o r  less 

successfully classify granitoids. D i v i s i o n  o f  granitoids i n t o  t w o  genetically dif ferent types 
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— I ( igneous)  a n d  S (sedimentary)  r e s u l t i n g  f r o m  p a r t i a l  m e l t i n g  o f  d i f ferent  source mater ia ls  

has recent ly  become v e r y  p o p u l a r .  T h e s e  t w o  types h a v e  b e e n  dist inguished b y  C h a p p e l  — 

W h i t e ( 1 9 7 4 )  w i t h i n  A u s t r a l i a n  P a l e o z o i c  grani to ids o n  t h e  basis o f  minera logica l ,  chemical,  

physical ,  f i e l d  a n d  o t h e r  cr i ter ia.  
O n e  o f  t h e  phys ica l  parameters  e m p l o y e d  b y  t h e  t w o  authors  w a s  magnet ic  susceptibi l i ty.  

T h i s  c r i t e r i o n  f o r  d i v i s i o n  o f  grani to ids w a s  e a r l i e r  used b y P e c h e r s k y  ( 1 9 6 4 )  a n d  

S u k h o r a d a  ( 1 9 7 2 ) .  L a t e r ,  t h e  c r i t e r i o n  w a s  e m p l o y e d  also b y  R o m a n o v s k y  ( 1 9 7 6 ) ,  

I s h i h a r a  ( 1 9 7 7 ) ,  D u b i n c h i k  - R o z e n t a l ( 1 9 8 0 )  a n d  D o r t m a n e t a l .  ( 1 9 8 4 ) .  O f  t h e  

a b o v e - m e n t i o n e d  classif ications, m a i n l y  I s h i h a r a ' s  ( 1 9 7 7 )  d i v i s i o n  o f  Japanese 

M e s o z o i c  — T e r t i a r y  grani to ids i n t o  m a g n e t i t e  a n d  i l m e n i t e  series has u n d o u b t e d l y  a genetic 

character. 
A t  present,  t h e  g r a n i t o i d  d i v i s i o n  i n t o  I a n d  S-types is b e i n g  g r a d u a l l y  a b a n d o n e d  because 

i ts  v a l i d i t y  i s  n o t  general ,  m a i n l y  as regards o r e  p o t e n t i a l  o f  granitoids.  I n  t h e  magnet i te/ i lme-

n i t e  classif ication, t h e  r e l a t i o n s h i p  b e t w e e n  m i n e r a l i z a t i o n  a n d  t h e  b o t h  petrographic  series 

has b e e n  studied i n  m u c h  m o r e  d e t a i l  ( I s h i h a r a ,  1 9 8 1 ) .  T h o s e  are  t h e  reasons w h y  o u r  

c o n t r i b u t i o n  is focused o n  t h e  study  o f  magnet ic  propert ies  o f  t h e  W e s t e r n  C a r p a t h i a n  

grani to ids w i t h  t h e i r  possible assignat ion i n t o  t h e  magnet i te  o r  i l m e n i t e  series. 

Magnetic susceptibility of granitoid rocks 

A l t h o u g h  magnet ic  susceptibi l i ty  ( x )  v a l u e s  v a r y  substant ia l ly  i n  d i f f e r e n t  grani to ids a n d  

range f r o m  v a l u e s  close t o  z e r o  t o  v a l u e s  exceeding 1 0 0  0 0 0  x 1 0 " 6  S I  un i ts ,  n u m e r o u s  

authors  h a v e  demonstrated signif icant  regular i t ies i n  t h e  d i s t r i b u t i o n  o f  these va lues.  

H a v i n g  studied 1 6 0 0  g r a n i t o i d  massifs i n  t h e  n o r t h e a s t e r n  U . S . S . R . ,  P e c h e r s k y  ( 1 9 6 4 )  

d i v i d e d  t h e m  i n t o  t h r e e  groups:  n o n m a g n e t i c  ( x  < 6 3 0  x 1 0 ~ 6  S I  un i ts) ,  s l ight ly  magnet ic  

( 6 3 0 — 5 6 5 0  x 1 0 ~ 6  S I  u n i t s )  a n d  magnet ic  ( x  > 5 6 5 0  x 1 0 - 6  S I  uni ts).  H e  also n o t e d  t h a t  this  

d i v i s i o n  is n o t  based e n t i r e l y  o n  t h e  c h e m i c a l  c o m p o s i t i o n  ,of t h e  r o c k  a n d  i ts  magnet i te  

content ,  b u t  also o n  geotectonic condi t ions o f  r o c k  f o r m a t i o n ,  t h e  fact  r e l a t e d  t o  s o m e  

m i n e r a l i z a t i o n  types.  T i n  is associated w i t h  nonmagnet ic-group granitoids,  w h e r e a s  g o l d  

accompanies those o f  t h e  magnet ic  g r o u p .  

S u k h o r a d a ( 1 9 7 2 )  s tudied magnet ic  propert ies  o f  U k r a i n i a n  shie ld  grani to ids a n d  f o u n d  

t h a t  t h e i r  magnet ic  susceptibi l i ty  has  b i m o d a l  d i s t r i b u t i o n ,  w i t h  t h e  m i n i m u m  v a l u e  o f  s o m e  

1 0 0 0  x 1 0 ~ 6  S I  un i ts .  

R o m a n o v s k y  ( 1 9 7 6 ) ,  w h o  studied grani to ids o f  t h e  S o v i e t  F a r  E a s t  ( 7 0 0  g r a n i t o i d  

massifs), d iv ides  t h e m  i n t o  t i n - b e a r i n g  ones w i t h  magnet ic  susceptibi l i ty  v a l u e s  b e l o w  

1 2 0 0  x 1 0 ~ 6  S I  un i ts  a n d  grani to ids  o f  go ld-bear ing  areas w h o s e  magnet ic  susceptibi l i ty  

exceeds 3 6 0 0  x 1 0 ~ 6  S I  un i ts .  

D u b i n c h i k  — R o z e n t a l  ( 1 9 8 0 )  s ta t is t ica l ly  t r e a t e d  m a g n e t i c  suscept ib i l i t y  va lues o f  

g ran i to ids  f r o m  v a r i o u s  pa r t s  o f  t h e  U . S . S . R .  a n d  classify these r o c k s  as s l i gh t l y  magne t i c  a n d  

magne t i c ,  w i t h  t h e  b o u n d a r y  separa t ing  these t w o  g roups  a m o u n t i n g  t o  5 0 0  x 10  6 S I  un i t s .  

T h e  f o r m e r  a re  assigned b y  t h e  t w o  au tho rs  i n t o  t h e  g r o u p  o f  b a t h o l i t h o i d  p l u t o n i c  g ran i to ids  

f o r m e d  a t  t h e  e n d  o f  m i d d l e  a n d  b e g i n n i n g  o f  l a t e  stages o f  t e c t o n o m a g m a t i c  cycles, whereas  

t h e  l a t t e r  a re  f o r m e d  a t  t h e  e n d  o f  l a t e  stages o f  t e c t o n o m a g m a t i c  cycles o r  d u r i n g  t h e  p e r i o d  o f  

t e c t o n o m a g m a t i c  ac t i va t i on ,  o f t e n  l o c a t e d  i n  vo l cano tec ton i c  zones.  T h e  b o t h  g roups  d i f f e r  

f r o m  o n e  a n o t h e r  i n  t h e i r  r e l a t i onsh ip  t o  m ine ra l i za t i on .  T h e  g r o u p  o f  s l i gh t l y  magne t i c  

g ran i to ids  is  associated w i t h  t i n  a n d  tungs ten ,  whereas  t h e  g r o u p  o f  m a g n e t i c  g ran i to ids  is  

a c c o m p a n i e d  w i t h  g o l d ,  z inc ,  c o p p e r  a n d  l ead .  

O n  t h e  basis o f  m a g n e t i c  suscept ib i l i t y ,  D o r t m a n  e t  a l .  ( 1 9 8 4 )  c lassi fy i n d i v i d u a l  

g r a n i t o i d  f o r m a t i o n s ,  a c c o r d i n g  t o  t h e i r  source,  as u p p e r  c rus ta l  a n d  l o w e r  c rus ta l  ones. M u c h  
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a t t e n t i o n  has b e e n  aroused b y l s h i h a r a ' s  ( 1 9 7 7 )  classif ication d i v i d i n g  Japanese M e s o z o i c  

a n d  N e o g e n e  grani to ids i n t o  t w o  contrast series - s l ight ly  magnet ic  " i l m e n i t e "  a n d  magnet ic  

" m a g n e t i t e " ,  t h e  t w o  series b e i n g  separated b y  t h e  magnet ic  susceptibi l i ty  v a l u e  o f  

3 6 0 0  x 1 0 " 6  S I  u n i t s  ( I s h i h a r a ,  1 9 8 9 ,  pers. c o m m ) .  T h e  b o t h  t h e  series d i f f e r  f r o m  each 

o t h e r  m a i n l y  because l o w e r  crustal  t o  m a n t l e  magmas q u i c k l y  ascend i n  a t e n s i o n  sett ing 

(subduct ion z o n e )  w i t h  l i t t l e  c o n t a m i n a t i o n  b y  crustal  rocks a n d  at  h i g h  o x y g e n  a n d  s u l p h u r  

fugacities, w h i c h  is t y p i c a l  o f  " m a g n e t i t e "  series granitoids.  I n  contrast,  " i l m e n i t e "  series 

grani to ids o r i g i n a t e d  f r o m  u p p e r  crustal  magmas i n  a compressive setting, a t  l o w  o x y g e n  

fugacity  a n d  w e r e  considerably  c o n t a m i n a t e d  b y  s u r r o u n d i n g  rocks.  T h e  d i f f e r e n t  f o r m a t i o n  

condi t ions also gave r ise  t o  d i f ferent  types o f  associated m i n e r a l i z a t i o n .  

" M a g n e t i t e "  series grani to ids are  associated w i t h  g o l d ,  s i l ver ,  copper,  z i n c ,  l e a d  a n d  

tungsten (scheelite) deposits, whereas " i l m e n i t e "  series grani to ids  a r e  associated w i t h  

cassiterite, w o l f r a m i t e ,  b e r y l  a n d  f l u o r i t e  deposits ( I s h i h a r a ,  1 9 8 1 ) .  

Applied methods 

A n a l y s e d  samples o f  t h e  W e s t e r n  C a r p a t h i a n  grani to ids  h a v e  b e e n  col lected w i t h i n  

a r e g i o n a l  petrophysical  research ( G r e g o r ,  1 9 8 7 )  a n d  w i t h i n  some p a r t i a l  projects i n  

c o o p e r a t i o n  w i t h  w o r k e r s  o f  o t h e r  organizat ions.  D u r i n g  r e g i o n a l  research, rocks  t y p i c a l  o f  

i n d i v i d u a l  g r a n i t o i d  massifs h a v e  b e e n  col lected ( 3 6 0  samples).  T h e  samples h a v e  b e e n  

petrophysical ly ,  geochemical ly  a n d  petrographica l ly  studied i n  deta i l .  M a g n e t i c  susceptibi l i ty  

has b e e n  measured b y  a n  apparatus M A - 2 1  a t  t h e  K i e v  State U n i v e r s i t y .  

T h e  r e g i o n a l  research has b e e n  l a t e r  supplemented b y  l o c a l  measurements,  m a i n l y  i n  t h e  

M a l é  K a r p a t y ,  T r í b e č  a n d  N í z k e  T a t r y  M t s .  as w e l l  as V e p o r i c / G e m e r i c  contact.  T h e s e  

measurements h a v e  b e e n  carr ied  o u t  b y  a f i e l d  apparatus K T - 5  ( o v e r  2 0 0 0  measurements)  

a n d  l a b o r a t o r y  apparatus K L Y - 2  ( 4 2 3  samples),  b o t h  p r o d u c e d  b y  Geophysics,  State 

c o m p a n y ,  B r n o .  

O u r  in terpretat ions  o f  measured d a t a  h a v e  b e e n  based o n  t h e  assumpt ion o f  D u b i n c h i k  

— R o z e n t a l  ( 1 9 8 0 )  t h a t  each  i n t r u s i v e  phase has a s m a l l  s ta t is t ica l  d i spers ion  o f  m a g n e t i c  

suscept ib i l i t y  va lues.  T h i s  a l l o w e d  u s  t o  d i v i d e  i n d i v i d u a l  g r a n i t o i d  massifs o r  g r a n i t o i d  

i n t rus i ve  phases o f  t h e  W e s t e r n  Ca rpa th ians ,  o n  t h e  basis o f  t h e i r  magne t i c  suscept ib i l i t ies ,  

i n t o  t w o  groups—series ( m a g n e t i t e  a n d  i l m e n i t e )  separa ted  f r o m  o n e  a n o t h e r  b y  t h e  v a l u e  o f  

3 6 0 0  x 10~ 6  S I  u n i t s  ( I s h i h a r a ,  1 9 8 9 ,  pers .  c o m m ) .  I n  a d d i t i o n ,  w e  have  t a k e n  i n t o  

accoun t  also geo log ica l  p o s i t i o n ,  p e t r o g r a p h y ,  geochemica l  c o m p o s i t i o n  a n d  f u r t h e r  

pe t rophys i ca l  p rope r t i e s  o f  t h e  inves t iga ted  g ran i to ids .  T h o u s a n d s  o f  n e w  da ta ,  m o s t l y  

geochemica l  a n d  pe t rophys i ca l  ones,  h a v e  b e e n  m a t h e m a t i c a l l y  t rea ted .  
I n  t h i s  p a p e r  f igu res  s h o w i n g  m e a s u r e d  va lues  a re  n o t  g i v e n  because t h e y  have  b e e n  

p u b l i s h e d  ea r l i e r  ( G r e g o r ,  1 9 8 7 ,  1 9 8 8 ) .  

Magnetic susceptibility of the Western Carpathian granitoids 

M a g n e t i c  suscept ib i l i t y  ( i n d u c e d - t o - r e m a n e n t  m a g n e t i z a t i o n  r a t i o )  o f  t h e  W e s t e r n  

C a r p a t h i a n  g ran i to ids  depends  o n  t h e  a m o u n t  o f  d i a - ,  p a r a -  a n d  f e r r o m a g n e t i c  m ine ra l s ,  t h e  

decis ive r o l e  b e i n g  p l a y e d  b y  t h e  l a t t e r  ( F e - T i  m ine ra l s ,  m a i n l y  magne t i t e ,  less f r e q u e n t l y  

Fe-su lph ides  — p y r r h o t i t e ) .  P r i n c i p a l  r o c k - f o r m i n g  m ine ra l s ,  q u a r t z  a n d  fe ldspar ,  a re  

d iamagne t i c  a n d  t h e r e f o r e  a f f ec t  m a g n e t i s m  o n l y  pass ive ly :  i f  a b u n d a n t ,  t h e y  leave l i t t l e  space 

f o r  p a r a -  a n d  f e r r o m a g n e t i c  m ine ra l s .  E .  g . ,  c o r r e l a t i o n  b e t w e e n  x a n d  q u a r t z  equa ls  t o  —0.63.  
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Paramagnetic minerals,  b iot i te  a n d  amphibole,  absorb i r o n  f r o m  m e l t  thus decreasing 

probabi l i ty  t h a t  ferromagnetic minerals  w i l l  crystall ize. I n  th is  case, magnetic susceptibil ity is 

o n l y  sl ightly increased. O n  t h e  other  h a n d ,  h o w e v e r ,  under  certain condit ions ( m a i n l y  

increased oxygen fugacity),  paramagnetic minerals  m a y  become t h e  source o f  secondary 

magnetite,  as has b e e n  p r o v e d  also b y  exper imental  w o r k s :  

B i F e  + ( 0 2 )  = B i  + O r t  + M t  + ( H z O )  

( W o n e s  — E u g s t e r ,  1965) ,  w h e r e  B i  — biot i te,  O r t  — orthoclase, M t  — magnetite. 
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Fig. 1. Relationship between magnetic susceptibility and iron content in biotites f r o m  selected samples of 
the Western Carpathian granitoids. 

Magnet i te  f o r m e d  i n  this m a n n e r  substantial ly increases magnetism o f  the rock.  
Relat ionships o f  i r o n  content  i n  biotites o f  some T a t r i c ,  V e p o r i c  a n d  G e m e r i c  granitoids 
measured b y  P e t ř í k  ( 1 9 8 5 )  as w e l l  as Hodruša-Št iavnica I n t r u s i v e  C o m p l e x  granitoids 
investigated b y  Š u 1 g a n ( 1 9 8 6 )  t o  t h e i r  magnetic susceptibilities measured b y  G r e g o r  
( 1 9 8 7 )  h a v e  b e e n  evaluated b y  us a n d  c o n f i r m  t h e  above assumption. M u t u a l  relat ionship 
between these t w o  parameters can be mathemat ical ly  expressed b y  t h e  equat ion l n x  
= 2.15 x f ~ 3 / 4  (F ig.  1) w h e r e  x — magnetic susceptibil ity, f — rat io  o f  biot i te.  
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Tatric and Veporic granitoids 

M a g n e t i c  susceptibi l i t ies o f  m o s t  T a t r i c  a n d  V e p o r i c  grani to ids are  f a i r l y  l o w ,  w h a t  attests t o  

l o w  contents o f  ferromagnet ic  minera ls  ( F i g .  2 ) .  T h e  r e g i o n a l  research ( G r e g o r ,  1 9 8 7 )  has 

f o u n d  t h a t  o n l y  grani to ids  f r o m  t h e  Č i e r n a  h o r a  M t s . ,  R o c h o v c e  a n d  s o m e  samples f r o m  t h e  

V y s o k é  a n d  N í z k e  T a t r y  M t s .  as w e l l  as t h e  M a l á  F a t r a  M t s .  h a v e  h i g h  magnet ic  susceptibi l i ty.  

T h e s e  researches, h o w e v e r ,  m u s t  b e  supplemented b y  m o r e  d e t a i l e d  ones, as has a l ready b e e n  

d o n e  i n  t h e  M a l é  K a r p a t y ,  N í z k e  T a t r y  M t s .  a n d  V e p o r i c / G e m e r i c  contact.  

M a l é  K a r p a t y  grani to ids occur i n  t h e  B r a t i s l a v a  a n d  M o d r a  Massifs.  O n  t h e  basis o f  t h e i r  

magnet ic  propert ies,  V i l i n o v i č  ( 1 9 8 5 )  has d i v i d e d  t h e m  i n t o  t w o  series. 

D i f ferences  n o t e d  b y  us i n  magnet ic  susceptibi l i t ies o f  b o t h  these massifs (average 

susceptibi l i ty  i s  h i g h e r  i n  t h e  M o d r a  M a s s i f )  m a y  b e  caused b y  d i f f e r e n t  composit ions d u e  t o  

p a r t i a l  m e l t i n g  o f  t h e  source(s) a n d  f r a c t i o n a l  crysta l l i zat ion  ( C a m b e l  — V i l i n o v i č ,  

1 9 8 8 ) .  I n  t h e  B r a t i s l a v a  Massi f ,  magnet ic  susceptibi l i ty  considerably  increases w i t h  increasing 

basici ty  ( leucocratic granites:  x < 3 1 2  x 1 0  6 S I  uni ts,  t w o - m i c a  a n d  b i o t i t e  granites:  

x < 6 4 0  x 10~ 6  S I  uni ts,  t w o - m i c a  a n d  b i o t i t e  granodior i tes:  x < 8 9 2  x 1 0 " 6  S I  un i ts) .  

A s  regards grani to ids o f  t h e  P e z i n o k - P e r n e k  crystal l ine,  w e  h a v e  f o u n d  h i g h e r  suscep­

t i b i l i t i e s  i n  g ran i to ids  t a k e n  f r o m  m i n e  w o r k i n g s  ( x m a x  = 3 2 1 0  x 1 0 " 6  S I  un i t s ) .  I n  o u r  

o p i n i o n ,  h i g h e r  x va lues  i n  g ran i to ids  f r o m  m i n e  w o r k i n g s  suggest t h a t  t h e y  w e r e  e n r i c h e d  i n  

magne t i c  m ine ra l s  b y  secondary  processes r e l a t e d  t o  t h e  f o r m a t i o n  o f  t h e  m i n e r a l  depos i t  

a n d / o r  t h e i r  r e l a t i onsh ip  t o  M o d r a  M a s s i f  g ran i to ids .  

A n  i n te res t i ng  a n o m a l y  has b e e n  f o u n d  b y  us i n  t h e  T r í b e č  M t s .  w h e r e ,  apart  f r o m  l o w  
magnet ic  grani to ids,  t h e r e  occur also h i g h  magnet ic  ones located i n  enclaves o f  d i o r i t i c  rocks 
( P e t ř í k - B r o s k a ,  1989).  I n  c o m p a r i s o n  w i t h  t h e  s u r r o u n d i n g  g r a n i t o i d  rocks,  t h e  
enclaves a lways  h a v e  h i g h e r  susceptibi l i t ies a m o u n t i n g  u p  t o  1 6  0 0 0  x 1 0 ~ 6  S I  un i ts .  N í z k e  
T a t r y  granitoids occur largely  i n  t h e  Ď u m b i e r  M a s s i f  w h o s e  c o m p o s i t i o n  i s  v e r y  heterogene ­

ous.  T h e i r  he te rogeneous  genesis is r e f l e c t e d  a lso i n  t h e  d i s t r i b u t i o n  o f  m a g n e t i c  

suscept ib i l i t y .  T h e  l o w e s t  va lues character ize  t h e  K r á l i č k a - t y p e  grani to ids,  t h e  fact  r e l a t e d  t o  
t h e i r  genesis a n d  leucocratic character.  F a i r l y  l o w  x va lues ( b e l o w  4 5 0  x 1 0  6 S I  u n i t s )  occur 
also i n  ac id  g r a n i t o i d  var iet ies  o f  t h e  C h o p o k  area. M a g n e t i c  susceptibi l i t ies o f  t h e  Praš ivá-
a n d  Ď u m b i e r - t y p e  grani to ids are  m u t u a l l y  s i m i l a r  ( x  < 1 0 0 0  x 1 0 " 6  S I  un i ts) .  Susceptibi l i ty  
v a l u e s  h a r d l y  a l l o w  t o  d ist inguish b o t h  these types, a l t h o u g h  x v a l u e s  o f  t h e  Praš ivá-type are  
s l ight ly  h i g h e r  t h a n  p a r t i c u l a r l y  those o f  t h e  L a t i b o r s k á  h o ľ a - t y p e  granitoids.  

W e  h a v e  f o u n d  a n  interest ing magnet ic  susceptibi l i ty  a n o m a l y  o n  t h e  N í z k e  T a t r y  r idge 

a b o v e  t h e  v i l l a g e  M a g u r k a  w h e r e  g o l d  a n d  a n t i m o n y  h a d  b e e n  m i n e d  i n  t h e  past. T h e  a n o m a l y  

w a s  n o t  cont inuous,  b u t  consisted o f  separated zones w i t h  5 t o  5 0  t imes h i g h e r  susceptibi l i ty  

va lues  i n  c o m p a r i s o n  w i t h  t h e  s u r r o u n d i n g  rocks.  F a i r l y  h i g h  x v a l u e s  ( <  3 0 0 0  x 10  6 S I  

u n i t s )  occur also i n  granitoids f r o m  a m i n e  w o r k i n g  a t  t h e  D ú b r a v a  m i n e  i n  t h e  N í z k y  T a t r y  

M t s .  
A s  regards V e p o r i c  granitoids,  t h e  m o r e  basic S i h l a  t y p e  attains h i g h e r  v a l u e s  ( 6 5 0  

< x < 1 1 0 0  x 1 0 " 6  S I  u n i t s )  t h a n  t h e  m o r e  ac id  V e p o r  t y p e  ( 1 5 0  < x < 8 8 0  x 1 0 _ í l  S I  u n i t s )  

a n d  grani to ids o f  t h e  Sinec Mass i f  ( 2 3 0  < x < 4 5 0  x 1 0 ~ 6  S I  un i ts) .  V e p o r i c  granites located 

at  t h e  V e p o r i c / G e m e r i c  contact s h o w  l o w e r  x va lues t h a n  t h e y  s h o u l d  h a v e  because o f  t h e i r  

m a t e r i a l  c o m p o s i t i o n  r e l a t i v e  t o  t h e  o t h e r  V e p o r i c  granitoids.  

I n  contrast,  t h e  R o c h o v c e  granites w h i c h  c o n t a i n  u p  t o  5 k g / t  m a g n e t i t e  ( K l i n e c  e t  

al.,  1 9 8 0 ;  H a t  á r  e t  a l . ,  1 9 8 9 )  s h o w  h i g h  magnet ic  susceptibi l i t ies 

( x  < 3 0  0 0 0  x 1 0 " 6  S I  un i ts) .  T h e s e  ac id  granites h a v e  b e e n  intersected b y  d r i l l i n g  i n  t h e  

centre o f  a h i g h  magnet ic  a n o m a l y  ( F i l o  et a l . ,  1 9 7 4 )  near  t h e  v i l l a g e  R o c h o v c e .  I n  a d d i t i o n  

t o  t h e i r  h i g h  magnet ic  susceptibi l i ty,  a n o t h e r  interest ing feature  o f  these rocks is also h i g h  

an isotropy  o f  t h e i r  magnet ic  propert ies ( G r e g o r ,  1989).  
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Maqnetite serie 

I Imenite s e r i e  
Veporicum o Gemericum 

>K0Š!CE V s  
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ŠTIAVNICA 
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Fig. 2. Magnetic susceptibilities of the Western Carpathian granitoids and their areal distribution. 
1 ~ Tatric and Veporic granitoids; 2 — Gemeric granitoids; 3 — metamorphic envelope of Tatric and 
Veporic granitoids; 4, 5 - metamorphic and sedimentary rocks of Gemericum; 6 - Hodruša-Štiavnica 
Intrusive Complex - HŠIK; 7 - samples of Tatric granitoids; 8 — samples of Veporic granitoids; 
9 - samples of Gemeric granitoids; 10 — samples of HŠIK granitoids. 
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Gemeric granitoids 

Southwest  o f  t h e  R o c h o v c e  granites t h e r e  is exposed a n a r r o w  b e l t  o f  t h e  T u r č o k  granites 

t h a t  are  assigned a m o n g  t h e  G e m e r i c  granites b y  O n č á k o  v á ( 1 9 5 5 ) ,  J .  K a m e n i c k ý  — L .  

K a m e n i c k ý  ( 1 9 5 5 ) .  T h e  granites are  acid, strongly  tectonical ly  d isturbed.  T h e i r  magnet ic  

susceptibi l i ty  is h i g h ,  s i m i l a r  t o  t h a t  o f  t h e  R o c h o v c e  granites ( <  3 0  0 0 0  x 1 0 ~ 6  S I  un i ts) .  T h e  

T u r č o k  a n d  R o c h o v c e  granites resemble each o t h e r  also i n  t h e i r  m i c r o e l e m e n t  c o m p o s i t i o n  

a n d  an isotropy  o f  magnet ic  susceptibi l i ty.  T h a t  i s  w h y  w e  d o  n o t  r u l e  o u t  t h e  possib i l i ty  o f  t h e i r  

m u t u a l  re lat ionship.  

T h e  o t h e r  G e m e r i c  granites are  character ized b y  v e r y  l o w  magnet ic  susceptibi l i t ies. I n  

a d d i t i o n  t o  t h e i r  m u t u a l l y  s i m i l a r  magnet ic  susceptibi l i t ies ( B e t l i a r  granites:  x < 4 2 0  x 1 0 ~ 6  

S I  u n i t s ;  H n i l e c  granites:  x < 4 2 0  x 1 0 ~ 6  S I  u n i t s ;  P o p r o č  granites:  x < 4 4 0  x 1 0 ~ 6  S I  u n i t s ;  

Č u č m a  granites: x < 4 2 0  x 1 0 ~ 6  S I  unt is) ,  these granites resemble each o t h e r  also i n  o t h e r  

phys ica l  a n d  geochemical  propert ies.  

A c c o r d i n g  t o  t h e  I s h i h a r a ' s  classif ication ( 1 9 7 7 ) ,  th is  t y p e  belongs t o  t h e  i l m e n i t e  series 

o f  grani to ids f o r m e d  f r o m  u p p e r  crustal  m a t e r i a l  i n  a compressive sett ing, at  l o w  o x y g e n  

fugacity  a n d  w i t h  considerable c o n t a m i n a t i o n  b y  t h e  s u r r o u n d i n g  rocks.  T h i s  g r a n i t o i d  t y p e  

s h o u l d  b e  characterized b y  t i n  m i n e r a l i z a t i o n ,  w h i c h  is consistent w i t h  t h e  fact  t h a t  t h e  

G e m e r i c  granites are  t i n - b e a r i n g  ( B a r a n  e t  al.,  1 9 7 0 ;  T a u s o n  e t  al.,  1 9 7 7  a n d  others).  

Young granitoids of the Hodruša—Štiavnica Complex 

T h e  highest  magnet ic  susceptibi l i ty  v a l u e s  h a v e  b e e n  n o t e d  i n  t h e  samples o f  y o u n g  

grani to ids o f  t h e  H o d r u š a - Š t i a v n i c a  I n t r u s i v e  C o m p l e x .  T h e  samples h a v e  b e e n  col lected b y  

Š u 1 g a n ( 1 9 8 6 )  a n d  o n  t h e  basis o f  m i n e r a l o g i c a l  cr i ter ia  h a v e  b e e n  assigned b y  h i m  i n t o  t h e  

magnet i te  series. D e t a i l e d  study  o f  magnet ic  propert ies  o f  granitoids f r o m  a n e w  d e w a t e r i n g  

a d i t  as w e l l  as d a t a  b y  B u j ň á k o v á  — M a r u š i a k  ( 1 9 8 9 )  suggest t h a t  i n  t h e  a r e a  o f  t h e  

H o d r u š a - Š t i a v n i c a  I n t r u s i v e  C o m p l e x  t h e r e  exist,  apart  f r o m  h i g h  magnet ic  granitoids,  also 

l o w  magnet ic  ones. T h i s  m a y  b e  p a r t l y  d u e  t o  secondary a l terat ions o f  t h e  invest igated samples 

as w e l l  as existence o f  a n o t h e r  i n t r u s i v e  phase o r  changed o x y g e n  pressure. 

A c c o r d i n g  t o  t h e  I s h i h a r a ' s  classif ication ( 1 9 7 7 ) ,  t h e  h igh-magnet ic  grani to ids  o f  t h e  

H o d r u š a - Š t i a v n i c a  I n t r u s i v e  C o m p l e x  q u i c k l y  ascended i n  a t e n s i o n  sett ing f r o m  r e l a t i v e l y  

great depths, w i t h  a m i n i m u m  c o n t a m i n a t i o n  b y  t h e  s u r r o u n d i n g  rocks  a n d  a t  h i g h  o x y g e n  

fugacity.  T h i s  w o u l d  correspond t o  m a g m a t i c  i n t r u s i o n  ascending f r o m  f a i r l y  great depths 

a l o n g  fractures f o r m e d  b y  crustal  t e n s i o n  w h i c h ,  i n  t u r n ,  w a s  caused b y  a r i s i n g  d i a p i r  i n  t h e  

P a n n o n i a n  B a s i n  area. S i m i l a r l y ,  the  t y p e  o f  m i n e r a l i z a t i o n  related,  according t o  I s h i h a r a  

( 1 9 8 1 ) ,  t o  t h i s  series corresponds t o  m i n e r a l i z a t i o n  k n o w n  a n d  m i n e d  i n  t h e  H o d r u š a - Š t i a v n i ­

ca region,  o n e  o f  t h e  r ichest o r e  districts i n  S l o v a k i a  w h i c h ,  e.g. i n  t h e  1 4 t h  century  accounted 

f o r  o n e  q u a r t e r  o f  t h e  w o r l d ' s  s i l v e r  m i n i n g  a l o n g  w i t h  great  quant i t ies  o f  g o l d  a n d  copper.  

Conclusion 

M a g n e t i c  propert ies  e m p l o y e d  t o  d i v i d e  grani to ids i n t o  t w o  contrast series a l l o w  us t o  m a k e  

s o m e  assumptions concerning o x y g e n  fugaci ty  d u r i n g  g r a n i t o i d  f o r m a t i o n  i n  a g i v e n  r e g i o n  

a n d  this factor  is l i k e l y  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  o r e - f o r m i n g  processes. 

O n  t h e  basis o f  magnet ic  susceptibi l i t ies, t h e  magnet i te  series includes magnet ic  phase o f  

grani to ids o f  t h e  H o d r u š a - Š t i a v n i c a  I n t r u s i v e  C o m p l e x  a n d  grani to ids  o f  t h e  R o c h o v c e ,  

T u r č o k  a n d  Č i e r n a  h o r a  areas, whereas t h e  i l m e n i t e  series comprises grani to ids  o f  t h e  
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G e m e r i c u m ,  Brat is lava Massif,  I n o v e c ,  Suchý as w e l l  as extensive tracts o f  t h e  N í z k y  T a t r y  
Mts.  a n d  V e p o r i c u m .  

Because o f  insuff icient n u m b e r  o f  measurements, w e  cannot assign V y s o k é  T a t r y ,  M a l á  

F a t r a ,  M o d r a  Massif  a n d  Č i e r n a  h o r a  granitoids i n t o  a certain o u t e r  zone o f  increased 

magnetic susceptibil ity. 
Relat ionship  between magnetic susceptibil ity values a n d  minera l izat ion  is indicated b y  

occurrences o f  magnet ic  granitoids i n  t h e  Hodruša-Št iavnica I n t r u s i v e  C o m p l e x ,  Rochovce 
a n d  p a r t l y  also t h e  D ú b r a v a  a n d  P e z i n o k  areas a n d  nonmagnetic ones i n  the G e m e r i c u m .  
Despi te  t h e  fact t h a t  n o t  a l l  magnetic granitoids are associated w i t h  A u ,  A g ,  C u ,  P b ,  Z n ,  M o  
a n d  W ores a n d  n o t  a l l  nonmagnet ic  ones are accompanied w i t h  t i n  deposits, w e  can employ  
magnetic susceptibil ity as a n  indicator  o f  some genetic and/or ore-forming processes. 

G r e a t  advantages o f  t h e  e m p l o y e d  m e t h o d  are h i g h  efficiency o f  f i e l d  as w e l l  as laboratory  

measurements, possible usage o f  ear l ier  geophysical measurements a n d  solut ion o f  some 

special problems, e. g. using anisotropy o f  magnetic properties. 
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