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F unda me nta l Prope rtie s  o f Some  Norwe gian Ma gma tic  

and Me ta mor phic  Rocks

P r o p r ié t é s  fo n d a m e n t a le s  d e  q u e lq u e s  r o c h e s  m a g m a t iq u e s  e t  m é t a m o r p h iq u e s  d e  N o r v è g e

I.  T H .  R O S E N Q V IS T ,  Ins titu te  o f  Ge ology , Univ e rs ity  o f  Os lo , Os lo, N orw ay

S U M M A R Y

T o  o b t a in  a  be t te r  k no w le d g e  o f  s o m e  fu n d a m e n t a l p r ope r t ie s  

o f  N o r w e g ia n  r ocks , v a r ious  type s  o f  b u ild in g  s tone s  h a v e  be e n 

e x a m ine d . T h e  r e s ults  o f  the s e  s tudie s  to  d e te r m in e  p e r m e a b ility , 

s ta t ic  m o d u lu s ,  d y n a m ic  m o d u lu s , te ns ile  s p lit t ing  s tr e ng th , 

de ns ity , p o r o s ity , a n d  s w e llin g  a r e  pr e s e nte d in  a  table .

S O M M A I R E

O n  a  e x a m iné  de s  type s  d iffé r e n ts  de  pie r r e s  de  c o ns t r uc t io n  

p o u r  o b t e n ir  u ne  m e ille u r e  c o nna is s a nc e  de  q ue lq ue s  p r o p r ié té s  

fo n d a m e n t a le s  de s  r oche s  de  N o r vè g e . O n  p r é s e nte  le s  r é s ulta ts  

de s  es sais  s u iva n ts  s ous  fo r m e  de  t a b le a u:  p e r m é a b ilit é ,  m o d u le  

s ta t ique , m o d u le  d y n a m iq u e , r é s is tance  à  la  fe nte , de ns ité , p o r o ­

s ité  e t g o nfle m e nt .

i n  a  p a p e r  p r e s e n te d  a t  t h e  1 9 6 3  E u r o p ä is c h e  B a u g r u n d t a ­

g u n g  (W ie s b a d e n )  K ja e r n s li a n d  S a n d e  ( 1 9 6 3 )  h a v e  s h o w n  

t h a t  t h e  u n c o n f in e d  c o m p r e s s io n  s t r e n g t h s  o f  s o m e  s a m p le s  

o f  s y e n it e  g a v e  h ig h e r  v a lu e s  t h a n  t h e  s a m e  r o c k s  w h e n  

s a t u r a t e d  w it h  w a t e r ,  a n d  s t ill h ig h e r  v a lu e s  t h a n  w h e n  t h e  

s a t u r a t e d  s a m p le  is  s u b m e r g e d . S e v e r a l in v e s t ig a t io n s  a s  t o  

t h e  e la s t ic  p r o p e r t ie s  o f  r o c k s  h a v e  s h o w n  a n  in flu e n c e  

u p o n  t h e  e la s t ic  m o d u li  as  a  fu n c t io n  o f  w a t e r  c o n t e n t  

(e .g . ,  J u d d ,  1 9 5 8 ) .

O n  t h e  o t h e r  h a n d , it  is  k n o w n  t h a t  t h e  e la s t ic  p r o p e r ­

t ie s  d e p e n d  v e r y  m u c h  u p o n  t h e  m e t h o d  o f  m e a s u r e m e n t .  

In  o r d e r  t o  g e t  a  p ic t u r e  o f  s o m e  fu n d a m e n t a l p r o p e r t ie s  o f  

N o r w e g ia n  r o c k s , s a m p le s  o f  v a r io u s  t y p e s  o f  b u ild in g  

s to n e s  f r o m  s o m e  o f  t h e  b e s t  k n o w n  r e p r e s e n ta t iv e s  o f  th e

N o r w e g ia n  q u a r r y in g  in d u s t r y  h a v e  b e e n  e x a m in e d .  N o r ­

m a lly  f o u r  s e le c te d  s a m p le s  f r o m  v a r io u s  p a r t s  o f  e a c h  

q u a r r y  h a v e  b e e n  e x a m in e d .  E v e r y  s a m p le  h a d  b e e n  c a r e ­

fu lly  e x a m in e d  t o  a v o id  c r a c k s  a n d  z o n e s  o f  a p p a r e n t  

w e a k ne s s .

T h e  fo llo w in g  d a t a  h a v e  b e e n  d e t e r m in e d  (T a b le  I ) : 

P e r m e a b ilit y ,  k , m e a s u r e d  b y  G e o n o r  a p p a r a t u s  

S t a t ic  m o d u lu s  o f  d e fo r m a t io n  in  d r y  s ta le ,  E sd, m e a s u r e d  

b y  c o m p r e s s io n  a t  s tr e s s  2 1 7  k g / s q .c m .

D y n a m ic  m o d u lu s  in  d r y  a n d  w e t  s t a t e ,  E nd a n d  E d w, 

m e a s u r e d  b y  A m b e r  h ig h  fr e q u e n c y  p u ls a t o r

T e n s ile  s p lit t in g  s t r e n g t h , T , a c c o r d in g  t o  A S T M  ( 1 9 6 2 )  

D e n s it y ,  p o r o s it y ,  a n d  s w e llin g  f r o m  d r y  t o  s a t u r a t e d  s ta te . 

C o m p r e s s io n  s t r e n g t h  d a t a  o f  s o m e  o f  t h e  r o c k s  h a v e  b e e n

T A H I. F . I .  D A T A  O N '  F U N D A M E N T A L  P K O P F . R T IK S  O F  S O M l '  N O R W E G I A N  R O C K S

T r a d e  n a m e , 

L o c a li t y ,  

P e t r o g r a p h ie  n a m e

k , p e r m e ­

a b ili t y .

c m / s e c  E s ,  l Æ d.I

X  IO 10 M p ' s q . e in .  M p / s q . c i

T .

s p l i t t in g  a.

C r u s h in g  t e n s ile  > 2 0  C  S w e llin g  p o r o s it y

Cu n-  s t r e n g t h  s t r e n g t h  g r a m /  p e r c e n t  p e r c e n t

M p .' s q . c m . k p / s q . c m .  k p / s q . c m .  c u  c m  v o l.  v o l.

M in e r a l

im p o s it io r T e x tu r e

Id d e f jo r d  g r a n it e  

B a k k e , 0 s l f o ld  

G r a n it e

Id d e f jo r d  g r a n it e  

S k r iv e r ^ e n .

0 s l f o k l

G r a n it e

i- III

M V

3 - II 

3- 111 

3 - IV

115

1 0 0

170

120

120

210

188

107

91.7

(»0 .8

1 1 2 .3

1 5 1 .2  

1 5 9 .4  

1 7 1 .0

m ic r o c lin e .  q u a r t z ,  p la g io -  H y p a u t o -  

1 0 9 ,0  2 .0 1 2  0 .0 4  0 .8 0  c la s e ,  b io i i t c ,  m u s c o v it e  m o r p h

8 7 . 8  2 .0- 10 0 .0 1  0 .9 0  ( r a t h e r  r a r e ) ,  g a r n e t ,  g r a n u la r  

9- 1.3 2 .( ¡1 3  0 .7 0  0 .9 7  a p a t it e ,  z ir c o n .

m a g n e t it e ,  t i ia n it e  

m ic r o c lin e ,  q u a r t z ,  p la g io -  H y p a u t o -  

9 3 . 0  2.<»- 12 0 .3 9  0 .0 1  c la s e ,  b io t ile ,  m u s c o v it e  m o r p h

7 1 . 8  2 .0 1 2  0 .4 0  0 .8 2  (v e r y  r a r e ) ,  m a g n e t it e ,  g r a n u la r  

7 5 . 2  2 .0 4 3  0 .1 7  0 .0 2  g a r n e t ,  a p a t it e ,  z ir c o n .

e p k lo t e ,  t i t a n it e ,

(k a o lin e ? ) .  s e r ic ite , 

c a lc ile  (v e r y  r a r e ) , 

c h lo r it e ,  le u k o x c n e

m o r p h

g r a n u la r

S l^ r c n  g r a n ile S- I 1 3 .7 1 2 9 .3 281 3 31 1 0 G .8 2 .0 9 2 0 .3 0 0 .7 0 p la g io c la s e , q u a r lz .  micr o -

S l0 r c n , S o u t h S - II 2 1 .5 1 2 8 .3 3 5 0 3 2 2 2 0 9 7 1 3 2 .6 2 .0 8 9 0 .2 3 0 .0 3 c lin e , b io t it e ,  a m p h i ­

T r ^ n d e la g S - III 1 9 . 5 1 5 0 .4 1- 10 1 3 1 .5 3 1 2 3 .8 2 .0 9 3 0 .3 8 0 .7 0 b o le ,  t i la n it e .  z ir c o n .

T o n a li t e  ( q u a r lz S - IV 1 0 . -I 1 1 7 .7 2 5 3 2 5 9 1 2 7 .0 2 .0 9 0 0 .2 8 0 .0 5 a p a t it e ,  m a g n e t it e .

d io r ile ) e p id o t e ,  s e r ic it e

T o lg a  g r a n ile T - I - ló 9 0 . 0 9 1 .1 2 .0 7 2 0 .3 7 0 .7 4 p la g io c la s e , q u a r lz ,  mic ro -

T o lg a , I le d m a r k T - II •12 .0 1 0 0 .4 185 2 00 8 2 .4 2 .0 7 0 0 .3 0 0 .0 7 c lin e  ( r a r e ) ,  b io t i t e .

Q u a r lz  d io r it e T - III •12 .2 1 1 1 .0 179 179 7 9 . 8 2 .0 7 2 0 .0 0 0 .9 0 a m p h ib o le ,  a p a t it e ,

( t o n a lit e ) T - 1 V •17 .7 1 2 0 .4 2 1 0 8 4 .4 2 .0 7 2 0 .4 0 0 .0 7 z ir c o n . m a g n e t it e ,

m o r p h

g r a n u la r

l i t a n iie ,  z o ic iic
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T A U L l ì  I ( con tin u ed )

T r a d e  n a m e , 

L o c a li t y ,  

P é t r o g r a p h ie  n a m e

k . p e r m e ­

a b ili t y ,  

c m / s e c  

X  10»°

■Esd

M p / s q . c m .

E d j

M p / s q . c m .

E D nv

M p / s q . c n

C r u s h in g  

s t r e n g t h  

i .  k g / s q .c m .

T ,

s p lit t in g

t e n s ile

s t r e n g t h

k g / s q .c m .

y > o  C  

g r a m /  

c u  c m

S w e llin g  p o r o s it y  

p e r c e n t  p e r c e n t  

v o l.  v o l.

M in e r a l

c o m p o s it io n T e x t u r e

S o g n e f jo r d  g r a n it e 4- 1 2 1 . 6 1 7 9 .1 1 58 15G 1 4 9 .5 2 .G 4 3 0 .4 4 0 .7 6 p la g io c la s e , q u a r t z ,  mic r o - H y p a u t o -

K in s e d a l 4 - II 2 7 .3 1 5 7 .0 20G 2 0 7 2 7 7 2 1 6 1 .8 2 .6 4 3 0 .6 1 0 .9 2 c lin e , b io t it e ,  m u s c o v it e m o r p h

G r a n o d io r it e 4 - 111 2 5 .0 1 3 4 .G 1 24 9 2 .y 1 5 1 .0 2 .G 4 2 0 .5 0 0 .7 9 (v e r y  r a r e ) ,  t i t a n it e . g r a n u la r

4 - IV 2 1 .5 1 3 9 .3 195 1 69 1 1 9 .5 2 .  G40 0 .3 G 0 .8 4 z ir c o n , m a g n e t i t e ,

a lla n it e ,  a p a t it e .

s e c o n d a r y  s e r ic ite  a n d

le u k o x e n e

B lu e  P e a r l, 1- 1 1 1 .1 1 5 8 .0 3 9 4 3 4 9 8 5 .3 2 .7 3 7 0 .1 0 0 .1 0 fe ld s p a r ,  a u g it e ,  b io t it e . C o a r s e ­

L ig h t  L a b r a d o r 1- 11 1 0 .6 2 5 8 .0 2 7 7 2 3 0 1S48 1 3 4 .7 2 .7 3 9 0 .0 0 0 .1 2 a p a t it e ,  i lm e n it e , g r a in e d

T v e d a ls b r u d d e t 1- 111 1 1 .0 1 8 4 .0 3 9 8 38G 12 6 9 .5 2 .7 3 4 0 .0 8 0 .0 6 t i t a n it e .  z ir c o n ,

H e ia ,  B r u n la n e s 1 - IV 1 2 .7 1 9 4 .0 4 3 4 4 1 9 8 G .7 2 .7 2 0 0 .0 3 0 .0 7 Ru s p a t e

L a r v ik it e

E m e r a ld  P e a r l, 2- 1 3 3 . 7 1 5 2 .8 4 1 5 4 0 3 1 0 9 .5 2 .7 1 2 0 .0 0 0 .4 2 fe ld s p a r ,  a u g it e ,  b io t it e , C o a r s e ­

D a r k  L a b r a d o r 2 - II 1 4 .G 1 0 7 .5 29G 2 8 9 1 2 0 2 9 4 . 4 2 .7 1 3 0 .1 7 0 .4 0 a p a t it e ,  m a g n e t i t e . g r a in e d

H a s le b r u d d e t 2 - 1 II 1 9 .6 1 9 3 .0 1 29 1G1 13 9 7 . 8 2 .7 1 1 0 .1 2 0 .5 3 t it a n it e ,  z ir c o n .

T j^ ll in g , V e s t fo k 1 2 - IV 1 8 .6 1 7 7 .3 9 9 . 0 2 .7 0 G 0 .1 5 0 .5 3 flu s p a t e

L a r v ik it e

F - I 3 . 0 « 6 3 . 0 1 8 3 .5 2 .7 1 0 0 .4 1 0 .7 2

F - II 1 .0 3 1 0 2 .6 1 5 1 .0 2 .G 9 8 0 .4 4 0 .7 7

F - III 3 .4 1

F - IV 1 .6 3 1 5 1 .5 2 9 6 2 1 2 1 41 .5 2 .6 9 1 0 .2 G 0 .4 9

F la m m e g n e is s F - V 7 .9 3 2 3 5 .0 1 9 4 .4 2 .7 3 2 0 .4 1 0 .7 5 q u a r t z ,  p la g io c la s e , m ic r o - L e p id o -

S k je b e r g , Is e F - V I 2 .4 1 1 6 1 .0 (1 1 3 0 ) 1 3 8 .2 2 .7 3 3 0 .2 6 0 .4 3 c lin e , b io t it e .  m u s c o v it e ,  b la s t ic

n e a r S a r p s b o r g F - V II 1 .7 7 1 7 7 .3 169 H v a le r 1 7 7 .0 2 .7 3 0 0 .1 9 0 .4 0 c h lo r it e ,  t it a n it e , (g n e is s y )

0 s t fo ld F - V III 2 .4 G 1 3 3 .5 3 0 7 1 2 7 .7 2 .7 2 4 0 .3 2 0 .5 0 a p a t it e ,  z ir c o n ,

B io t ite - m u s c o - m a g n e t it e ,  p y r it e s

v it e  g n e is s F T - V 2 0 .2 1 8 5 .5 1 9 7 .5 2 .7 0 8 0 .4 3 0 .5 9

F T - V I 9 .2 G

F T - V II 4 .4 7 1 4 8 .6 2 4 2 2 3 0 1 4 7 .5 2 .7 1 6 0 .3 3 0 .4 0

F T - V III 9 .2 7 8 9 .4 2 3 0 .5 2 .7 0 7 0 .4 1 0 .6 3

T j^ t t a  m a r b le T 0 - I 1 72 1 2 5 .0 1 92 2 81 G81 4 4 .2 2 .7 1 7 0 .8 3 0 .9 4 c a lc it e  ( q u a r t z ,  p y r it e ) G r a n u la r ,

T j0 t t a ,  N 'o r d la n d T 0 - II 1 2 8 1 6 3 .6 1 2 1 .1 2 .7 0 8 0 .7 1 0 .9 7 r a r e a n h e d r ic ,

M a r b le T  0 - I I I 1 75 KM». 9 2 6 4 2 4 4 5 5 .3 2 .7 0 8 0 .5 7 0 .7 3 g r a in  s ize

T 0 - IV 1 50 1 1 0 - 0 3 .1 2 .7 0 3 0 .9 9 1 .4 0 fr o m

0 .1  X  0 .1

m m  u p  t o

1 X  0 .8

m m

H o v e  m a r b le H - I G. 3 4 6 9 . 0 2 19 2G1 (1 1 5 2 ) 8 0 . 7 2 .7 3 8 0 .4 8 0 .6 3 d if fe r e n t  t y p e s  o f  c a r -  M ic r o -

M a r b le  (b r e c c ia ) H - II 1 0 . 6 7 3 .9 2 2 2 7 3 . 0 2 .7 3 3 0 .5 3 0 .8 6 b o n a t e  p a r t ic le s  v a r y ­ b r e c c ia t e d

H - 1 II 1 1 .5 8 3 . 5 1 1 2 1 2 . 5 2 .7 3 4 0 .2 4 0 .5 2 in g  in  t e x t u r e  a n d (r e c r y s t a l-

H - 1 V 2 9 .2 7 0 . 9 199 1 4 .3 5 2 .7 2 4 0 .3 6 0 .4 7 s ize liz e d )

O t t a - s c h is t O- I 1 .7 0 7 3 . 2 3 6 2 3 10 2 6 5 .5 2 .8 4 0 0 .4 7 0 .7 7 q u a r t z ,  b io t it e ,  m u s c o v it e ,

B r u d d  D a m - O - II 1 3 . 4 5 7 .4 2 2 G .0 2 .8 1 1 0 .G 3 0 .6 4 m a g n e t i t e ,  p y r it e s ,  S c h is t o u s

d o k k e n O - III 1 .3 0 1 7 3 .3 3 4 3 .5 2 .6 2 6 0 .2 3 0 .5 5 lu r m a lin e , t it a n it e , p o r p h y r o -

B e k k e s t e n O - IV 1 1 .2 2 3 5 .0 3 4 8 .5 2 .8 2 1 0 .6 6 0 .7 2 a p a t it e ,  z ir c o n . b la s t ic

N a v n l^ s b e r g P o r p h y r b la s t s o f

Q u a r t z - b io t it e - a c t in o li t ic  a m p h ib o le

m u s c o v it e - p h y llit e a n d  g a r n e t

( m ic a  s c h is t )

O p d a lq u a r t z i t e O p - I 1 1 .6 q u a r t z ,  a lb it e ,  e p id o t e , G r a n u la r

O p d a l,  S0r - O p - II 7 . 8 m ic r o c lin e ,  h e m a t it e . le p id o -

T r ^ n d e la g O p - III 1 3 . 3 m u s c o v it e ,  r u t ile b la s t ic

Q u a r t z it e O p - IV 5 .9

Op - V 5 .9 5

O p - V I 2 6 . 0

O p - V II 2 9 .8

O p - V III 2 1 .7

A l t a  q u a r t z it e A- I 2 .1 1 q u a r t z ,  o lig o c la s e , m ic r o ­ L e p id o -

A l t a ,  F in n m a r k A - II 1 .4 G c lin e , e p id o t e ,  t it a n it e . b la s t ic

Q u a r t z it e A - I 11 0 .3 8 d o lo m it e ,  m a g n e t i t e

1 1 0



c o m p ile d  f r o m  t h e  lit e r a t u r e  ( V o g t ,  1 9 4 9 )  a n d  a d d e d  fo r  

c o m p a r is o n . A l l  r o c k s  h a v e  b e e n  m ic r o s c o p ic a lly  in v e s t i ­

g a t e d .

T h e  f o llo w in g  c o n c lu s io n s  m a y  b e  d r a w n :

1. T h e  p e r m e a b ilit y  o f  s e e m in g ly  d e n s e  r o c k s  fr e e  f r o m  

v is ib le  c r a c k s  m a y  v a r y  b y  a  fa c t o r  o f  1 0 0  o r  m o r e .

2 . T h e  e la s t ic  p r o p e r t ie s  o f  t h e  r o c k s  d o  n o t  s e e m  to  

c o r r e s p o n d  t o  t h e  H o o k  m o d e l,  b u t  a r e  c lo s e r  t o  a  K e lv in  

V o ig t  b o d y .

3 . T h e  s a t u r a t e d  s a m p le s  h a v e  lo w e r  e la s t ic  m o d u li  t h a n  

t h e  d r y  one s .

4 . S w e llin g  o r  s h r in k a g e  m a y  be  c o n s id e r a b le  a n d  s e e m  

t o  b e  s o m e w h a t  r e la te d  t o  t h e  p o r o s it y .
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