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Abstract

Aggregate together with lime -  alkali paste (cement) forms the fundamental framework of any 
concrete structure. Presence of certain minerals and their forms destabilizes the concrete structures 
over a period of time. The main deleterious materials are certain forms of silica. Dolomite can 
also be a major deleterious material in the aggregates. These materials deleterious in the sense, 
they react with alkali hydroxides of the cement and cause expansion and cracking over a period 
of time. Reactive minerals and their forms can be identified by petrographic examination. 
Petrographic detection of deleterious minerals in aggregates is cost effective; can be done with in 
a short time and can be performed as a first step to screen the aggregates for concretes before 
proceeding for elaborate tests.

Introduction

Certain minerals and their forms which are 
part and parcel of rocks can be deleterious 
by their mere presence it self in the sense 
they react with lime -alkali paste with which 
a rock aggregate is mixed over a period of 
time the time taken could be few years to 
few tens of years depending on the material 
used and the climate in which the structure 
is subjected to.

The conditions required for reactions to take 
place are

•  High alkali containing cement.

•  A  reactive aggregate.

•  Presence of water.

In India as most of the aggregate used in the 
construction of concrete structures, barring 
Deccan basalts, mostly comes from granitic/ 
gneissic terrain, which bear poly phase 
deformational and metamorphic imprints, and 
the sedimentaries derived from them. Un 
deformed granite bodies have very restricted 
occurrence in India, which can generate ideal

aggregate  for concre te  structu res. 
Percentage of quartz in granitic/ gneisses 
ranges from 20% to 60%, which could have 
a bearing on in their suitability as aggregate, 
if the rock is deformed. If quartzites are to 
be used as aggregate , the problem  
com pounds because  the rock itse lf 
com prised  of quartz. In many case s  
apparently un- deformed- massive or weakly 
foliated rock body may have taken good 
amount of strain during its emplacement or 
subsequent to its emplacement due to 
compressional or tensional forces or a 
combination of two. Such deformational 
im prints pa rt icu la rly  haza rdous to 
construction industry are registered in quartz. 
Simple petrographic examination can aid in 
the detection of potentially deleterious or 
hazardous minerals and their forms and the 
quantity of hazardous material present in the 
rock meant to be aggregate. Therefore in 
the Indian context, the identification of reactive 
m inera ls  and the ir fo rm s by critica l 
petrographic evaluation techniques assume 
a greater importance.
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Petrog raph ic  de tection  of de le te rious 
m inerals and their form s

P o t e n t i a l l y  d e l e t e r i o u s  r e a c t i v e  s i l i c a  f o r m s  

in  a g g r e g a t e s  i n c l u d e ,  h i g h l y  s t r a i n e d  q u a r t z  

c r y s t a l s ,  a m o r p h o u s  s i l i c a  ( s i l i c a  g l a s s ) ,  

c r y p t o c r y s t a l l i n e  q u a r t z ,  m i c r o c r y s t a l l i n e ,  

c h e r t  a n d  o p a l .  In  g e n e r a l  s t r a i n e d  q u a r t z  is  

i d e n t i f i e d  b y  i t s  c h a r a c t e r i s t i c  u n u l a t o r y  

e x t i n c t i o n  u n d e r  p e t r o l o g i c a l  m i c r o s c o p e .  

A m o r p h o u s  s i l i c a  i s  n o n - c r y s t a l l i n e  s i l i c a ,  

w h i c h  i s  a l s o  c a l l e d  a s  s i l i c a  g l a s s .  T h i s  

a p p e a r s  d a r k  u n d e r  m i c r o s c o p e .  

C r y p t o c r y s t a l l i n e  q u a r t z  i s  i n c i p i e n t l y  

c r y s t a l l i z e d  s i l i c a ,  w h i c h  h a s  

i n d i s t i n g u i s h a b l e  s t r u c t u r e  u n d e r  

m i c r o s c o p e .  M i c r o c r y s t a l l i n e  q u a r t z  is  a  f o r m  

o f  q u a r t z  h a v i n g  e x t r e m e l y  f i n e -  g r a i n e d  

s t r u c t u r e ,  w h i c h  c a n  b e  e a s i l y  i d e n t i f i e d  

p e t r o g r a p h i c a l l y .  O p a l  i s  n a t u r a l l y  o c c u r r i n g  

h y d r o u s  s i l i c a .  I t  i s  c h a r a c t e r i z e d  b y  f i b r o u s  

s t r i c t u r e  u n d e r  m i c r o s c o p e  ( F i g - 8 ) .  

C h a l c e d o n y  is  n a m e  g i v e n  f o r  c o m p a c t  v a r i t y  

o f  s i l i c a ,  w h i c h  i s  c h a r e c t e r i s e d ,  b y  

s u b m i c r o s c o p i c  p o r e s .  C h e r t  is  o p a q u e  /  d u l l  

c o l o r e d  m i n u t e  s i l i c a ,  w h i c h  i s  p r e c i p i t a t e d  

f r o m  s o l u t i o n .  S i l i c a  g l a s s  c r y p t o c r y s t a l l i n e  

q u a r t z  a n d  m i c r o c r y s t a l l i n e  q u a r t z  a r e  

c o m m o n l y  p r e s e n t  i n  v o l c a n i c  r o c k  

a g g r e g a t e s .  F i n e - g r a i n e d  m i c a s  a n d  c h l o r i t e  

m a y  a l s o  c a u s e  A S R  ( W e s t  1 9 9 6 ) .  P r e s e n c e  

o f  d o l o m i t e  c a n  b e  k n o w n  b y  s t a i n i n g  

t e c h n i q u e s .  F i n e - g r a i n e d  p h y l l o s i l i c a t e s  a n d  

c h l o r i t e  c a n  b e  e a s i l y  d e t e c t e d  

p e t r o g r a p h i c a l l y .

T h e  r e a c t i o n  b e t w e e n  t h e  m a t e r i a l s  o f  

a g g r e g a t e  w i t h  a l k a l i s  is  k n o w n  a s  a l k a l i  -  

a g g r e g a t e  r e a c t i o n  a n d  i t  h a s  t w o  v a r i a n t s ,

a )  A l k a l i  -  S i l i c a  r e a c t i o n  ( A S R )  a n d  A l k a l i  -  

C a r b o n a t e  r e a c t i o n  ( A C R ) .  A p a r t  f r o m  m e r e  

p r e s e n c e  o f  r e a c t i v e  m a t e r i a l  s o m e  t e x t u r e s  

a l s o  m a y  e n h a n c e  t h e  p o s s i b i l i t y  o f  

r e a c t i o n s .  F o r  e x a m p l e s ,  m i c r o - f r a c t u r e s  / 

d i s l o c a t i o n s  a n d  s u b -  g r a i n s  i n c r e a s e s  t h e  

s o l u b i l i t y ,  a n d  h e n c e  t h e  r e a c t i v i t y .

A l k a l i  - C a r b o n a t e  r e a c t i o n  ( A C R )  a r e  

o b s e r v e d  in  d o l o m i t i c  r o c k s .  T h i s  o c c u r s  in  

i m p u r e  d o l o m i t e s  a n d  d o l o m i t i c  l i m e s t o n e s ,  

w h i c h  c o n t a i n  c e r t a i n  a m o u n t  o f  c l a y .  T h e

a l k a l i s  r e a c t  w i t h  d o l o m i t e  f o r m i n g  c a l c i t e  a n d  

b r u c i t e .  D e d o l o m i t i z a t i o n  o p e n s  m i c r o  c r a c k s  

a l l o w i n g  w a t e r  in  t o  t h e  s y s t e m ,  w h i c h  is  

a b s o r b e d  b y  c l a y  w h i c h  s w e l l s  a n d  c a u s e  

e x p a n s i o n  s i m i l a r  t o  A S R .  A C R  is  r e l a t i v e l y  

r a r e  b e c a u s e  a g g r e g a t e s  s u s c e p t i b l e  t o  A C R  

a r e  l e s s  c o m m o n  a n d  a l s o  t h e y  a r e  n o t  

s u i t a b l e  in  c o n c r e t e  f o r  o t h e r  r e a s o n s .  A C R  

c a n  g e n e r a l i s e d  a s  b e l o w .

C a M g  ( C 0 3 ) 2  +  N a O H  /  K 2 0  +  H 2 0  = 

M g ( 0 H ) 2  +  C a C o 3  +  N a 2 C 0 3

O f f  a l l ,  s t r a i n e d  q u a r t z  is  t h e  m o s t  u b i q u i t o u s  

r e a c t i v e  f o r m  o f  s i l i c a  a n d  A S R  is  o f  m o r e  

c o n c e r n  b e c a u s e  s i l i c a t e  a g g r e g a t e s  a r e  

m o r e  c o m m o n l y  u s e d  i n  t h e  c o n c r e t e  

s t r u c t u r e s .  In  A S R ,  a g g r e g a t e s  c o n t a i n i n g  

c e r t a i n  f o r m s  o f  s i l i c a  w i l l  r e a c t  w i t h  a l k a l i  

h y d r o x i d e s .  S i l i c a t e  a n i o n s  d e t a c h e d  f r o m  

t h e  r e a c t i v e  a g g r e g a t e  b y  h y d r o x y l  i o n s  f r o m  

t h e  m i c r o  p o r e  f l u i d s  a n d  a l k a l i  h y d r o x i d e s .  

S o d i u m  a n d  p o t a s s i u m  c a t i o n s  w i l l  b a l a n c e  

t h e  s i l i c a t e  a n i o n s  a n d  f o r m  a l k a l i  s i l i c a t e  

g e l .  T h i s  a l k a l i -  s i l i c a t e  g e l  s w e l l s  a s  i t  

a b s o r b s  w a t e r  a n d  i n c r e a s e s  in  v o l u m e .  

E x p a n s i v e  p r e s s u r e  g e n e r a t e d  b y  t h e  s w e l l i n g  

g e l  r u p t u r e s  t h e  c o n c r e t e  m a t r i x  a n d  

a g g r e g a t e  p a r t i c l e s  a n d  c a u s e s  c r a c k i n g  o f  

t h e  c o n c r e t e .  T h e  c r a c k i n g  in  t h e  c o n c r e t e  

t h e n  a l l o w s  m o r e  w a t e r  t o  i n f i l t r a t e  in  t o  t h e  

c o n c r e t e  c r e a t i n g  m o r e  g e l  a n d  m o r e  

e x p a n s i o n .  U l t i m a t e l y  t h e  c o n c r e t e  f a i l s  o r  

d i s i n t e g r a t e s  a n d  d e s t a b i l i z e  t h e  s t r u c t u r e s .  

T y p i c a l  i n d i c a t o r s  o f  t h e  A S R  a r e  r a n d o m  

c r a c k s  a n d  s p a l l e d  c o n c r e t e  e s p e c i a l l y  in  

m o i s t  a r e a s  o f  t h e  s t r u c t u r e .  T h e  g e n e r a l i z e d  

r e a c t i o n  c a n  b e  g i v e n  a s  b e l o w ,

S i 0 2  +  N a O H  /  K 2 0  +  H 2 0  =  N a 2 S i 0 3 , H 2 0  

/  K 2  S i 0 3 , H 2 0

A  m o d i f i e d  A S R  is  t h e  a l k a l i - s i l i c a t e  r e a c t i o n ;  

t h e  r e a c t i v e  c o n s t i t u e n t  in  t h e  a g g r e g a t e  is  

s i l i c a  p r e s e n t  in  t h e  c o m b i n e d  f o r m  o f  f i n e 

g r a i n e d  m i c a s  a n d  c h l o r i t e

S t r a i n e d  q u a r t z  i s  i d e n t i f i e d  b y  i t s  

c h a r a c t e r i s t i c  u n d u l a t o r y  e x t i n c t i o n  u n d e r  

p e t r o l o g i c a l  m i c r o s c o p e .  I f  a  r o c k  c o n t a i n i n g  

q u a r t z  i s  d e f o r m e d ,  c r y s t a l  l a t t i c e  a r e  b e n t  

a s  c o n s e q u e n t  c r y s t a l l o g r a p h i c  p l a n e s  a l s o



Photomicrographs of strained quartz grains

F ig . 1: Q u a r t z  c ry s ta l  d e p ic t in g  s u b g r a in  fo r m a  

t ion  a lo n g  p e r ip h e r y  ( f ie ld  v ie w  2m m )

Fig. 2: Q u a r t z  c ry s ta l  d e p ic t in g  d e fo r m a t io n a l  b a n d s  

( fie ld  v ie w  1 .5  m m )

F ig .  3:  D e f o r m e d  a n d  r o ta te d  q u a r t z  g r a in  ( f ie ld  p |g  4 Q e f o rm e d  a n d  s t r e t c h e d  q u a r t z  g r a in s  
v ie w  2 m m )

F ig .  5: D e f o r m e d  q u a r t z  g r a in s  d e p i c t i n g  g r a n u -  F ig .  6 ; Q u a r t z  g r a i n  s h o w i n g  g r a n u l a t e d  g r a in  

la te d  g ra in  b o u n d a r y  b o u n d a r y



F i g . 7  Q u a r t z  g r a i n  s h o w i n g  g r a n u l a t e d  a n d  
r e c r y s ta l l i e d  g r a in  b o u n d a r y

a s s u m e  c u r v a t u r e .  T h e  c u r v e d  

c r y s t a l l o g r a p h i c  p l a n e s  c a u s e  t h e  c o n s t a n t  

v a r i a t i o n  o f  t h e  e x t i n c t i o n  a c r o s s  t h e  g r a i n .  

T h i s  i s  o p t i c a l l y  e x p r e s s e d  a s  u n d u l o s e  / 

u n d u l a t o r y  e x t i n c t i o n .  S t r e t c h i n g  a n d  

r e c r y s t a l l i s a t i o n  r e s u l t i n g  in  f o r m a t i o n  o f  s u b 

g r a i n s ,  p r e s e n c e  o f  d e f o r m a t i o n a l  b a n d s  

( F i g 1 - 7 )  a r e  u s u a l  f e a t u r e s ,  w h i c h  i n d i c a t e  

s t r a i n e d  q u a r t z .  B i  a x i a l  c h a r a c t e r  o f  q u a r t z  

is  a l s o  a n  i n d i c a t o r  t h a t  t h e  q u a r t z  is  s t r a i n e d  

( D e e r  e t a ! . ,  1 9 9 2 )

R o c k s  c o n t a i n i n g  m o r e  t h a n  3 0 %  o f  h i g h l y  

s t r a i n e d  q u a r t z  a r e  c o n s i d e r e d  a s  p o t e n t i a l l y  

r e a c t i v e .  ( D o l a r  &  M a n t u a n i ,  1 9 8 3 } .  T h e  

p r o b l e m  l i e s  in  t h e  q u a n t i f i c a t i o n  o f  a m o u n t  

o f  s t r a i n  t h e  q u a r t z  h a s  t a k e n .  D e f o r m a t i o n  

i n  a  r o c k  b o d y  i s  n e v e r  a  h o m o g e n o u s  

p h e n o m e n o n  a n d  v a r i e s  p l a c e  t o  p l a c e  f r o m  

m e s o s c o p i c  ( o u t c r o p  s c a l e )  t o  m i c r o s c o p i c  

s c a l e  ( g r a i n  s c a l e ) .  H e n c e  t h e  s e l e c t i o n  o f  

p r o p e r  r e p r e s e n t a t i v e  s a m p l e  o f  r o c k  b o d y  

m e a n t  t o  b e  a g g r e g a t e  i s  v e r y  i m p o r t a n t .  

E q u a l l y  i m p o r t a n t  is  t h e  s t u d y  o f  s t r a i n  in  

t h i n  s e c t i o n  o f  a  r o c k .  In  v i e w  o f  t h e  g r a i n  

s c a l e  i n h o m o g e n i t y  o f  t h e  s t r a i n  a c c u m u l a t e d  

a v e r a g e  u n d u l a t o r y  e x t i n c t i o n  o f  t h e  q u a r t z  

g r a i n s  is  o b t a i n e d .

I n t e n s i t y  o f  s t r a i n  c a n  b e  k n o w n  b y  m e a s u r i n g  

a p p e a r a n c e  a n d  d i s a p p e a r a n c e  o f  f i r s t ,  l a s t  

s t r a i n  s h a d o w s  r e s p e c t i v e l y ,  c o u p l e d  w i t h  

p o s i t i o n  o f  m a x i m u m  e x t i n c t i o n .  Q u a r t z  is  

c o n s i d e r e d  a s  h i g h l y  s t r a i n e d  i f  t h e  a v e r a g e  

u n d u l a t o r y  e x t i n c t i o n  a n g l e  o b t a i n e d  f r o m  a t  

l e a s t  20 s e p a r a t e  q u a r t z  g r a i n s  ( w h o s e  c -

F ig .8 P h o to m ic r o g r a p h  o f  o p a l

a x e s  a r e  p a r a l l e l  o r  n e a r l y  p a r a l l e l  t o  t h e  p l a n e  

o f  t h e  t h i n  s e c t i o n )  is  m o r e  t h a n  2 5 ° .  R o c k s  

c o n t a i n i n g  m o r e  t h a n  3 0 %  o f  h i g h l y  s t r a i n e d  

q u a r t z  a r e  c o n s i d e r e d  a s  p o t e n t i a l l y  r e a c t i v e .  

( D o l a r  &  M a n t u a n i ,  1 9 8 3 } .

F o r  t h e  p u r p o s e  o f  A S R ,  u n d u l a t o r y  e x t i n c t i o n  

o f  s t r a i n e d  q u a r t z  is  m e a s u r e d  b y  t h e  m e t h o d  

p r o p o s e d  b y  D o l a r  &  M a n t u a n i ,  1 9 8 3  in  w h i c h  

f o u r  r e a d i n g s  o f  m i c r o s c o p e  s t a g e  a r e  t a k e n .

•  A p p e a r a n c e  o f  f i r s t  e x t i n c t i o n  s h a d o w :  

A

•  P o s i t i o n  o f  f i r s t  m a x i m u m  e x t i n c t i o n :  B

•  P o s i t i o n  o f  l a s t  m a x i m u m  e x t i n c t i o n :  C

•  D i s a p p e a r a n c e  o f  l a s t  e x t i n c t i o n  s h a d o w :  

D

T h e  u n d u l a t o r y  e x t i n c t i o n  i s  c a l c u l a t e d  b y :  

( C - A )  +  D - B ) / 2

S o m e  w o r k e r s  h a v e  d i s p u t e d  t h e  D o l a r  &  

M a n t u a n i  m e t h o d  o f  m e a s u r i n g  u n d u l a t o r y  

e x t i n c t i o n  a n d  i t s  r e p r o d u c i b i l i t y  a s  S m i t h  &  

D u n h a m  ( 1 9 8 9 )  a n d  A n d e r s o n  &  T h a l o w  

( 1 9 8 9 ) .  T h e  f a c t  t h a t  u n d u l a t o r y  e x t i n c t i o n  is  

c a u s e d  b y  s t r a i n  i s  i n d i s p u t a b l e .  U n d u l a t o r y  

e x t i n c t i o n  h a s  b e e n  p r o d u c e d  e x p e r i m e n t a l l y  

a t  p r e s s u r e s  o f  a b o u t  1 3 8  k b  ( D e e r  e t  a l . ,  

1 9 9 2 )

I n t e r  g r o w t h  t e x t u r e s  a r e  a l s o  s i t e d  a s  

p o s s i b l e  c a u s e s  f o r  A S R .  G r a n u l a t i o n  o f  

q u a r t z  t o g e t h e r  w i t h  t h e  p r e s e n c e  o f  q u a r t z  

f e l d s p a r  i n t e r  g r o w t h s  a r e  s i t e d  a s  p o s s i b l e  

f a c t o r s  f o r  A S R  in  s o m e  g r a n i t i c  r o c k s  f r o m



I n d i a .  ( R a o  &  S i n h a , 1 9 8 9 ) .  R o l e  o f  h i g h l y  

k a o l i n i s e d  a n d  s e r i c i t i s e d  f e l d s p a r  r e s u l t i n g  

d u e  t o  d i u r e t i c  a l t e r a t i o n s  d u r i n g  l a t e  s t a g e s  

o f  i g n e o u s  c r y s t a l l i s a t i o n  in  r e a c t i o n s  a l s o  

n e e d s  t o  b e  i n v e s t i g a t e d .

A u t h o r s  o p i n e  t h a t  p e t r o g r a p h i c  d e t e c t i o n  o f  

d e l e t e r i o u s  m i n e r a l s  a n d  t h e i r  f o r m s  is  s t i l l  

r e l e v a n t  a n d  D o l a r  &  M a n t u a n i  m e t h o d  o f  

q u a n t i f y i n g  t h e  s t r a i n i n g  in  q u a r t z  is  m o s t  

p r a c t i c a b l e .  P e t r o g r a p h i c  e v a l u a t i o n  o f  

a g g r e g a t e s  i s  l e s s  t i m e  c o n s u m i n g  a n d  c o s t  

e f f e c t i v e  a t  l e a s t  a s  a  m a n d a t o r y  f i r s t  l e v e l  o r  

p r e l i m i n a r y  s c r e e n i n g  o f  t h e  a g g r e g a t e s .
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