
MICRO STRUCTURES



CLEVAGE, FOLIATION & LINEATION   



Foliation:

 “It is the property of rocks whereby they break along

   approximately  parallel surface”

 Primary: inherited from the time of their formation.

➢Bedding fissility  –   Parallel to stratification caused by the platy & elongated   

        grains in sedimentary rocks

➢Primary foliation --- Caused due to rock flowage in igneous rocks.

 Secondary:         Due to metamorphism in metamorphic rocks.







Cleavage:    

➢Also called as rock cleavage – it is the property of the rocks 

   where by they break along parallel surfaces (eg. Slate)

➢In general they are oblique / inclined to primary bedding, some 

   time  they are parallel to bedding as well.

Schistosity:  

 Variety of rock cleavage found in sufficiently recrystallised 

              rocks  (eg. Schists)



Structural development of rock strain



Cleavage formation



TYPES OF CLEVAGES / SCHISTOSITIES:

➢Slaty cleavage or schistosity

➢Fracture cleavage

➢Shear cleavage

➢Slip cleavage

➢Bedding cleavage

➢Axial plane cleavage.





Slaty cleavage or schistosity:

Slaty cleavage

Parallel arrangement of 
➢ Platy minerals of mica and chlorite

➢ Ellipsoidal minerals such as quartz and feldspar

➢ Elongate minerals like hornblende, actinolite, tremolite 

Their long axis lie in perpendicular direction to the force.

Rock can be split into an indefinite number of thin sheets.
➢ Slaty cleavage in less metamorphosed rocks

➢ Schistosity in more metamorphosed rocks

Schistosity is called as “Continuous cleavage”

➢Cleavage is the result of rock flowage

➢Rock is shortened perpendicular ti cleavage and lengthened

   parallel to the cleavage

➢Rotation of flaky and needle minerals parallel to the 

   cleavage surface

➢Greater the deformation more is the rotation

➢Flatening and as well as crystalisation alon the cleavage.







Fracture cleavage:

➢ Closely spaced cleavage

➢ Minerals in the rocks are not parallel to the cleavage

➢ Spacing is few millimeter to centimeter

➢ If spacing exceeds few centimeters , it is called Joint

➢ It is also called as  “Spaced Cleavage”

➢ It is the Phenomenon of shearing

➢ Cleavage is inclined to the greatest principle stress axis 

       with 30 degree.





Shear cleavage:

It is a fracture cleavage as well along which there has been 

displacement.

Minor drag develop near to cleavage.



Slip cleavage:

➢Also called as strain-slip cleavage or crenulation cleavage

➢Cleavage associated with small crinkles

➢Shorter limb having maximum thinning and it is the plane of      

   weakness.

➢Earlier formed schistosity only thrown into crinckles.

➢Crinckles developed due the force perpendicular to the plane 

   normal to the schistosity.

➢Assymetrical crinckle due to couple force acting parallel to 

   schistosity.

➢Mica flakes are rotated to this weak plane pof the axial plane of 

   crinkles.

➢Displacement takes place along this cleavage.



Cleavage formation









Bedding cleavage:

➢Cleavage or schistosity is parallel to the bedding may be due to

➢In Isoclinal folding – Cleavage parallel to the bedding in the limbs

➢Mimetic recrystalisation – schistosity parallel to the hinge of the fold

➢Rock flowage parallel to the bedding – Pebble flattening due to layer 

   stretching, shortening takes place perpendicular to bedding and    

   flow cleavage develop parallel to bedding – bedding cleavage 



CLEAVAGE BANDING:

 In a Sand stone and Shale intercalate layer – due to high degree of 

deformation squeezing of plastic shale into the inclined planes of 

cleavage that give rise to once again an intercalation appearance but 

along the cleavage orientation

Some time during the deformation and metamorphism the metamorphic 

fluids come and occupy the cleavage which finally look like banding.







METAMORPHIC BANDING

Due to very high grade metamorphism the dark and light colour 

minerals segregate together and give rise banding appearance which 

is called metamorphic or segregation banding.



RELATION OF CLEVAGE AND SCHISTOSITY TO MAJOR STRUCTURES:

Cleavage and schistosity bear a cosnsistant relationship to the major 

structures

Because folds and cleavage developed under the same forces 

(compressive force)



Stratigraphy establishment:

➢Clevage vertical – right side up  - axial plane vertical and parallel

➢Cleavage dips in the same direction of bedding dip – right side up – 

   synclinal axis is in the same direction of bed dip

➢If the bedding is vertical  - right side up – synclinal axis is in the 

   opposite direction to that of cleavage dip

➢If the cleavage is gentler than the bedding dip – upside down – 

   over turned limb – synclinal axis is in the opposite direction to that   

   of cleavage











LINEATION



Lineation:

 Is the result of the parallelism of some 

directorial property in the rock such as the 

long axis of Hornblende crystals. Platy 

minerals or spherical grains may be strung 

out in lines to produce lineation.



Lineation Types:

   Igneous Rock   

 Primary 

    Sedimentary Rocks

 Secondary - Metamorphic Rocks

➔It may  occur with or without foliation

➔A rock without cleavage or schistosity may possess 

    lineation

➔Commonly this secondary lineation is associated with 

    foliation and lies in the plane of foliation



Kinds of Lineation

➢Pebble lineation

➢Intersection lineation

➢Slickenside

➢Bundinage or sausage 

➢Mullion structures

  
Fold axes are commonly considered to 

 be the lineation

  

The attitude of the fold axis is often the 

 reference to which other lineations are   

           Compared

















Conformity structures related to

 Igneous Intrusion



Igneous intrusion due to mobility and forcible injection 

into the higher level due to squeezing.

 Intrusion
 

  Batholiths

  Stocks

  Tongues and apophyses



Surface Character

➢Doming up of the surrounding rock

➢Encircling nature of foliation

➢Mostly discordant relation to the surrounding rock

➢Local Conformity

➢Fragments of surrounding rocks into the intruded 

   bodies as softs and Xenoliths

➢Tongues and Apophyses of intrusive body with 

   surround country rock

➢Radial & Concentric fractures / faults.

➢Drag effect (anticline and syncline)







Sills    - Parallel structures

Dyke    - Discordant

Laccoliths   - Doming up of the upper layer

Bysmoliths - roof was uplifted along a arcuate / 

              circular fault.

Lopoliths   - Intruded into structural bearing

Phacoliths   - Intruded into structural Domes.





























DIAPIRSDIAPIRS

DIAPIRS
➢ A diapir or piecement structure results from the upward intrusion of a 

more light material into/through overlying strata. 

➢ As ancient seas evaporated they left salt deposits that were buried by 

sediment.

➢ The salt deposits were less dense than overlying rock the buoyant mass 

of salt ballooned upward, intruding into the overlying rocks through 

weak spots, the intruding “salt bubble” is called a salt diaper.

➢ The flow may be produced by gravitational forces (heavy rocks causing 

underlying lighter rocks to rise), tectonic forces (mobile rocks being 

squeezed through less mobile rocks by lateral stress), or a combination 

of both. Diapirs may take the shape of domes, waves, mushrooms, 

teardrops, or dikes



 Diapir - Structure

  Diapiric - Force

  Diapirism - Process

All derived from Greek work – “DIAPERIGN” – Meaning “To Pierce 

through”

 

➢ Concept was originally confined to injection of Sedimentary strata

➢ The rocks commonly involved are evaporites (rock salt, gypsum,                                                               

 anhydrite) Shale and Serpentine

➢ Concept gradually expended to include all type of piercement including 

        Magmatic Injection

 Salt Diapir           - Due to density contrast and Buoyancy 

  

 Igneous Diapir - Mostly due to emplacement by horizontal forces





Salt Dome / Evaporite Diapir

Chiefly consist of Halite (sometime anhydrite and gypsum)

Shape

➢Circular or elongate in plan with one to few miles

➢Walls dips steeply outward

➢Top may be flat or domical

➢Some are symmetrical with well dipping at same angle

➢Some walls may dip inward and some are over hanging or 

   mushrooms













Internal Structures 

➢  Vertical walls

➢  Ceilings show isoclinal, attenuated, refolded, faulted folds with 

     vertical plunge

➢  All the above folds are due to flowage

➢  Salt moved upward as lobes and spins a series of differential 

     movements so the complex flow folds are develops.



Origin
➢Intrusion of solid halite into surrounding sediments

➢Difference in density between salt and the overlying sediments

➢Rock salt has got uniform density (2.2 g/cm2) invariable of its 

   depth (but changes with amount of anhydrite and temperate)

➢But sediments (average density 1.9 to 2.2 g/cm2 upto 2000 feet)

➢But below 2000 feet sediment change its density progressively 

   to a value of 2.46 at 20,000 feet.

➢Under this unstable gravitational condition of density variation   

   at depth below a 2000 feet or so the salt tends to more upward 

   (similar to lighter fluid moves upward through heavier fluid)

➢This movements initiated where there is a minor anticlinal  

   flexure exist on top of the original salt bed.







SHEAR ZONE



SHEAR ZONE

  Shear zones are defined as planar or curvi 

planar zones of higher deformation which are long 

relative to their width (5:1) which are surrounded by 

rocks showing lower state of finite strain.



Types of Shear zone.

 Ductile Shear     -        Deformation state varies 

                   continuously from wall to wall 

        across  the zone.

 Brittle Shear     -         Walls are separated by a clearly 

                                               defined discontinuity of fracture           

                                               surface – (eg. Fault).

 Brittle–ductile Shear  - Where the tangential (wall 

                                                  parallel) movement along the  

                                                  Zone is associated with both        

                                                  ductile shearing and brittle  

                                                  fault.

In many regions the Ductile and Brittle - Ductile shear zones may be the 

deep level counterparts and brittle shear zones and faults seen at high 

level in the crust.



Recognition of Shear Zone

➢ An unusually regular layering of constant thickness.

➢ A straight linear shapes fabric in the plane of the 

layering

➢ Presence of isoclinal and sheeth folds in the layering 

with fold axes sub parallel to the lineation.





Shear Zone rocks
“MYLONITE”

 In the very coarse grained rock (Granite or Quartzite) the coarse 

grains are strained and drastic grain reduction takes place mainly 

through recrystallisation (large grains / Porphyroclasts / Residual 

mega crysts surrounded by fine grained matrix.)

Protomylonite     -          Mylonite     -      Ultramylonite

    Orthomylonite

   50:50    -   50 – 90 %     -      10  :   90 

     Matrix                          Matrix

                              

 

The process of grain refinement is often associated with extreme 

stretching along newly formed foliation.

Fabric – foliation and lineation

 

 S – C Fabric  S = Schistosity; C = Cisaillement 







CATACLASTITE:

Grain refinement is by the cataclastic process

Deformation is by sliding and rotation of grains

Protocataclastite –   Cataclastite –          Ultracataclastite 

               50 : 50      50 – 90 %  Matrix        10 : 90 Matrix

       

  Both Mylonite and Cataclastite are the product of 

Cohesive shear zone.



Non – Cohesive rocks ( Fault Breccia & Gouge)

 
Mainly produced by crushing on the fault surface

Fault breccia – large grains in a pulverized groundmass.

Gouge            – Extremely fine rock flour (fully pulverized 

                           material)



Pseudotachylite :

➢Developed from local melting due to frictional  

   heating

➢Angular rock fragments in a glassy matrix

➢Matrix might have undergone various degree of re – 

   crystallization but does not show any preferred 

   orientation of recrystallised grains 

➢Psudotachylite is considered important because it 

   is assumed that they are the indicators of ancient 

   earth quake at depth (Sibson 1975)

➢But association of psudotrachylite and mylonite 

   puts a ? to the above inference.

 Psudotrachylite – fault indicator (brittle faults)

 Mylonite             -- Shear zone indicator (Show 

                                                      plastic process)









Remote Sensing and GIS Based Mapping Techniques

Of Igneous intrusion and Diapir:

➢Surface manifestation of such domes need through understanding 

   and mapping

➢Doming up character need to be established by 

 Circular or arcuate trend lines and drainage

 Radiating drainages (Centrifugal)

 Radiating fractures / faults

 Central core represented by igneous / salt

 Circular or elongate shape

 Contrasting tonal variation

 Contrasting vegitational variation 

 Steep dip / qua-qua versal dip 


