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Abstract 

           The coal bearing Tikak Parbat Formation of Barail Group(Oligocene) is well exposed in the Makum 

Coal basin, North Eastern India and dominantly composed of well bedded, medium to fine grained 

sandstone, alternation of siltstone, claystone, shale and coal, carbonaceous shale. Seven laterally and 

vertically interrelated lithofacies types have been recognized i.e. A=Se, B=Sp/St, C=Sr, D=Fl, E=Fsc, 

F=Fcf, G=C. Markov chains and entropy analysis have been applied statistically on vertical transitions of 

facies in surface and subsurface data of the tikak Parbat succession from three mine areas and thirty three 

boreholes. 

         The present study indicates that the field sections contain fining upward cycles and the facies states 

have a tendency to localize the transition path towards overbank proximal back swamp environment. The 

study also reveals that in some of the sections, the depositional process may conform to the first order 

mathematical model of Markov chain with a short lived memory that extends back one step; but in other 

sections the successions represents an independent event process with no first order memory. In borehole 

logs, incomplete fining upward sequence have been observed, although fairly two cyclic patterns of in-

channel and overbank environment are recognized. Both the field as well as borehole sections in general 

show a pattern of A-4 type i.e an asymmetric cyclic succession model. The broad depositional environment 

as envisaged from entropy analysis was probably a near shore environment with interplay of fluvial 

processes. 

 

KEY WORDS: lithologic succession, Markov matrices, entropy, Tikak Parbat Formation, Makum Coal 

basin, NE India 

 

1. INTRODUCTION 

         The  Makum  Coal basin  is located in Upper Assam of North Eastern India and extends  in  a  

northeast – southwest  direction  for  about  30  km  from  Namdang hills   in  the  southwest  to  near  

Jairampur  ( 27°20′: 96°01′)  in  the  northeast   and  has  a  maximum  width  of  about  5  km ( Raja Rao, 

1981 ). It  is  bounded  by  Latitudes:  27
o
 15′  -  27

o
 20′  and  Longitudes  95

o
 40′  -  95

o
 52′ 30″  and  

included  in  the  Survey  of  India  toposheets  No.  83 M / 11  and  83 M / 15.  Geological  exploration  and  

mining  for  coal in this area  has  established  the  extension  and  continuation  of  Coal  Measures  of  

Barail  Group(Oligocene)  in  the  surface  and  subsurface. At  present , underground  mining  and  the  
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surface  mining  to  a  large scale  have  been  carried  out  at Namdang,  Baragolai ,  Ledo  ,  Tirap  and  

Tipong  collieries. However, the scrutiny of published literature and unpublished exploration reports reveals 

a real dearth of studies relating the subsurface observations directly to sedimentary facies models based on 

outcrop data.  

Numerous studies have shown that sedimentary sequences contain varietal assemblages of facies 

which are commonly cyclic and characteristic of particular sedimentary environments (Selley, 1970b; Dove 

ton, 1971; Walker, 1990; Miall, 1978; Hota & Maejima,2004; Hota & Sahoo,2009). In a depositional 

environment, the physical processes and random events advance side by side and as a result produce 

intricate patterns in lithologic successions observed in outcrops. It is appropriate therefore that sedimentary 

succession at individual localities be tested for such cyclic order on an objective and quantitative basis 

(Zeller, 1964; Schwarzacher, 1969). The present study is based on the outcrop and subsurface data of the 

Tikak Parbat Formation from three colliery areas and thirty three borehole logs in the Makum Coal basin. 

The detailed lithofacies analysis (Sarmah, 2004) of the litho-unit has indicated that a common feature in 

outcrop as well as in borehole logs is the presence of incomplete fining upward cycles; although fairly two 

discrete cyclic patterns of in-channel and overbank facies exist in a fluvial dominated deltaic system. Cyclic 

patterns and lithofacies variability in Tikak Parbat succession of Makum Coal basin has been studied by 

applying Markov matrices and entropy (Gingerich, 1969; Miall, 1973; Power & Easterling, 1982; Hattori, 

1976). The aim of this paper is to evaluate statistically cyclic characters and lithofacies organization and 

probability of transition from one facies to another and to recognize the broad depositional environment of 

the Tikak Parbat Formation in Makum Coal basin, Assam, India. 

 

2. LITHOSTRATIGRAPHY 

Geologically, the Tertiary rocks of the coalfield areas of Upper Assam and its adjoining foot- hills 

occur in a narrow linear overthrust zone which is referred to as a   “Belt of Schuppen” (Fig. 1). The Makum 

Coal basin, an integral part of this belt is disposed as isolated thrust slice bounded on the north by 

Margherita thrust and on the south by Halflong-Disang thrust. The Palaeogene-Neogene rocks well 

developed in the basin have been thrusted and folded due to several orogenic movements. The 

lithostratigraphic succession as developed in the study area is shown in Table- 1 (Sarmah, 1999). The coal 

bearing Barail Group mainly comprising of silisiclastic sedimentary rocks is classified in to three formations 

in ascending order: the Naogaon, Baragolai and Tikak Parbat Formations. The Tikak Parbat Formation can 

be subdivided in to lower Argillaceous Unit and upper Arenaceous unit on the basis of gross lithofacies 

character and association (Sarmah, 2004). The basal part of the Tikak Parbat succession with thick coal 

seams and finer clastic partings can be grouped as lower argillaceous facies. The upper part of Tikak Parbat 

Formation which houses thin coal seams shows an increase in major sandstone proportions along with 

interbedded sandstones in the alternation sequence. This lithlogic association can be termed as upper 

arenceous facies. 

 

3. METHODOLOGY 

The Markov chain analysis  offers  an  objective  approach  to  model discrete variables such as lithologies 

or facies (Krumbein  and  Dacey ,  1969 ;  Read ,  1969 ;  Selley , 1970 b ;  Harbaugh  and  Bonham  –  

Carter ,  1970 ;  Miall,1973; Casshyap ,  1975 ;  Allen ,  1982) . this method also offers a way to compare 

laterally juxtapositional tendencies of facies to those in vertical sections.  For  a  sequence  to  possess  the  

first – order  Markov  property ,   the   rock  type  at a point n depends  to  some  extent  on  the  rock  type  

observed  at  the proceeding point i.e. n-1( Kulatilake, 1987) .  If  the  lithologic  sequence  is  found  to  be  

governed  by  a Markovian  process,  the  next  logical  step  would  be  to  evaluate  the  degree  of   

randomness  within  the  Markov  chain  by  using  the  entropy  as  proposed  by  Hattori   (1976).  The  
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present  study  uses  an  indigenously  developed  computer  program (Ghosh ,  1989)  for  first – order  

Markov   chain  and  entropy  analysis .  

 

3.1 FACIES STATES    

           In  Markov  chain  analysis,  the  test  stratigraphic  sections  and  borehole  logs   are  codified  

according  to  a  limited  number  of  facies  states .  In the present study, the following seven facies states 

have been recognized in three sections and in thirty-three boreholes (Fig. 3).  

Lithofacies A: consisting of pebbly sandstones (intraclasts), with faint cross beds; deposited mainly by high-

velocity aqueous currents as channel – lag deposits. 

Lithofacies B: medium to fine grained sandstones, cross-bedded; interpreted as in-channel Facies formed by 

down-current migration of sand bars in low-sinuosity streams. 

Lithofacies C: mainly fine grained sandstones and interbedded siltstones and shale, characterized by small-

scale ripple lamination, formed in low-energy environment such as overbank. 

Lithofacies  D:  includes  alternations  of  irregularly  interbedded  fine  grained sandstones, siltstones and 

shale termed Rhythmites, an indicator of levee deposits. 

Lithofacies E:  constitutes clay, mud- stone, grayshale  which  are  mostly  finely laminated  to  occasionally  

massive  and  product  of suspension fallouts  of  overbank distalfacies  at  nearly  zero  energy  condition . 

Lithofacies  F:  i .e . carbonaceous  shale  and  Lithofacies  G:  i .e. coals  have  nearly absent  current  

structure  and  deposited  under  quite  - water  environment ,   are interpreted  as  backswamp ,  impure  and  

pure  organic  deposits  respectively . 

            For  borehole  logs ,  a  slightly  different  nomenclature  had  to  be  followed keeping  in  view  

Miall’s  facies  concept .   Medium  grained  sandstone  coded  as  A falls  under  Miall’s  Sp /  St  Facies  

and  equivalent  to  B  facies  of  sections .   C  facies of  sections  have  been  represented  by  B  equals  to  

fine  sandstone  equals  to  Sr  and C  equals  to  silt stone/fine sandstone/sandy shale/calcareous mudstone, 

equals to  Sl  in  boreholes. D,E,F,G of   sections  are  same  as  in  boreholes ,  where  D= Fl ,  E=Fsc ,  

F=Fcf  and  G=C of Miall (1978).  Limestone ,  marl  and   calcareous  mudstone  are  rarely  represented  

and  thus  have  not  been  included  in  the present  study . The borehole location plan of the study area is 

shown in Fig. 2. 

 

3.2 STRUCTURING DATA FOR MARKOV CHAIN ANALYSIS 

             There  are  basically  two  methods  of  structuring  data  from  actual  lithologic successions .   In  

the  first  method ,  termed  an  ‘ Embedded  Markov  matrix ’ ( Krumbein  and  Dacey ,  1969 ) ,  any  given  

facies  state  is  not  allowed  to  pass upward  into  the  same  state  so  that the observed transition matrix 

will contain zeros along the principal diagonal  (Fij =0). 

            In  the  second  method ,  termed  a  ‘ Regular  Markov  matrix ’  (Read, 1969),  a  stratigraphic  

section  is  sampled  repeatedly  along  a  line  normal  to  the  bedding plane .   If  the  sampling  interval  is  

smaller  than  the  bed – thickness,  the  same  facies state  may  be  observed  at  successive  points  and  the  

transition  matrix  will  have   non – zero  elements  along  the  principal  diagonal  (Fij  ≥ 0 ) . 

           In  the  present  study,  the  embedded  Markov  matrix  is  preferred  to  the  regular  Markov  matrix  

for  the  following  reasons : 

i. The  main  purpose  of  the  study  is  to  identify  an  actual  order,  if  any, in  facies  transition.  The  

fixed  interval  method  of  counting  attaches undue  importance  to  the  element  of   bed-thickness  

which  might  mask  the  actual  facies  change. 

ii. Selecting an appropriate sampling interval is problematic.  A  large interval  will  omit  thin  beds  

while  too  small  an  interval  will  introduce large  values  along  the  main  diagonal  creating  

difficulties  for  a  proper statistical  evaluation  of  ordering  in  the  sequence. 



European International Journal of Science and Technology     ISSN: 2304-9693   www.cekinfo.org.uk/EIJST 

 

 

44 

∑ ∑
= =

n

i

n

j j

ij
ij

SC

TP
F

1 1

)
.

ln(.2

iii. The  regular Markov model is applicable to those stratigraphic sequences where the  distribution  of  

bed-thickness  of  each  facies  is exponential (Krumbein  and  Dacey , 1969). Bed–thickness  is ,  

however,  more  commonly  distributed  log-normally  rather  than  exponentially.  

The data are collated and processed into transition count, transition probability, random probability, 

difference matrices (Table 2a-f & Table  3 a-f). 

 

3.1.1 TRANSITION FREQUENCY MATRIX (F) 

             As  mentioned  above ,  a  first – order  embedded  chain  matrix  is  structured  by  counting  

transition  from  one  facies  to  another ,  and  the  resulting  frequency  matrix  will  contain  zeros  along  

the  principal  diagonal ( Fij =0 ). 

 

3.1.2 UPWARD TRANSITION PROBABILITY MATRIX (P) 

           The  upward  transition  probability  matrix  pertains  to  the  upward  ordering  of  lithologies  in  a  

succession  and  is  calculated  in  the  following  manner :Pij = Fij / SRI  where SRi  is  the  corresponding  

row  total. 

 

3.1.3 DOWNWARD TRANSITION PROBABILITY MATRIX(Q) 

           Similar  to  the  upward  transition  probability  of  lithologies  a  downward  transition  probability (Q 

matrix) can also be determined by dividing each element of the transition  frequency  matrix  by  the  

corresponding  column  total ,  i.e.,  Qji  =  Fij  / SCj where  SCj  is  the  column  total . 

 

3.1.4 INDEPENDENT TRIALS MATRIX (R) 

         Assuming  that  the  sequence  of  rock  types  was  determined  randomly  an  independent  trials  

matrix  can  be  prepared  in  the  following  manner : Rij = C2 / N – C1  where C1 is the  column  total  of  

facies  state  F1 , C2  is  the  column  total  of  facies  state F2 , N  is  the  total number of transitions in the 

system. The diagonal cells are filled with zeros. 

 

3.1.5 DIFFERENCE MATRIX (D) 

         A  difference  matrix ( Dij = Pij – Rij )  is  calculated  which  highlights  those  transitions  that  have  a  

higher  or  lower  probability  of  occurring  than  if  the  sequence  were  random.  By  linking  positive  

values  of  the  difference  matrix ,  a  preferred  upward  path  of  facies  transitions  can  be  constructed  

which  can  be  interpreted  in  terms  of  depositional  processes  that  led  to  this  particular  arrangement  

of  facies (Read, 1969; Miall, 1973). 

 

3.1.6 EXPECTED FREQUENCY MATRIX (E) 

        It  is  necessary  to  construct  an  expected  frequency  matrix ,  E ,  since  a  statistician’s  rule of 

thumb states  that  chi – square  tests  should  only  be  applied  when  the  minimum expected frequency  in  

any  cell  exceeds  5 (Griffiths,1967,p.351).  The  matrix  of  expected  values  is  given  by  Eij = Rij . SRi . 

3.1.7 TESTS OF SIGNIFICANCE 

           The  observed  transition  frequency  matrix  can  be  tested  for  presence  of  a  first – order  Markov  

memory  by  employing  chi – square  tests .  Two  test  statistics  have  been  proposed .  Test  1 ,  known  as  

the  Pearson  statistics ( Gingerich ,  1969,  Hiscott ,  1981b ) ,  has  as  its  test  statistic 

  

X
2
 obs =                                    ………………….(1)   
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The  test  statistic  can  be  compared  with  the  distribution  of  values  for  a    chi – square  distribution  

with  n
2 

–2n  degree  of  freedom . 

           Test 2 , known  as  the  ‘maximum  likelihood  ratio  statistics’  (Harbaugh and Bonham–Carter ,  

1970  ;  Davis ,  1973  )  has  test  statistic 

 

X
2
 obs =                                             …………………………(2)           

 

Where  in  refers  to  a  natural  logarithm, T is the summation of  row  or  column  totals,  and  SCj  is  the  

column  total.  The  observed  chi– square  value  is assumed to be an  observation  from  a  chi – square  

distribution  with  ( n – 1 )
2
 – n  degrees  of  freedom . 

         In  both  the  tests  the  null  hypothesis  is  that  no  difference  exists  between  the  independent  trials  

matrix, R, and the observed upward transition probability matrix, P. 

          It  is  observed  that  Test  statistic  1  is  relatively  insensitive  to  the  presence  of  small  expected  

frequencies  for  some  cells  in  the  transition  matrix  and  produces  chi – square  values  which  are  

consistently  much  lower  than  those  produced  by  Test  statistic  2 ,  indicating  that  the  test  statistic  1  

evaluates  the  lower  limit  of  probability  of  Markov  memory  in  a  transition  matrix .  Thus ,  test  

statistic  1  provides  a  more  rigorous  basis  of  confidence .   

 

3.1.8 ENTROPY CONCEPT 

         Pelto ( 1954 )  introduced  the  entropy  concept ,  till  then  enthralled  in  thermodynamics  and  

communication  theory ,  into  lithofacies  mapping .  Defined  in  a  lithological  sense  as  “..…… the  

degree  of  intermixing  of  end  members  or  the  uncertainty  in  the  composition  of  a  system” 

(Forgotson, 1960) the  entropy  of  a  multicomponent  system  can  be  calculated  as : 

  H = -  

 

 

Where  Pi  is  the  proportion  of  a  component  in  the  system . 

The  entropy  value  is  maximum  when  all  the  components  occur  in  equal  proportions .  The value 

approaches zero as a single end member dominates the composition. 

            Hattori ( 1976 )  applied  the  concept  of  entropy  to  sedimentary  successions  possessing  Markov  

property  to  determine  the  degree  of  random  occurrence  of  lithologies  in  the  succession .  He 

classified sedimentary cycles into seven types (viz. A–1, A–2, A–3, A–4, B, C, D)  based  on  entropy  in  

embedded  Markov  chains  and  attempted  to  relate  these  entropy  models  to  various  sedimentary  

processes  and  delineate  depositional  environments  on  the  basis  of  entropy  values  for  the  whole  

sedimentation  system .  Methods  of  calculation  of  entropy  as  suggested  by  Hattori ( 1976 ) ,  have  

been  largely  followed  in  the  present  study .Hattori  (1976)  recognized  two  types  of  entropies  with  

respect  to  each  lithological  state;  one is post–depositional entropy corresponding to matrix P and the 

other, pre– depositional  entropy ,  corresponding  to  matrix  Q . 

       Hattori (1976)  defined  post – depositional  entropy  with  respect  to  lithological  state  i  as 

   

Ei
(post)

  =  -           …………..(1)                           

 

If Ei
(post)

 = 0.0,  state i  is  always  succeeded  by state j in the sequence. If Ei
(post)

 >0, state i is  likely  to  be  

overlain  by  different  states. 

      Hattori  ( 1976 )  defined  pre – depositional  entropy  with  respect  to  state  i  as 
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Ei
(pre) 

=  -      ……………………….(2) 

   

Large Ei
(pre)

  signifies  that  i  occur  independent  of  the  preceding  state. 

Ei
(post)   

and Ei
(pre)

  together  form  an  entropy  set  for  state  i ,  and  serves  as  indicators  of  the  variety  of  

lithological  transitions  immediately  after  and  before  the  occurrence  of  i ,  respectively .   

         Hattori  (1976) used the interrelationships of Ei
(post)   

and Ei
(pre)  

to  classify  various  cyclic  patterns  

into  asymmetric ,  symmetric  and  random  cycles .The  values  of Ei
(post)   

and Ei
(pre)  

calculated  by  

equations (1) and (2) increases with the  number  of  lithological  states  recognized .  To  eliminate  this  

influence, Hattori (1976)  normalized  the  entropies  by  the  following  equation : 

  R  =  E/E(max)  . . . .  ( 3 ) 

  E(max) = -log2 1/n–1 

Where R is the normalized entropy, E is either post–depositional entropy or pre–depositional  entropy,  and 

E(max) is the maximum  entropy  possible  in  a  system  where  n  state  variable  operates . 

          As  a  measure  of  depositional  environment  Hattori ( 1976 )  calculated  entropy  for  the  whole  

sedimentation  process  [ E ( system ) ]  by  the  following  equation  : 

     

  E (system) =   -    ……….. . .  ( 4 ) 

               

The value of E (system) varies between –log2 1/n and -log2 1/n(n–1).  

 

4. RESULTS AND DISCUSSION: 

4.1MARKOV MODEL FOR THE TIKAK PARBAT SUCCESSION 

           From  Sections :  The  study  was  confined  to  three  specific  field  sections  of  281.55 m ,  91.84 m  

and  91.62 m  respectively .  The  similarity  observed  amongst  the  sections  are  fining  upward  sequence  

and  tendency  to  localize  the  transition  path  into  overbank  environment ( Fig.4 a-b) . 

          Randomness test was performed by Markovian property using standard chi–square test.  The  chi–

square statistics for the Tikak Parbat succession  using  seven  rock  types(Table-4)  reveal  that  test – 1  has  

been  passed  by  two  sections  and  test – 2  has  been  passed  by  all  three  sections .  When  the  tabled  

value  of  specific  degree  of  freedom   i . e.  29  for  test – 1  and  35  for  test –2  lies  below  the  observed  

value  than  the  null  hypothesis  is  rejected .  This  means  the  deposition  of  lithosequences  did  not  

occur  out  of  a  random  phenomenon  but  there  exists  definite  cyclic  nature  of  repeatation .  Miall  and  

Gibling  (1978 ) ,  Chakrabarti ( 1992)  stressed  the  reliability  of  test  statistic – 2  than  statistic – 1  in  

interpreting  the  Markovian  behaviour  of  any  sequence  as an  initial  ambiguity  remained  while  using  

two  tests .  Test – 2  suggests  that  while  in  some  of  the  sections  the  depositional  process may  

conform  to  simple  first  order  mathematical  model  of  Markov  chain  with  a  very  short  lived  memory  

that  extends  back  one  step ,  there  are  other  sections  where  the  succession  represents  an  independent  

event  process  with  no  first  order  memory . 

           Another  significant  feature  of  the  three  sections  is  transition  from  pure  coal  to  proximal  back 

swamp  facies  (mudstone, sandy/silty clay, with high probability value).  Coal  in  the  region  is  low  ash  

in  general  but  coal  versus  non – coal  boundary  on  top  is  gradational  and  diffused .  This  probably  

indicates  recurrence  of  flushing  of  coal  bog  either  by  flood  or  spilling  over  of  the  drainage  system  

at  the  terminal  phases  of  each  coal  cycle .   

          From  bore holes :  The  study  was  confined  to  thirty-three  borehole  logs .  A  common  factor  can  

be  envisaged  is  the presence of incomplete  fining  upward  sequence ,  although  faintly  two  distinct  

cyclic  patterns  of  in – channel  and  over bank  environments  exist . 
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         For  testing  randomness  of  the  depositional  process ,  Markovian  statistics  was  employed  and  

standard  chi – square  test  were  performed .  Out  of  thirty-three  boreholes ,  thirteen  bore holes  failed  

test – 1 ,  but  all  of  them  passed  test – 2 .  Therefore ,  it  can  be  concluded  that  the  depositional  

process  continued  in  a  non- – random  situation  but  may  not  always  possess  well-defined  cyclic  

patterns . 

 

4.2  ENTROPY  MODEL  FOR  THE  TIKAK  PARBAT  SUCCESSION  

         If  all  the  sections  and  bore  hole  logs  are  considered ,  irrespective of whether  they  possess  

Markovian  property  or  not ,  entropy  values  [Ei
(post)   

and Ei
(pre) 

]of individual  lithologic  states  are  

observed  to  vary  within  a  limited  range (Table-5 a-b). Further,  comparison  of Ei
(pre)

 with Ei
(post)   

values  

for  each  facies  state  shows  that  memory  of  each  facies  state  for  either  the  successor  state  or  the  

precursor  state  is  non – random  but  non – cyclic .   

          It  is  also  observed  that  in  majority  cases Ei
(pre)

 ≈ Ei
(post)   

≠ 0.0 which indicates non– dependency  

of  any  state  on  the  other .  When  the  lithologic  states are examined in  terms  of  the  relationships  

between Ei
(pre)

 and  Ei
(post)   

values ,  it  is  found  that Ei
(pre) 

   values  are  higher than Ei
(post)

 value  in  

most  of  the  sequences  and in  few  others Ei
(post) 

    values  are  greater  than Ei
(pre) 

values. The former 

relationship  in  mathematical  terms  indicates  that  the  dependency  of  one  lithologic  state  on  its  

precursor  is  not  even  and  it  can  possibly  occur  after  different  state .  In  the  later  case / situation ,  

the  dependency  of  one  lithologic  state  on  its  precursor  is  stronger  than  its  influence  on  the  

successor . 

         For  the  lithological  states  B, C, D, Ei
(pre) 

> Ei
(post) 

 indicating that deposition of these  lithologies  

(fine grained sandstones, alternations of sandstone and  shale + siltstone, clay/mudstone,  grey shale)  did  

not  depend  largely  on  the  lithological  composition  of  the  underlying  strata  but  exerted  a  

considerable  influence  upon  succeeding  lithological  states .   

          For  the  remaining  lithological  states  A, F, G (i.e. Medium grained  sandstone, Carbonaceous  shale  

and  Coal) Ei
(post) 

> Ei
(pre)

 in  most  of  the  situations  indicating  that  they  were  deposited  in  specific  

depositional  condition  but  used  to  overlain  by  a  wide  variety  of  lithologic  states. 

          In  field  sections ,  similar relationship  between Ei
(pre)  

and Ei
(post)  

exists  for  the  lithilogical  states  

except  in  facies  C  where Ei
(post)   

> Ei
(pre)

  

         Calculated  values  of Ei
(pre)  

and Ei
(post) 

 for  each  lithological  state  were  plotted on an  entropy – set  

diagram  separately  for  each  section ( Fig .5 a-b) .  In  two  sections ,  the  pattern  of  entropy  sets  may  

be  compared  with  the  Type A–4 which is general  asymmetric  cyclic  successions  of  Hattori  (1976)  

where  the  plots  occurring  within  large  circles .  The  other  section  shows  a  combination  of  Type A–2 

and A–3 of  Hattori  (1976).   The  A–2 type  represents  a  truncated  asymmetric  cycles  made  up  of  

seven  different  states ;  whereas  A – 3  type  indicates  a  succession  made  up  of  lower  truncated  

asymmetric  cycles . 

          The  borehole  sections  shown  in  the  entropy – set  diagram  (Fig.5 a)  indicates  in  general  a  

pattern of A–4  type  i . e. asymmetric  cyclic  successions .  Only  some  bore hole  sections  can show  the  

Type–B i.e. general  symmetric  cyclic  successions  and  the  values  falling  on  the  diagonal  line .  

          The  calculated  entropy  values  for  the  whole  system  [E (system) ]  vary within 4.499–3.484  for  

the  borehole  sections  and  between  4.492 – 3.803  in  field  sections ,  indicating  fluctuating  /  oscillatory  

nature  of  the  depositional  system  and  dominance  of  non- – random  events  in  the  Tikak  Parbat  

succession . 

         When  the  E ( system )  values  for  Markovian  as  well  as  non – Markovian  sequences  are  

evaluated  in  terms  of  broad  depositional   environment  by  plotting  E  ( system )  against  the  number  

of  states  ( Fig.6) ,  the  most  of  the  points  occur  within  the  fields  of  ( 3 )  i . e .  F luvial – Alluvial  
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succession  and  ( 4 )  i . e .  Neritic  succession  of  Hattori  ( 1976  ,  Fig 16 ) .  Some  of  the  points  fall  in  

the  undefined  zone  bounded  by  the  fluvial -  alluvial  field  and  the  line  of  maximum  entropy  and  

only  two  points  lie  in  the  another  undefined  envelope  between  the  neritic  field  and  the  line  of  

minimum  entropy . 

 

5. CONCLUSIONS: 

         The  present  study  reveals  that  the  coal  and  associated  sediments  of  the  Tikak  Parbat  

succession  was  probably  deposited by Markovian processes exhibiting fining upward cycles in both field 

and borehole sections. The logic behind this conclusion is 1) non- random but non- clyclic depositional 

pattern, 2) localization of transition path into overbank environment and 3) truncated asymmetric cycles 

with wide variation in types i.e. A-2, A-3 ,A-4 and even B. Entropy in Markov chains  indicates partial 

cyclic arrangements of lithofacies and  also points probably to a depositional model of interdistributory bay 

environment of near shore geomorphic set-up with interplay of fluvial processes.  
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Fig. 1 GEOLOGICAL MAP OF THE STUDY AREA. 
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Fig. 3 CORRELATION DIAGRAM OF SURFACE SECTIONS AND BOREHOLE LOGS, 

           MAKUM COAL BASIN, ASSAM 
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TABLE 1 : LITHOSTRATIGRAPHIC SUCCESSION IN THE MAKUM COAL FIELD, ASSAM             

                  (SARMAH, 1999). 

  

 

 

AGE GROUP FORMATION LITHOLOGY 

Recent – 

Pleistocene 

 
 

––––––––––– 

 

Pliocene  
 

––––––––––– 

 

 
 

 

Miocene 

 

 

 
 

––––––––––– 

 

 

 

 

 

 

 

 
 

Oligocene 

 

 

 
 

 

 

 

 

 
Eocene 

 

 
 

 
 

 
 

------------------ 
 

DIHING 
 

------------------ 

 

TIPAM 

 

 
 

 

SURMA (?) 

 

 

------------------ 
 

 

 

 

 

 
 

 

 

BARAIL 

 

 

 

 

 

 
 

 

 

DISANG 

 

Alluvium and high – level terraces 

 

------Unconformity------------------- 
 

 
 

------Unconformity------------------- 

Girujan Clay 

 

Tipam Sandstone 

 
 

 

Not  

subdivided 

 

-----Unconformity-------------------- 
 

 

 

Tikak 

Parbat 

 
 

 

 

Baragolai 

 

 

 

 

Naogaon 

(occurs on the southern part of the 
coalfield, separated by the 

Halflong – Disang Thrust) 

 

 

Sands, Clays, Siltstones, Gravel beds etc. 

 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Alternative pebble beds; coarse bluish green to grey feldspathic, ferruginous sandstones 

and greyish to brownish clays. 
 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Variegated clay, silty clay, bluish green and grey sandstone (+ 470m – 990m : thickness). 

 

Coarse, gritty and massive, bluish green to grey feldspathic and micaceous sandstone, 

variegated clay, sandy clay, shale, coal streaks and silicified woods.  
(+ 1000 m : thickness). 

 

Grits, thin conglomerate beds, brown, fine grained sandstone, sandy clays and shales. 

(approximately 400 m : thickness). 

 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Upper Arenaceous Unit: 

Massive to  well bedded,  yellowish  white  to light  grey, medium  to  fine  grained  

sandstone   interbedded  with  sandy shale, grey shale, siltstone, light grey claystone, 

mudstone, carbonaceous shale and several coal seams.  

Lower Argillaceous Unit:  

Alternations of siltstone, mudstone, shale, carbonaceous shale, claystone and thick 
workable coal seams. 

Occasionally laminated shaly sandstone, sandy shale and sandy clay. (600 m : thickness) 

 

Well bedded or at places massive, hard, greyish, micaceous or ferruginous shaly 

sandstones alternating with bluish grey, greenish yellow clays, shale, sandy shale, 

siltstone, calcareous mudstone, carbonaceous shale and thin coal seams (3300 m : 

thickness) 

 

Hard, compact and flaggy dark grey, fine grained Sandstone and interbeds of grey 

splintery shales (2200 m : thickness) 
 

 

 

Dark grey splintery shale with interbeds of dark grey and fine grained sandstone (over 

3000 m : thickness) 
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Table 2 (a-g)    Matrices used to analyse transitions of lithofacies in Tikak Parbat Formation of Makum 

                         coal basin, Assam (Borehole section:TU-19) 

Table 2a Tally Matrix 

State A B C D E F G SR 

A 0 1 2 1 0 0 0 4 

B 2 0 4 1 17 0 0 24 

C 1 6 0 3 18 2 0 30 

D 0 2 2 0 4 0 0 8 

E 1 14 19 3 0 5 19 61 

F 0 0 1 0 4 0 4 9 

G 0 1 1 0 19 2 0 23 

SC 4 24 29 8 62 9 23 159=T 

 

Table 2b Upward Transition Probability Matrix 

State A B C D E F G 

A 0.00 0.25 0.50 0.25 0.00 0.00 0.00 

B 0.08 0.00 0.17 0.04 0.71 0.00 0.00 

C 0.03 0.20 0.00 0.18 0.68 0.07 0.00 

D 0.00 0.25 0.25 0.00 0.50 0.00 0.00 

E 0.02 0.23 0.31 0.05 0.00 0.08 0.31 

F 0.00 0.00 0.11 0.00 0.44 0.00 0.44 

G 0.00 0.04 0.04 0.00 0.83 0.09 0.00 

 

Table 2c Downward Transition Probability Matrix 

State A B C D E F G 

A 0.00 0.04 0.07 0.13 0.00 0.00 0.00 

B 0.50 0.00 0.14 0.13 0.27 0.00 0.00 

C 0.25 0.25 0.00 0.38 0.29 0.22 0.00 

D 0.00 0.08 0.07 0.00 0.06 0.00 0.00 

E 0.25 0.58 0.66 0.38 0.00 0.56 0.83 

F 0.00 0.00 0.03 0.00 0.06 0.00 0.17 

G 0.00 0.04 0.03 0.00 0.31 0.22 0.00 

 

 

 

 

 

 
Table 3 (a-f) Matrices used to analyze transitions of lithofacies in Tikak Parbat Formation of Makum 

                        coal basin, Assam (Tirap Section) 

 

Table 3a Tally Matrix 

State A B C D E F G SR 

A 0 2 2 2 1 0 1 8 

B 0 0 3 1 6 1 0 11 

C 1 1 0 2 7 2 0 13 

D 2 3 3 0 8 2 1 19 

E 2 6 3 7 0 15 18 51 

F 3 0 2 4 8 0 8 25 

G 0 0 0 2 21 5 0 28 

SC 8 12 13 18 51 25 28 155=T 

 

Table 3b Upward Transition Probability Matrix 

State A B C D E F G 

A 0.00 0.25 0.25 0.25 0.13 0.00 0.13 

B 0.00 0.00 0.27 0.09 0.55 0.09 0.00 

C 0.08 0.08 0.00 0.15 0.54 0.15 0.00 

D 0.11 0.16 0.16 0.00 0.42 0.11 0.05 

E 0.04 0.12 0.06 0.14 0.00 0.29 0.35 

F 0.12 0.00 0.08 0.16 0.32 0.00 0.32 

G 0.00 0.00 0.00 0.07 0.75 0.18 0.00 
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Table 3c Downward Transition Probability Matrix 

State A B C D E F G 

A 0.00 0.17 0.15 0.11 0.02 0.00 0.04 

B 0.00 0.00 0.23 0.06 0.12 0.04 0.00 

C 0.13 0.00 0.00 0.11 0.14 0.00 0.00 

D 0.25 0.25 0.23 0.00 0.16 0.08 0.04 

E 0.25 0.50 0.23 0.39 0.00 0.60 0.64 

F 0.38 0.00 0.15 0.22 0.16 0.00 0.29 

G 0.00 0.00 0.00 0.11 0.41 0.20 0.00 

 

Table 3d   Independent Trial Matrix 

State A B C D E F G 

A 0.00 0.00 0.09 0.12 0.35 0.17 0.19 

B 0.06 0.00 0.09 0.13 0.36 0.17 0.20 

C 0.06 0.08 0.00 0.13 0.36 0.18 0.20 

D 0.06 0.09 0.09 0.00 0.37 0.18 0.20 

E 0.08 0.12 0.13 0.17 0.00 0.24 0.27 

F 0.06 0.09 0.10 0.14 0.39 0.00 0.22 

G 0.06 0.09 0.10 0.14 0.40 0.20 0.00 

 

Table 3e Difference Matrix 

State A B C D E F G 

A 0.00 0.17 0.16 0.13 -0.22 -0.17 -0.07 

B -0.06 0.00 0.10 0.03 0.19 -0.08 -0.20 

C 0.02 -0.01 0.00 0.03 0.18 -0.02 -0.20 

D 0.05 0.07 0.06 0.00 0.05 -0.08 -0.15 

E -0.04 0.00 -0.07 -0.04 0.00 0.05 0.08 

F 0.06 -0.09 -0.02 0.02 -0.07 0.00 0.10 

G -0.06 -0.09 -0.10 -0.07 0.35 -0.02 0.00 

 

Table 3f   Expected frequency Matrix 

State A B C D E F G 

A 0.00 0.65 0.71 0.98 2.78 1.36 1.52 

B 0.62 0.00 1.00 1.38 3.92 1.92 2.15 

C 0.73 1.10 0.00 1.65 4.67 2.29 2.56 

D 1.11 1.66 1.80 0.00 7.07 3.47 3.88 

E 3.92 5.88 6.38 8.83 0.00 12.26 13.73 

F 1.54 2.31 2.50 3.46 9.81 0.00 5.38 

G 1.76 2.65 2.87 3.97 11.24 5.51 0.00 

 

Table 4a Entropies with respect to deposition of lithologies in Tikak Parbat Succession, Makum Coal 

                  Basin, Assam (Borehole section:TU-19) 

State E(pre) E(post) R(pre) R(post) Q=R(post)/R(pre) 

A 1.500 1.500 0.580 0.580 1.000 

B 1.634 1.6273 0.632 0.492 0.779 

C 1.661 1.663 0.643 0.643 1.000 

D 1.811 1.500 0.701 0.580 0.828 

E 2.063 2.142 0.798 0.829 1.039 

F 1.436 1.392 0.555 0.539 0.978 

G 0.667 0.927 0.258 0.359 1.391 

E( Max):2.585     E (System):4.039 
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Table 4b Entropies with respect to deposition of lithologies in Tikak Parbat Succession, Makum Coal    

                 Basin, Assam (Tirap section) 

State E
(pre)

 E
(post)

 R
(pre)

 R
(post)

 Q=R
(post)

/R
(pre)

 

A 1.906 2.250 0.737 0.870 1.181 

B 1.730 1.617 0.669 0.626 0.935 

C 2.295 1.881 0.888 0.728 0.819 

D 2.300 2.274 0.890 0.880 0.988 

E 2.233 2.230 0.864 0.663 0.998 

F 1.675 2.134 0.648 0.825 1.274 

G 1.270 1.027 0.491 0.397 0.809 

E(Max):2.585     E(System):4.492 

 

 

Table 5 Chi-square statistics 

Borehole /field 

sections,Mkum 

Coal Basin 

Chi-square value in 

‘Likelihood ratio 

statistics’ 

Degree of freedom Chi-square valuein 

‘Pearson statistics’ 

Degree of Freedom 

B.H. Tu-19 54.425 29 159.582 35 

Tirap section 54.005 29 136.357 35 
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Fig.4 a MARKOV DIAGRAMS SHOWING UPWARD TRANSITIONS WITH PROBABILITIES    

                      OF 0.10 OR MORE BETWEEN LITHOLOGIC STATES, TIKAK PARBAT      

                     FORMATION, MAKUM COAL BASIN, NE INDIA. 
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Fig.4 b MARKOV DIAGRAMS SHOWING UPWARD TRANSITIONS WITH PROBABILITIES    

                      OF 0.10 OR MORE BETWEEN LITHOLOGIC STATES, TIKAK PARBAT      

                     FORMATION, MAKUM COAL BASIN, NE INDIA. 
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Fig. 5 a ENTROPY SETS DERIVED FROM THE TIKAK PARBAT SUCCESSION 

A=Pebbly Sanstone(Intraclasts), B=Medium to Fine grained Sandstone,  

C= Fine grained Sandstone with interbedded Siltstone & Shale, D= Alternations of Shale/Siltstone/ Fine 

grained Sandstone (Rhythmites), E= Grey Shale/Clay?Mudstone, F=Carbonaceous Shale, G=Coal. 
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Fig.5 b ENTROPY SETS DERIVED FROM THE TIKAK PARBAT SUCCESSION 

A=Pebbly Sanstone(Intraclasts), B=Medium to Fine grained Sandstone,  

C= Fine grained Sandstone with interbedded Siltstone & Shale, D= Alternations of Shale/Siltstone/ Fine 

grained Sandstone (Rhythmites), E= Grey Shale/Clay?Mudstone, F=Carbonaceous Shale, G=Coal. 
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Fig. 6 PLOTS OF E (SYSTEM) AGAINST NUMBER OF STATES. 

1= LINE FOR MAXIMUM ENTROPY 

2= ENTROPIES FOR COAL- MEASURE SUCCESSIONS 

3= ENTROPIES FOR FLUVIAL- ALLUVIAL SUCCESSIONS 

4= ENTROPIES FOR NERITIC SUCCESSIONS 

5= ENTROPIES FOR FLYSCH SEDIMENTS 

6= LINE FOR MINIMUM ENTROPY 

SOLID CIRCLE REPRESENT PLOTS FOR MARKOVIAN SEQUENCES OF THE STUDY AREA. 


