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Abstract - The methodology of facies analysis may include statistical examination to establish a local facies model. 
Without such examination, it is very difficult to predict the facies succession and to interpret the changes in depositional 
conditions from thick or complex stratigraphic sections. Based on the survey of sedimentary geologic literature in 
Indonesia, it is suggested that the aforementioned statistical method has relatively seldom been used in Indonesia. 
Such a situation may reflect a gap in information on the methodology and, accordingly, it seems imperative that 
there should be a re-exposition of the method. This paper presents a concise exposition of the combination of the 
embedded Markov Chain and binomial probability as one of the most successful statistical methods which are used 
in facies analysis. The results of previous studies of The Citalang Formation are used as a case study to illustrate its 
applications to the real geologic world.
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Introduction

Background
Facies analysis is one of the most funda-

mental and successful methodologies devised 
by sedimentary geologists to comprehend the 
stratigraphic records (Miall, 1985; Pirrie, 1998; 
Dalrymple, 2010). Since the 1990s, methodolo-
gies for facies analysis have become an intrinsic 
part of the broader study of sequence stratigraphy 
(Catuneanu, 2006; Miall, 2016).

The widely adopted methodology of facies 
analysis (Figure 1) may include statistical exami-
nation of the relationships among all observable 

facies in order to establish a local facies model. 
Without such examination, it is very difficult and 
sometimes impossible to predict the vertical strati-
graphic succession of facies, especially for thick, 
incomplete, or complex section, and consequently 
to interpret the changing depositional conditions 
throughout geologic time.

A casual survey of the sedimentary geologic 
literature in Indonesia suggests that few studies 
have proposed a local facies model for the strati-
graphic records observable in the country. Such a 
fact, which may reflect the gap of information on 
the methodology for establishing a facies model, 
would hamper a match comparison between the 
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studied sedimentary rocks and the well known 
general facies model or other local facies models 
published in the vast literature of sedimentary 
geology. Simultaneously, sedimentary researchers 
in this country may be biased in applying facies 
models developed in different geologic settings 
(e.g. tectonic environments, geographic milieus, 
and paleoclimate regimes). It seems imperative, 
therefore, that there should be a re-exposition of 
available analytic tools pertaining to the construc-
tion of a facies model.

Methods and Materials

Methods
This paper presents a concise re-exposition of 

the methodology of facies analysis with special 
emphasis on a statistical method, i.e. a combina-
tion of the embedded Markov Chain and binomial 
probability that may be used to establish a local 
facies model. It has been summarized from pre-
vious works of Gingerich (1969), Selley (1969), 
Miall (1973), Cant and Walker (1976), Harper 
(1984), Lindholm (1987), and Pirrie (1998).

The results of facies analysis of The Citalang 
Formation (Setiadi, 1998, 2001), with some cor-
rections, will be used in this paper to illustrate the 
application of the aforementioned methodology. 
It should be noted, however, that the geology per-
taining to the analysis will not be fully presented 
in this paper. The interested reader is referred 
to the original contributions for more details on 
various geologic aspects of the study.

In the last decade, similar Markov Chain ap-
proach has been successfully applied in facies 
analysis of various types of deposits by Stanova 
et al. (2009), Hota and Das (2010), Sumner et 
al. (2012), Colombera et al. (2013), Marino and 
Amaya (2016), Milo (2017), Tewari and Khan 
(2017), Li et al. (2018), Pérez-Pueyo et al. (2018), 
Lapcik (2019), and Subagja et al. (2019). As well, 
this type of approach has been widely used in a 
wide range of sedimentary deposits, spanning 
from nonmarine to marine deposits, and in both 
turbidite and nonturbidite systems. Based on this, 
not only outcrops data but also borehole logs have 
been used to describe the facies model, indicating 
that the Markov Chain method has been success-
fully applied to both types of data. This method 
can at the very least reveal a probabilistic model, 
which can then be used to improve the accuracy 
of the resulting model by taking into account the 
characteristics of sedimentary system in the area 
of interest.

Apart from its traditional applications in pa-
laeoenvironmental analysis, the Markov Chain 
approach also has recently been developed or 
combined with other methods to define and 
characterize hydrocarbon reservoir facies (He et 
al., 2019; Hsieh et al., 2015; Soto et al., 2014) to 
analyze the relationship between water depth and 
carbonate facies (Dyer et al., 2018) to character-
ize and to predict the distribution of geobodies 
and subsurface flow units (Croix et al., 2019), 
and to define soil facies and sequences (Li et al., 
2005; Kazi-Tani and Gaouar, 2016).

Materials
The first stage in facies analysis is the col-

lection of primary data, whether in the field at 

Collection of primary data
(outcrops, cores)

and their presentation as 
graphical stratigraphic section

Petrography/
analytical sedimentology

Definition of descriptive facies

Interpretation of depositional processes
Statistical examination of
lithofacies relationships

Definition of lithofacies seccessions
and formulation of a local model

Comparison of the local model with
a suitable general facies model

Paleoenvironmental interpretations

Revision of general facies
model based on new data

Figure 1. A flow chart of the widely adopted methodology 
in facies analysis (modified from Miall, 1985 and 2000; 
Lindholm, 1987).
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outcrops or by the examination of cores (Figure 
1). The collected data can then be presented as 
graphic log or graphical stratigraphic sections 
using a set of standardized symbols to depict the 
rock types and other lithologic features. Figure 2 
shows an example of the presentation of data col-
lected from the Citalang Formation that outcrops 
discontinuously in the northern part of Sumedang, 
West Java Province (Figure 3).

On the basis of a predetermined set of objec-
tive criteria that can be observed in the field and, 
subsequently, interpreted in terms of sedimen-
tary process by examining sedimentary geology 
literature, for example, stratigraphic sections are 
divided into descriptive lithofacies (Harms et 
al., 1975; Reineck and Singh, 1980; Scholle et 
al., 1983; Scholle and Spearing, 1982; Walker, 
1984; Walker and James, 1992). Table 1 presents 
a lithofacies classification scheme for the Cita
lang Formation (Alam et al., 2019; Setiadi, 1998, 
2001); a summary of their interpretation is shown 

in Table 2. The methodology was employed 
in conjunction with the matching sedimentary 
record found on the Cipelang section as shown 
in Figure 4.

The next important step in a facies analysis is 
to establish the facies relationships and succession 
statistically leading to the formulation of a local 
facies model. One statistical method that may be 
employed to do so is a combination of the embed-
ded Markov Chain and binomial probability. The 
method, which is the central theme of this paper, 
is going to be described in the next sections.

The last stage of a facies analysis involves 
a comparison of the local model with a suitable 
general facies model, and their environmental 
interpretations are based upon the range of the 
processes recognized for each of the component 
lithofacies. The vertical sequence of lithofacies 
is then interpreted in terms of changing environ-
ments or subenvironments of deposition through 
time. Laterally, equivalent lithofacies associations 

Figure 2. (a) Geologic map showing the distribution of the Citalang Formation in the northern part of the Regency of Sume-
dang (compiled and modified from Djuri (1973) and Silitonga (1973). (b). The Location of the Citalang sections measured 
by Setiadi (1998).
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Figure 3. General representation and correlation of the Citalang Formation stratigraphic sections measured in the studied 
area (Setiadi, 1998).

Facies Code* Lithofacies Sedimentary Structures
Gmm matrix-supported, massive, or crudely bedded conglomerate crude horizontal bedding, imbrication
Gmg matrix-supported, normal graded conglomerate graded bedding
Gt trough cross-bedded conglomerate trough cross-bedding
Gp planar cross-bedded conglomerate planar cross-bedding
Sm massive sandstone none
Sg normally graded sandstone graded bedding
Sp planar cross-bedded sandstone planar cross-bedding

St trough cross-bedded sandstone trough cross-bedding

Sr rippled and cross-laminated sandstone ripple marks of all types and their 
associated cross-lamination

Sh horizontally laminated sandstone horizontal lamination
Fm massive mudstone, siltstone, and claystone none
Fl interlaminated sandstone, mudstone, siltstone, and claystone fine lamination, very small ripples

Tabel 1. Lithofacies Classification in the Studied Area (Setiadi, 1998)IJ
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for the same stratigraphical interval may then be 
interpreted in terms of the spatial distribution of 
environments for that interval. When appropriate, 

therefore, this stage of study may be continued 
to a depositional system or palaeogeographic 
analysis.

Facies Code Sediment Transport and Depositional Processes

Gmm debris flows; deposition by "freezing" due to intergranular interaction and cohesion

Gmg gravity flows; deposition from a single current as the energy and flow strength diminished

Gt traction flows; migration of 3D bars

Gp traction flows; migration of 2D bars

Sm shortlived mass flows or hyperconcentrated floodflows; deposition by "freezing"

St traction flows; migration of 3D ripples or dunes
Sp traction flows; migration of 2D ripples or dunes

Sg sediment-laden current; deposition was taken place when the current decelerates and the consequent 
decline in its competence, with coarse grains settling first

Sr waning flood current or traction current at lowwater stage 

Sh waning flood current or traction current in shallow water; representing the upper plane bed condition, 
at the transition from subcritical to supercritical flows

Fm suspension fallout

Fl suspension fallout accompanied by periodic input of current transported sands

Tabel 2. Summary of the Interpretation of Lithofacies (Setiadi, 1998)

LITHOLOGY

STRUCTURES

CONTACTS
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Figure 4. A detailed section of the Citalang Formation and its constituent lithofacies observable on Cipelang River (modi-
fied from Setiadi, 1998).
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Result and Analysis

The starting point in the embedded Markov 
Chain examination in facies analysis is the compi-
lation of a transition count-matrix which tabulates 
the number of times all possible vertical lithofacies 
transitions occur in any given stratigraphic succes-
sion that has been subdivided into its component 
facies. Geologically, the table indicates the num-
ber of times any one facies passes upward into any 
other. For example, in Figure 4, the facies Gmm 
was overlain by the erosional surface (SS) six 
times and, in turn, was overlain by the facies Sm 
twice. It should be noted that the second-erosional 
surface (SS), even though it is not a lithofacies in 
a normal sense, it is included in the statistics since 
it marks the discontinuation of a facies transition.

Table 3 is the transition count-matrix which 
tabulates all facies transitions observable at the 
Cipanas, Ciawi, Cisuru, and Cipelang sections. 
Elements in the transition count-matrix are here-
after referred to by the symbol fij, where i = row 
number and j = column number.

From the transition count-matrix, two prob-
ability matrices may be derived. The first one, the 
random probability-matrix, consists of elements 
rij representing the probability of the given transi-
tion occurring randomly. They are given by:

where:

rij = elements in the random-probability matrix

sj = the sum of the fij for the jth column of 

the matrix

si = the sum of the fij for the ith column of 
the matrix

t = the total transition

The second one, the transition probability-
matrix containing elements pij, represents the 
actual probabilities of the given transition occur-
ring in the given section. They are counted using 
the formula:

where:

pij =  elements in the transition probability 
matrix

fij = elements in transition count matrix

si = the sum of the fij for the ith column of  
the matrix

SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm Fl Row Total

SS 57 6 2 9 7 0 2 4 2 0 15 1 105

Gmm 13 0 0 0 21 2 7 1 3 0 15 0 62

Gmg 2 0 0 0 0 0 0 0 0 0 3 1 6

Gt 0 0 0 0 1 0 0 0 0 0 1 0 2

Gp 2 3 0 0 1 0 1 0 0 1 0 1 9

Sm 21 0 0 0 0 1 5 2 1 2 36 11 79

Sg 0 0 0 0 0 2 0 0 2 0 2 0 6

Sp 6 0 0 0 0 7 0 1 1 1 7 1 24

St 1 0 0 0 0 0 0 1 0 1 9 0 12

Sr 5 0 0 0 0 1 0 1 0 3 6 1 17

Sh 3 0 0 0 0 3 3 0 1 2 1 1 14

Fm 38 0 0 0 0 30 0 5 2 4 3 19 101

Fl 14 0 0 0 0 9 1 1 0 0 0 11 36

Column Total 105 60 6 2 9 82 7 23 11 15 11 106 36 473

Table 3. Transition Countmatrix for the Citalang Formation (Modified from Setiadi, 2001)

..................................................(1)

....................................................(2)

IJ
OG



A Combination of Embedded Markov Chain And Binomial Probability 
As A Tool in Sedimentary Facies Analysis (D.J. Setiadi et al.)

297

The random probability and transition prob-
ability matrices for the observable Citalang facies 
are presented in Tables 4 and 5.

The last matrix constructed in the Markov 
Chain analysis is the construction of difference 
matrix indicating which transitions have occurred 
with greater than random frequency. The elements 
of the matrix, dij, are counted using the equation: 

where:

dij =  elements in the difference matrix

pij =  elements in the transition probability 
matrix

rij = elements in the random-probability 
matrix

Table 6 is the difference matrix for the Cita-
lang facies counted by applying the aforemen-
tioned formula to those figures listed in Tables 

SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm Fl Row Total

SS 0,16 0,02 0,01 0,02 0,22 0,02 0,06 0,03 0,04 0,03 0,29 0,10 1

Gmm 0,25 0,01 0,00 0,02 0,20 0,02 0,06 0,03 0,04 0,03 0,26 0,09 1

Gmg 0,22 0,13 0,00 0,02 0,18 0,01 0,05 0,02 0,03 0,02 0,23 0,08 1

Gt 0,22 0,13 0,01 0,02 0,17 0,01 0,05 0,02 0,03 0,02 0,23 0,08 1

Gp 0,23 0,13 0,01 0,00 0,18 0,02 0,05 0,02 0,03 0,02 0,23 0,08 1

Sm 0,27 0,15 0,02 0,01 0,02 0,02 0,06 0,03 0,04 0,03 0,27 0,09 1

Sg 0,23 0,13 0,01 0,00 0,02 0,18 0,05 0,02 0,03 0,02 0,23 0,08 1

Sp 0,23 0,13 0,01 0,00 0,02 0,18 0,02 0,02 0,03 0,02 0,24 0,08 1

St 0,23 0,13 0,01 0,00 0,02 0,18 0,02 0,05 0,03 0,02 0,23 0,08 1

Sr 0,23 0,13 0,01 0,00 0,02 0,18 0,02 0,05 0,02 0,02 0,23 0,08 1

Sh 0,23 0,13 0,01 0,00 0,02 0,18 0,02 0,05 0,02 0,03 0,23 0,08 1

Fm 0,29 0,16 0,02 0,01 0,02 0,22 0,02 0,06 0,03 0,04 0,03 0,10 1

Fl 0,24 0,14 0,01 0,00 0,02 0,19 0,02 0,05 0,03 0,03 0,03 0,24 1

Table 4. Random Probability Matrix for the Citalang Formation (Modified from Setiadi, 2001)

SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm Fl Row Total

SS 0,54 0,06 0,02 0,09 0,07 0 0,02 0,04 0,02 0 0,14 0,01 1
Gmm 0,21 0 0 0 0,34 0,03 0,11 0,02 0,05 0 0,24 0 1
Gmg 0,33 0 0 0 0 0 0 0 0 0 0,50 0,17 1
Gt 0 0 0 0 0,50 0 0 0 0 0 0,50 0 1
Gp 0,22 0,33 0 0 0,11 0 0,11 0 0 0,11 0 0,11 1
Sm 0,27 0 0 0 0 0,01 0,06 0,03 0,01 0,03 0,46 0,14 1
Sg 0 0 0 0 0 0,33 0 0 0,33 0 0,33 0 1
Sp 0,25 0 0 0 0 0,29 0 0,04 0,04 0,04 0,29 0,04 1
St 0,08 0 0 0 0 0 0 0,08 0 0,08 0,75 0 1
Sr 0,29 0 0 0 0 0,06 0 0,06 0 0,18 0,35 0,06 1
Sh 0,21 0 0 0 0 0,21 0,21 0 0,07 0,14 0,07 0,07 1
Fm 0,38 0 0 0 0 0,30 0 0,05 0,02 0,04 0,03 0,19 1
Fl 0,39 0 0 0 0 0,25 0,03 0,03 0 0 0 0,31 1

Table 5. Transition Probability Matrix for the Citalang Formation (Modified from Setiadi, 2001)

............................................(3)
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4 and 5. Elements in the difference matrix show 
how many times more (+) or less (-) frequently 
each facies transition occurs. Geologically, it 
means that a facies is likely to pass upward into 
another facies if the corresponding difference 
value of their transition in the difference matrix 
is positive. The results of Markov Chain analysis, 
therefore, give the first clear impression of the 
possible succession of the facies in the Citalang 
Formation. The succession may be depicted by a 
facies relationship diagram (Figure 5).

Considering the facies transition as derived 
from the difference matrix (Table 6, Figure 5), 
one does not know whether a given difference 
is significant. The transition from facies Gmg 
to facies Fm in Table 6 is, for example, 0.27. Is 
0.27 significant?

Geologically, it means that one may not be 
able to determine the most likely facies succes-
sion based on the difference matrix alone, as in 
the case of the Citalang Formation. This situation 
is indicated clearly from the complex form of the 
facies relationship diagram (Figure 5).

To cope with such a situation, Harper (1984) 
suggested a relatively simple method that was based 
on binomial probability. The following exposition 
on the method is paraphrased from Harper (1984):
1. Choose a level of significance α (0.10, say).
2. For each possible facies transition i to j where 

the difference is positive, e.g., facies Gmg 
overlain by facies Fm, compute the probability 
of at least the observed number of successes 
(observations of Fm over Gmg) in N trials 
(observations of any facies other than Gmg 
over Gmg) given the null hypothesis that (a) 
the transition occurs at random, and (b) the N 
trials are independent.

3. Tentatively reject the null hypothesis if the 
probability computed in step 2 is greater or 
equal to the level of significance chosen. 
Otherwise, do not reject the null hypothesis.

4. For each possible transition where the differ-
ence is negative, proceed as above, except 
compute the probability of at least the ob-
served number or fewer successes.

SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm Fl Row Total

SS 0,38 0,04 0,01 0,06 -0,16 -0,02 -0,04 0,01 -0,02 -0,03 -0,15 -0,09 0

Gmm -0,04 -0,01 0,00 -0,02 0,14 0,02 0,06 -0,01 0,01 -0,03 -0,01 -0,09 0

Gmg 0,11 -0,13 0,00 -0,02 -0,18 -0,01 -0,05 -0,02 -0,03 -0,02 0,27 0,09 0

Gt -0,22 -0,13 -0,01 -0,02 0,33 -0,01 -0,05 -0,02 -0,03 -0,02 0,27 -0,08 0

Gp 0,00 0,20 -0,01 0,00 -0,07 -0,02 0,06 -0,02 -0,03 0,09 -0,23 0,03 0

Sm 0,00 -0,15 -0,02 -0,01 -0,02 -0,01 0,00 0,00 -0,03 0,00 0,18 0,05 0

Sg -0,23 -0,13 -0,01 0,00 -0,02 0,16 -0,05 -0,02 0,30 -0,02 0,11 -0,08 0

Sp 0,02 -0,13 -0,01 0,00 -0,02 0,11 -0,02 0,02 0,01 0,02 0,06 -0,04 0

St -0,14 -0,13 -0,01 0,00 -0,02 -0,18 -0,02 0,03 -0,03 0,06 0,52 -0,08 0

Sr 0,06 -0,13 -0,01 0,00 -0,02 -0,12 -0,02 0,01 -0,02 0,15 0,12 -0,02 0

Sh -0,01 -0,13 -0,01 0,00 -0,02 0,04 0,20 -0,05 0,05 0,11 -0,16 -0,01 0

Fm 0,09 -0,16 -0,02 -0,01 -0,02 0,07 -0,02 -0,01 -0,01 0,00 0,00 0,09 0

Fl 0,15 -0,14 -0,01 0,00 -0,02 0,06 0,01 -0,02 -0,03 -0,03 -0,03 0,06 0

Table 6. Difference Matrix for the Citalang Formation (Modified from Setiadi, 2001)

Gt

SS

Gp Sp

SmGmm

Gmg

FI SSFm

St

Sr

Sg Sh

Figure 5. Facies relationship diagram of the Citalang Forma-
tion derived from the difference matrix (Table 6).
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The probability of at least one nobs transition 
in N trials is the binomial probability of at least 
one nobs success in N trials, and is given by:

where:

C(N,n) = the number of possible combinations 
of N objects taken n at a time, and is given 
by:  

......................................(4)

p = the probability of success on a single trial.

Table 7 shows the summary of binomial prob-
ability for all differences with a level of signifi-
cance of 0.1. Data transitions with a probability 
greater than 0.15, with a level of significance α 
≥ 0.1, are not listed.

Discussion

Figure 6, derived from Table 7, indicates that 
there are likely two lithofacies successions in the 
Citalang Formation. The main line of transition in 
the first association runs from the scoured surface 
(SS) through the Gmm, Sm, and Fm facies, and 

Tabel 7. Binomial Probability for the Citalang Formation 
(Modified from Setiadi, 2001)

Facies Transition Binomial Probability
SS to Gmm 6,22E-19
SS to Gmg 0,00703
SS to Gp 0,001
Gmm to Sm 0,00696
Sm to Fm 0,000331
Sg to Sr 0,0141
St to Fm 0,000191
Sr to Sh 0,0073
Sh to Sg 0,00109
Fm to SS 0,0312
Fm to Fl 0,00412
Fl to SS 0,0335

topped by the Fl facies. The second association, 
on the other hand, shows circular transitions and 
is formed by the Sh, Sg, and Sr facies.

The aforementioned statistical analysis, 
though it successfully revealed the general 
patterns of facies succession, gives no clear 
indication of the relationships between the two 
successions. However, if one uses higher levels of 
significance, he is able to construct a more com-
prehensive facies relationship diagram (Figure 7), 
leading to the formulation of a local facies model 
of The Citalang Formation (Figure 8).

Figure 6. Facies relationship diagram for the Citalang For-
mation as derived from the binomial probability of Table 7 
(modified from Setiadi, 2001).

Figure 7. Facies relationship diagram for The Citalang 
Formation as derived from the binomial probability. Heavy 
lines show relationships significant at 0.1 level; dashed lines 
show relationships significant at 0.4 level, except the transi-
tion Gmm → Sp that is significant at 0.15 level (modified 
from Setiadi, 2001).

The facies model of the Citalang Formation 
consists of two components. The first compo-
nent—which is composed of the SS, Gmm, Sm, 
Sp, St, Fm, and Fl lithofacies—is referred to 
in this thesis as the finingupward succession, 
because it shows a general trend of finingup of 
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grain size (Figure 8). As indicated by the results 
of statistical analysis (Figure 6; Tables 6 and 7), 
the lithofacies Gmg, Gt, and Gp also belong to 
this association. They are not included in the 
facies model, because they are regarded as in-
cidental members of this association since they 
have no statistically significant relationship to the 
sandy facies. The second component—which is 
composed of the Sg, Sh, and Sr lithofacies—is 
referred to as the cyclic association, because it 
shows a cyclic character.

Statistically, both of the aforementioned 
associations in the local facies model of the 
Citalang Formation may connect to each other 
through the Gmm → Sg and Sr→ Fm transitions. 
The relationship has a 0.4 level of significance, 
because they have binomial probability of 0.284 
and 0.180, respectively.

By considering the characters of all facies, 
their relationships as revealed from statistical 
analysis, and by comparison with a suitable gen-
eral facies model (Figure 8), the finingupward 
sequence has been interpreted as a sequence of 
channel-bar-overbank deposits developed in the 
vicinity of a braided stream channel system (Se-
tiadi, 1998). The Citalang Formation, therefore, 
may overall represent a braided stream deposit 
(Setiadi, 1998, 2001).

The presence of channelbars and floodplain 
fines, on the other hand, is a typical feature ob-
served in fluvial systems, and the presence of 
facies was determined in this study based on the 
level of significance as well. Channelbars may be 
coupled with avulsion on a broader scale, which is 
often present in many fluvial depositional systems 
as an alternation between avulsion and overbank 
deposits. Given that no considerable thickness 
was observed in the facies, subsidence may have 
played a minor impact in the creation of fluvial 
facies in the Citalang Formation. The occurrence 
of cyclic association facies, which The Markov 
Chain approach successfully revealed, could be 
a subject of concern for external orbital forcing. 
However, the orbital forcing scale that regulates 
the cyclic association in the Citalang Formation, 
whether precession, obliquity, or eccentricity, is 
sometimes a controlling variable for sedimenta-
tion in the fluvial system, in which no evidence 
of sealevel influence was identified.

Conclusions

The successful application to real-world geo-
logic materials, such as the Citalang Formation 
described in this paper, suggests that a combination 
of the embedded Markov Chain and binomial prob-
ability can be used to analyze sedimentary facies.

The method should be considered as a means 
of achieving unbiased results or, at the very least, 
constraining geological interpretation of rela-
tionships between observable facies that are not 
easily (or, more often, very difficult) to perceive 
physically from stratigraphic sections.
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