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Abstract -The Kopili Formation forms the topmost part of the 

Eocene Sequence of Upper Assam Shelf. This formation is 

characterized by alternating bands of argillaceous and 

arenaceous sediments. The sandstone are mainly composed of 

quartz, lithic fragments with meager amount of feldspar and 

cemented by calcareous and ferruginous cements. The 

sandstone’s of this formation generally contain higher amount of 

matrix and rock-fragment and as such are classified as Sublith- 

and Lithic Arenite to Lithic Greywacke. The heavy minerals 

recorded are zircon, tourmaline, rutile, garnet, hornblende, 

enstatite, epidote, andalusite, kyanite, muscovite, tremolite and 

opaque. Sillimanite, apatite, augite, chlorite, hypersthene, 

fluorite, monazite, titanite and staurolite are also recorded in 

small amount. The IR and XRD study confirms the presence of 

kaolinite, montmorillonite, illite and chlorite. Various 

provenance-interpreting parameters reveal that the sediments 

were derived from mixed provenance and recycled orogen. 

Dominance of kaolinite and montmorillonite towards the 

northeastern side and sparse occurrence of the montmorillonite 

along with illite towards the southwestern part of the study area 

indicate the southward marine regression took place during 

Kopili time. The Electro-log patterns of different oil wells also 

support the view of a deltaic environment in the southwestern 

part, which also extended towards the northeastern part of the 

study area with marine invasions in the form of oscillating sea. 

From the study of the diagenetic changes of the sandstone of the 

Kopili Formation it can be concluded that it losses its porosity 

due to extensive quartz replacement, deformation and dissolution 

of rock-fragments. 

 

Keywords- Late Eocene, Basin Margin, Kopili Sedimentation, 

Upper Assam Petroliferous Basin 

 

I. INTRODUCTION 

he Upper Assam Basin is constituted by a thick pile of 

Tertiary sediments. Mallet (1876) did the pioneering 

work in classifying the Tertiary sediments of the Assam 

Valley, Subsequently, Evan (1932, 1959) worked out a 

detailed classification of the Tertiary sequence of Assam 

covering the hills bordering Assam Valley, Central Assam and 

the Surma Valley. Wilson and Mitre (1953) and later Mather 

and Evans (1964) gave a classification of both shelf and 

geosynclinals facies of the Upper Assam and Surma Valley, 

Nagaland and Arunachal Pradesh. Afterwards, Bhandari et al., 

(1973), Dutta S.K. (1982), Singh et al.(1986) Handique et 

al.(1989) etc. have described the lithologies of the Upper 

Assam Basin. Bhuyan (1993) studied geology the Paleocene 

Eocene rocks of the parts of the basin.  

 The Kopili Formation forms the top of the Eocene 

succession. The Kopili Formation is the thickest amongst the 

Palaeogene lithounits found in the subsurface of Upper Assam 

Oilfields. This work is confined to the 5 oil wells viz., 

Borhapjan, Makum, Bhekulajan and Khowang. These oil 

wells cover almost east to west of the Upper Assam oil field 

explored by Oil India Limited.  

 Kopili Formation was named by Evans (1932) and 

the Kopili – Khorungma (Khorungma 25
0
28

/
: 92

0
5

/
 ) area has 

been considered as the type section where it attains a 

thickness of about 500 meters. This formation is best 

developed in the southern – eastern part of the Shillong 

Plateau, i.e., Jawai – Badarpur road section in the Jaintia Hills 

and in the North – Cachar Hills. In the Khasi Hills, it is well 

exhibited at Isamati, Kommarah, and in the Shella River 

Section. This formation becomes thin in Karbi Anglong along 

Kailajan south – east of Sibsagar and Dibrugarh districts.  

 The formation consists of alternations of shales and 

sandstone with a number of thin limestone or calcareous 

bands and marls. The shales are generally black to grey in 

colour and are splintery in nature. 

II. STRATIGRAPHY  

 The Kopili Formation conformably underlies the 

Barail Formation of Oligocene and overlain the Prang 

Limestone of Middle Eocene. The general stratigraphic 

succession with lithologic characteristics is as follows: 

Age 
Lithologic 

Unit 
General Lithology 

Maximum 

thickness 

(m) 

 

Oligocene 
Barail 

Starts with either fine grained 
sandstone with mudstone or 

only with fine-grained 

sandstone. Alternating bands 
of fine-grained sandstone and 

bluish grained mudstone. 

780 

 
Upper 

Eocene 

 
Kopili 

Formation 

Monotonous sequence shales 

and sandstone. Fine grained 
calcareous sandstones in the 

lower part, streaks of 

limestones in the middle part 

552.5 

T 
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and the shales become dark 

grey to light grey towards the 

top. 

 

Middle 

Eocene 

 

Prang 

Limestone 

Off white to dirty white, soft, 

massive fossiliferous 

limestone with intervening 
grey to bluish grey, 

occasionally pyritic, rarely 

carbonaceous splintery shale. 
Occasional fine grained 

calcareous and sometimes 

glauconitic sandstone. 

85.5 

 

III. LITHOLOGY 

 The Kopili Formation records a maximum thickness 

of 552.5 m in the present area of investigation. In all the wells 

this unit starts with splintery shales and the lithotype is a 

monotonous sequence of shale and sandstone. In the extreme 

north-east the lower part of the unit shows fine grained 

calcareous sandstone while in the middle part streaks of 

limestone are present. The shales become dark grey to light 

grey towards the top. In Makum the shales are bluish grey at 

the top and no calcareous sandstone is present in the unit. In 

Rajali and Bhekulajan, streaks of limestone and calcareous 

sandstones with fossils frequently alternate with the grey 

splintery shales in the lower and middle part of the unit but 

towards top alternation of fine grained sandstone and light 

grey splintery shale present. In Khowang dark grey alternate 

with fine grain calcareous sandstone. Limestone, very fine 

grain sandstone and clay are also present in the bottom part. In 

the middle part there are some occurrences of coals and also 

concretions with the very fine grained sandstones. Towards 

the top pyrites are also observed with the dark grey shales and 

coals. Dark grey shales are also contained carbonaceous 

matters throughout the unit. The thickness of the unit is 552.5 

m at Borhapjan, 467m at Makum, 457.5m at Rajali, 481.5m at 

Bhekulajan and 551m at Khowang.   

IV. MATERIALS AND METHODS 

 All total 41 samples of Kopili Formation were 

studied from five(5) oil wells viz., Khowang, Bhekulajan, 

Rajali, Makum and Borhapjan. The drill-cutting samples were 

subjected to various sedimentological investigations. For 

petrographical study, thin sections were prepared for 

identification of minerals and counting was done by ribbon 

counting method. The results thus obtained were then plotted 

in Q-F-R (Q-Quartz, F-Feldspar and R-Rock fragments 

constituting sand size particles of fine grained igneous, 

sedimentary and metamorphic origin) triangular diagram of 

Dott (1964 in Pettijohn, 1984) to obtain the petrographical 

classification. For delineation of tectonic set up of the source, 

recalculated data were plotted in Qm-F-L (Qm - 

monocrystalline quartz grain, F- monocrystalline feldspar 

grain and L-unstable polycrystalline lithic fragments) 

triangular plot of Dickinson et al. (1983). Diamond diagram 

of Basu et al. (1975) is considered for identifying the nature 

of the source rock of the sediments. 

For XRD identification, oriented slides were 

prepared and the study carried out in Phillips Diffractometer 

using CuKα target. The runs were taken within 50 to 300 on 

the goniometer dial. For Infra Red Spectroscopy of clay 

minerals, the clay solutions were dried in oven at 110 0C for 

24 hours and about 2 mg of each sample is mixed with KBr to 

prepare pellets. From these pellets spectra were recorded in a 

Carl Zeiss 75 IR grating spectrophotometer. 

 For heavy mineral study, sand samples of 60 to 170 

(ASTM) sieve sizes were subjected to heavy mineral 

separation (Milner, 1962 and Russel, 1936). Microslides were 

prepared from the heavy minerals thus obtained for detailed 

petrographic and statistical analysis. To obtain ZTR maturity 

index the recalculate ZTR percentages were plotted in 

triangular diagram. Spatial percentage frequency distributions 

of dominant heavy minerals were plotted to obtain their 

horizontal distribution. 

 In addition, the patterns of variation of electro-logs 

were also studied to find out the depositional environment. 

V. PETROGRAPHY 

A. Texure  

The sandstones are commonly medium to coarse 

grained. Grains are angular to subangular and poorly sorted. 

Alternating bands of arenaceous and argillaceous matters are 

often noticed in the samples. The arenaceous bands are mainly 

composed of quartz, lithic fragments with minor amount of 

feldspar and are bonded by calcareous cement. Most of the 

grains are found to be aligned unidirectionally.  

B. Mineral constituents 

 The Kopili Formation is characterised by the 

alternating bands of shale and sandstones. The sandstones are 

rich in matrix (49.4%) and rock fragments (27%). However, 

quartz is the dominating frame work component (61.4%). 

Thus, the Kopili Formation is composed of high amount of 

quartz, rock fragments and matrix with low amount of mica 

and feldspar. Except occurring as coatings over the grains, 

there is very little amount of glauconite present.  

     1)Quartz : Among the frame work components, 

monocrystalline quartz of both non-undulose and undulose 

varieties are dominant over polycrystalline varieties and 

ranges up to  52.17%. The polycrystalline variety includes 

composite, schistose, sheared and stretched metamorphic 

types of quartz. Both the ‘2-3’ units and ‘>3' units per grain 

varieties are present. However, some samples show 

dominance of >3 variety over the 2-3 variety. Some of the 

quartz grains are also replaced by calcite cements. Most of the 

quartz are found occur as floating grains in the cement or 

matrix. Grains in contact are either in long or in concavo-

convex contact. Some of the quartz grains contain inclusions 
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of zircon, apatite etc. Over growth of quartz is also observed 

in the sandstones.  

      2)Feldspar : The feldspars are very low in amount (3.4%). 

Dissolution effect of calcite up on potash feldspar is noticed in 

some cases. Although some orthoclase and plagioclases are 

replaced by solution, some plagioclases are still preserved in 

their original form.  

     3)Mica : Mica percentage in the sandstones is very less and 

ranges from 0-0.98%.  

     4)Lithic fragments : The Kopili Formation is very rich in 

rock fragments (29.20%). Rock fragments of this formation 

are similar with underlying Prang Limestone Member. 

Different types of rock fragments recorded are metamorphic 

quartz-mica aggregate, schist, phyllitic schist, phyllitic 

quartzite, slate, tectonite, mica aggregate, schist, phyllitic 

schist, phyllitic quartzite, slate, tectonite, sedimentary rock 

fragments, spar, clay, chert, igneous rock fragments, fossils 

etc. The rock fragments are found to be deformed and most of 

the cherts show dissolution effect. Some rock fragments are 

also replaced by calcite cement.  

      5)Cement : The cementing materials of the Kopili 

Formation are mainly siliceous and ferruginous. Calcareous 

cements are less abundant. In case of calcareous cements, 

micrites show neomorphic change to spar. The calcareous 

cements are commonly supplied by the allochems.  

     6)Matrix : The intergranular pore spaces of the sandstones 

are dominantly occupied by matrix. The matrix is generally 

argillaceous in nature. Siliceous matrix also occurs with the 

argillaceous matrix. Higher percentage of matrix  content 

(49.40%) is one of the most characteristic features of the 

Kopili Formation. 

C. Nomenclature  

Following Dott (1964) scheme of classification, the 

sandstone of the formation can be classified as sublith- and 

lithic arenite to lithic greywacke. 

 

VI. HEAVY MINERALS 

 The heavy minerals recorded are zircon, tourmaline, 

rutile, garnet, hornblende, enstatite,  epidote, andalusite, 

kyanite, muscovite, tremolite and opaques. Sillimanite, 

apatite, augite, chlorite, hypersthene, fluorite, monazite, 

titanite and staurolite are also recorded in less amount. The 

zircon grains are euhedral, equidimensional, subrounded to 

rounded in shape. Twining is common. Some subrounded 

zircon grains show dark inclusions. There are some altered 

grey coloured tourmalines and some grains are fractured. 

Brownish green prismatic hornblende grains show twining 

and some bluish green, yellowish and both rounded and 

angular grains are also recorded. Garnets show numerous 

acicular inclusions. Some titanite grains are light yellow in 

colour and show wedge shape character. Kyanite grains are 

marked by rounded edges. 

 The Kopili Formation is characterised by the 

occurrences of  zircon,  rutile, hornblende, garnet, kyanite, 

enstatite and opaque minerals. Besides these, monazite, 

hypersthene, epidote, apatite, andalusite, fluorite, staurolite, 

sillimanite, titanite, augite, tourmaline, chlorite and muscovite 

are recorded in meager quantity. Metamorphic minerals like 

garnet (13.06 - 29.96%), kyanite (15.95%), enstatite (5.99 - 

20.36%) are dominant in addition to zircon (2.86 - 34.29%) 

and hornblende (3.47 - 18.63%)  in this formation. Andalusite, 

apatite, fluorite, kyanite and sillimanite are recorded only 

from the Khowang well. The spatial distribution of heavy 

minerals indicate the dominance of hornblende, rutile towards 

the north eastern side and zircon, epidote towards 

southwestern side of the study area. Garnet is found to be 

highest in the Rajali area. The concentration of hornblende  in 

the sediment is characteristic of near shore sediments 

(Lindholm, 1987). 

 The formation shows a sudden fall in the ZTR 

maturity index. The average maturity index of this formation 

39.59 and thus the sediments can be said to be immature. The 

ZTR plotting (Hazarika, 1984) of this formation indicates the 

clustering of the point in the A1, A2 and B1, B2 tiers. Most of 

the points are found to fall in the Z and R points. This reveals 

that the sediments are characterised by the dominance of 

zircon and rutile. 

 The average ZTR maturity index of these sediments 

shows a decreasing trend. It may be due to a short distance 

transportation of the sediments as a whole. But the fluctuating 

trend of increase and decrease of maturity index with depth 

may be correlated to a oscillating sea. 

VII. CLAY MINERALS 

A. Infra Red Studies 

The IR study reveals that the Kopili Formation 

contains dominant clay minerals like Kaolinite, 

Montmorillonite, Illite and Chlorite (Table - 1). Other 

minerals are dickite (680sh, b; 700sh, b; 470m, b), 

palygorksite (3440vs, 580sh), chloropal/nontronite (820vw), 

halloysite (655w; 1025sh), metahalloysite (490s), beidellite 

(877w, sh), hectorite (820w – 780sh) etc. 
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Table 1- Major clay minerals from IR study. 

 

B. X-Ray Defractigram Studies 

The XRD study of clay minerals also indicate the occurrence of Kaolinite, Montmorillonite, Illite and Chlorite (Table - 

2). 

 

Table 2- Major clay minerals from XRD study. 

 

VIII. DIGENESIS   

The Kopili Formation is less affected by diagenetic changes as 

indicated by the presence of a large amount of floating grains 

in thin section. In this formation extensive quartz replacement 

by calcareous cement is observed. The siliceous and 

ferruginous cements are sometimes found to occur around the 

detrital components. Most of the rock fragments are found as 

deformed fragments which may be due to high overburden 

pressure (3352.5m). Dissolution and replacement of rock 

fragments are also noticed. The replacement of lithic 

fragments by the calcite cements is also observed diagenetic 

change. 

 

IX. PROVENANCE AND TECTONIC SETTING 

 The heavy mineral assemblage of the Kopili 

Formation constituted by the metamorphic minerals like 

kyanite, staurolite, sillimanite, andalusite etc. indicating a 
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metamorphic provenance. Dominance of zircon, rutile, 

hornblende, garnet and opaque minerals may be attributed to 

the derivation of some of the sediments from igneous and 

metamorphic sources. Brownish green, bluish green and 

yellow green hornblendes also support this view. Subrounded 

to rounded grains of heavy minerals definitely indicate a 

reworked sedimentary source. The ‘Diamond diagram’ of 

Basu et al.(1975) indicates ‘Plutonic’ and ‘Middle & Upper 

Rank Metamorphic’ provenance for these sediments. QmFL  

triangular plots (Dickinson et al., 1983) indicate ‘Quartzose 

Recycled’ to 'Transitional Recycled’ orogen provenance. This 

suggests that the sediments of this formation were also 

deposited in a foreland basin which might have been derived 

from the rising Himalayas and Assam Arakan regions. 

X. RESERVOIR QUALITY 

 A significant character in Kopili Formation is the 

alternating bands of coarse and fine grains. Precipitation of 

quartz, after dissolution of grain contacts, is uniform 

throughout the sandstone as the void areas of fine grains are 

more completely filled then those in areas of coarse grains. 

Thus the decrease in porosity and permeability resulting from 

solution and precipitation of quartz should be greater in the 

fine grained layers. The same case is also true for the calcite 

and ferruginous cements which further reduced the porosity 

and permeability of the formation.  

 

XI. DEPOSITIONAL ENVIRONMENT 

 The Kopili Formation  is characterised in the 

subsurface of Upper Assam shelf by the huge thickness of the 

sediments. In general the sediments were deposited in a 

deltaic environment with a  marine invasion from northeastern 

corner of the shelf in the form of oscillating sea. Electro-log  

analysis of the three wells clearly indicate predominance of 

three or four subenvironments for the Kopili Formation. 

However the sequence of occurrence of these 

subenvironments are quite different for the three wells. 

 In Khowang well presence of a delta plain facies is 

indicated by SP and SN curves. The low resistivity (3 to 

15m ) and well developed negative SP (-47 to -50 mV) are 

indicative of a shale-sand sequence. In general the sand layers 

are thinner compared to the shale layers. Moreover the three 

repeated resistivity peaks at m indicate organic deposits. Delta 

plain facies seem to extend up to 3650m depth. Repetition of 

sand-shale sequence as indicated by SP and SN curves 

indicate delta fringe sequence within a range of 3650 to 

3510m and the repetition of such delta fringe indicate a 

prograding delta. Occurrence of thick sand bodies with some 

thin shale layers as noticed in the SP and SN logs indicate 

delta front environment. Fluvial deposits are found due to low 

energy condition. At the top of the Kopili Formation fine 

grained sediments were deposited which indicate the 

environment became deltaic plain and marshy. 

 In Makum well four subenvironments are observed. 

The coarse grained sediments observed  between 3770 to 

3700m depth give a funnel shaped pattern. Funnel shape 

pattern of log indicate a fluvial distributary bar environment. 

Over this subenvironment delta fringe sand is observed and 

indicative of a prograding delta. Occurrence of thick fluvial 

sediment is noticed by the cylindrical shape SP and SN curves 

and indicate a delta front environment. Delta front 

environment is found where the energy condition become low 

and the rate of deposition is high. The sediments are coarser 

than the adjacent sediments and extend up to 3575m. 

 The bottom of the Kopili Formation is encountered at 

4051m depth in Borhapjan well. The SP and SN log indicate 

the presence of fine to medium grained sand and clay 

sediments with organic matters which are characteristically 

present in delta front environment.  

 

XII. CONCLUSIONS 

 The petrographic studies of the Kopili Formation 

suggest that most of the sandstones are sublith and lithic 

arenite to lithic greywacke with dominant argillaceous and 

siliceous matrix. The unit has undergone diagenetic changes 

which, corresponds to syn-and ana diagenetic phases of 

Fairbridge (1967). The spatial distribution of heavy minerals 

indicate dominance of hornblende, rutile towards the north 

eastern and zircon, epidote towards southwestern part of the 

basin. Presence of unstable heavy minerals like hornblende 

and epidote indicates that the sediments were transported from 

nearby sources. Presence of kaolinite in all the wells indicates 

a continental to nearshore environment (Parhem, 1966) of the 

study area during Kopili time. The electrolog patterns also 

support this view. Thus, during the deposition of Kopili 

sediments the environment changed to fluviomarine 

environment as evident from the occurrence of unidirectional 

arrangement of grains of sandstones and alternating bands of 

coarse and fine sediments. The sediments of Upper Eocene 

were derived from both uprising North Eastern Himalayan 

region and Mikir-Meghalaya plateau. 
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