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ABSTRACT

Aim: The aim of the present research work is to study the petrography and diagenesis of the sandstones in a part of the Surma
Group of the Tichna field located in the western part of the Tripura Fold Belt.

Methodology: The standard petrographic microscope and Scanning Electron Microscope (SEM) were used for studying the
rock thin sections and in identifying the various diagenetic imprints in the sandstones.

Result: The study reveals that the samples are fine to medium grained, sub-angular to sub-rounded, mostly moderately sorted
to well sorted and belong to sublithic-arenite, lithic arenite to feldspathic-arenite varieties. Quartz is the dominant mineral in all
the samples followed by rock fragments and feldspar. Authigenic clay minerals observed are lllite, Chlorite, Kaolinite and mixed
clay types. Important diagenetic changes include compaction, cementation and dissolution of detrital grains.

Discussion: Compaction of the framework grains lead to the development of different type of grain contacts, bending of flex-
ible mica flakes and fracturing of detrital grains. Quartz cementation is observed by the development of euhedral secondary
overgrowths of quartz. Authigenic clay minerals either form coating over the detrital grains or occupies the intergranular pores.
At restricted depth intervals, calcite cement completely fills the pore spaces. The study shows several detrital grains including
quartz, feldspar and lithic grains undergoing dissolution and subsequent replacement either partially or fully.

Conclusion: The analysed sandstones are mostly composed of quartz, rock fragments and feldspar. Compaction effects in-
dicated by bending of mica flakes, grain fracturing, pressure solution and quartz overgrowth; clay authigenesis, cement pre-
cipitation, partial dissolution and replacement are the diagenetic signatures observed from thin section and Scanning Electron
Microscope analyses.
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INTRODUCTION the anticline, while in the flanks and the plunge part, Tipam
and younger sediments are exposed. The generalised strati-
graphic succession in Tripura is shown in Table 1. Sandstone
properties like mineralogy, grain shape, packing, grain size,
sorting, controls the grain-pore relationships and pore—pore
throat characteristics 2. Diagenesis comprises all post-dep-
ositional physical, chemical and biological modifications to

Tripura comprises a part of the Frontal Thrust and Fold Belt
of the Assam-Arakan Basin. The geological map of Tripura
fold belt is shown in Fig. 1. The Tichna structure which is a
north-south trending, doubly plunging anticline is located in
the western most part of Tripura state. To the North-West of
Tichna lies the gas bearing Rokhia structure, in the East &  gediments occurring right from the moment of deposition and
North-East it is surrounded by Baramura, to the South-East continuing through compaction, lithification and beyond .

lies Gojalia and in the western part it is bordered by Bang- According to Schmid, et al., 2004  and Morad et al., 2010
ladesh. As per the ONGC project report, June 2015 [, the

thickness of the Neogene sediments exposed in the Tichna ity of petroleum reservoirs to a great extent. In this paper,
anticline is approximately 1150m. Bokabil sediments of the petrographic and diagenetic studies of a part of the Surma
Surma Group are the oldest sediment exposed at the core of Group of the Tichna Structure are being presented. The ob-

Bl, diagenetic alterations affects the quality and heterogene-
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jective of this study is to acquire an in-depth knowledge of
the mineralogical composition, texture and diagenetic his-
tory of the sediments.

MATERIALS AND METHODS

The standard petrographic microscope, scanning electron

microscope (SEM) was used in the current study. Fifteen
numbers of core and cutting samples (depth range 800
m to 2296m) collected from four wells of the study area
were selected for petrographic and diagenetic studies. For
petrographic study, rock thin section slides have been pre-
pared by cutting and grinding the samples to a standard 30
mm thickness. A Leica DM 750 P Microscope with Leica
DFC 295 digital camera attachment was used for captur-
ing the images of the core and cutting samples studied.
For SEM analysis the samples were prepared by removing
small freshly fractured rock fragment measuring less than
1 cm diameter. Samples were analyzed using a HITACHI
S-3600N Scanning Electron Microscope (SEM) at Oil In-
dia Limited, Duliajan, Assam. High resolution SEM images
were used for identifying the mineral morphology, authi-
genic clays and various diagenetic imprints like dissolution
effect, quartz overgrowth, etc.

RESULTS

The studied Surma Group sandstones are fine to medium
grained. The framework grains are predominantly sub-an-
gular to sub-rounded and are mostly moderately-sorted to
well-sorted. The samples are found to be texturally sub-
mature to mature. The framework grains of the investigated
Surma Group sandstones are dominated mostly by the sta-
ble mineral quartz, with concentrations up to 58%. Feldspar
constitutes on an average 6 %. Rock fragments constitutes
on an average 13% of the total framework grains. Detri-
tal mica (average 5 %) is also common. Matrix occupies
upto 9.1%. A few heavy minerals are also found in minor
amounts in the investigated samples. Following Dott’s clas-
sification scheme the sandstones are found to be mostly
sublithic arenite to sub-feldspathic arenite and lithic-aren-
ite type (Fig.2). The important diagenetic changes of the
present study that have been observed from thin section and
Scanning Electron Microscope analyses are compaction of
the framework grains leading to pressure solution effect,
authigenic development of minerals and overgrowths, al-
teration and replacement of framework grains, precipita-
tion of different types of cements, development of grain
contacts, development of intragranular fracture due to dif-
ferential compaction, etc.

DISCUSSION

Petrography

Quartz occurs predominantly as monocrystalline quartz al-
though polycrystalline varieties have also been recorded.
Feldspar includes both potassium (K) and plagioclase feld-
spar. Rock fragments are dominated by metamorphic and
sedimentary varieties with rare volcanic grains. Detrital
mica consisting of both muscovite and biotite is commonly
observed in most of the samples. A few heavy minerals like
zircon, tourmaline etc. have been recorded.

Diagenesis:

Compaction and pressure solution: Due to the overbur-
den pressure physical compaction of sediments was initi-
ated which progressively accelerated with increasing depth
of burial. Compaction effects of the investigated samples is
documented by packing readjustment, plastic deformation
of ductile grains, bending of flexible mica flakes (Fig. 3a),
deformation of ductile grains and simple and complex frac-
turing of detrital grains of quartz (Fig. 3d), feldspar and rock
fragments. All type of grain contacts are developed due to
compaction (Fig. 3b). The straight and long contacts of the
framework grains observed in the present study corresponds
to the early stage of diagenesis, while the concavo-concave
and sutured contacts (developed due to pressure solution, in-
itiated by compaction) represent the relatively later stage of
diagenesis 6. Pressure solution has also led to some quartz
cements to be precipitated along siliceous grain boundaries,
as quartz overgrowths (Fig. 3b & 3c). In some samples the
effect of compaction was ceased by the precipitation of mas-
sive calcite. At certain depth, development of pseudomatrix
by crushing of soft lithic fragments is observed.

Cementation: Cement is precipitated during burial diagen-
esis due to changes in temperature, pressure, and ion con-
centration in pore water. Quartz cementation is observed
by the development of euhedral secondary overgrowths of
quartz (Fig. 3¢) formed in crystallographic continuity with
the quartz framework grains. Very often the boundaries be-
tween the quartz framework grains and the overgrowths are
commonly marked by thin, dust rims of very fine-grained
mineral material (mostly iron oxides and clay minerals). In
some cases, incomplete quartz overgrowths are seen which
is probably due to inhibition by thin, discontinuous chlorite
rims. Calcite cement occurs as intergranular pore-filling ce-
ment and sometimes tends to be patchy and irregular sug-
gesting complete or partial replacement of the detrital con-
stituents of the sediment. The origin of early poikilotopic
calcite cement (Fig. 3f) may be associated with recrystalliza-
tion of significant amounts of skeletal debris present at the
time of deposition of the sands . Development of calcite
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cement also took place in the intermediate diagenetic stage
as indicated by the closer packing of the surrounding grains
due to compactional. In some calcite cement dominated sam-
ples, the detrital framework grains appear to be floating in
the calcite cement (Fig. 3f) which is due to the displacement
of grains owing to calcite precipitation. Traces of pyrite iden-
tified as black patches in thin sections are observed in a few
samples. Under Scanning Electron Microscope, framboidal
pyrites (sometimes partly broken) are seen to occur within
intergranular pore networks. Iron cements mostly occur as
coatings on the detrital grains and over silica and clayey ma-
trix.

Clay authigenesis: In the present study the authigenic clay
minerals, as identified from thin section studies and Scan-
ning Electron Microscope analysis are illite, chlorite and
kaolinite. Under Scanning Electron Microscope, authigenic
illites occur as flake-like platelets within pore spaces or as
thin coating around detrital grains (Fig. 3g). In some cases
illite-smectite mixed layer clay was also found to form a mat
locally over the detrital grains. From Scanning Electron Mi-
croscope analysis, kaolinite is recorded in the form of clus-
ter of books with pseudo hexagonal platelets stacked face-to
face, locally distributed within the intergranular pores (Fig.
3h). The identified authigenic kaolinite has been interpreted
to be an in-situ alteration product of K-feldspar at tempera-
ture greater than 100°C B!, Authigenic chlorites are identified
by their typical euhedral and pseudo hexagonal platelets ar-
ranged in rosette, cluster, or face-to-face stacked pattern un-
der Scanning Electron Microscope. They are found to occur
as pore filling (Fig. 3i) in intergranular networks or as thin,
uniform green rims around the detrital grains. In the present
study the direct replacement from detrital biotite or direct
precipitation from pore water is the most likely mechanism
for chlorite precipitation.

Dissolution and alteration: Both thin section and SEM
study of the analysed sandstones show several detrital grains
including quartz, feldspar and lithic grains undergoing dis-
solution (Fig. 3e). These grains are subsequently replaced
either partially or fully. Replacement by calcite cement is
evidenced by corroded and crenulated boundaries of detrital
quartz (Fig. 3f), feldspar and lithic grains. Late diagenetic
stage dissolution is indicated by dissolution of authigenic
calcite cements . In the present study a few detrital grains
of quartz, feldspar and biotite were found to be partially or
completely altered. Dissolution and alteration of unstable
feldspar grains to kaolinite, vaculization of quartz and altera-
tion of biotite grains to chlorite is observed in a few cases.

CONCLUSION

The analysed sandstones of the Surma Group are fine to me-
dium grained and are mostly moderately sorted to well

sorted and are classified mainly as sublith-arenite, lithic
arenite to feldspathic-arenite variety. Detrital framework
constituents of the sandstones are dominated by quartz, fol-
lowed by rock fragments, feldspar and micas. Diagenetic
signatures observed from thin section studies in association
with Scanning Electron Microscope analyses include com-
paction, indicated mostly by bending of mica flakes, grain
fracturing and pressure solution forming different grain-
contacts and quartz overgrowth. Different types of cement
precipitated include calcite cement which at restricted depth
intervals completely occupies the pore spaces and quartz
cement in the form of quartz overgrowths. The commonly
recorded authigenic clay minerals include illite, chlorite and
kaolinite. Chlorite and illite occur as grain coatings, rims or
in pore filling form. Kaolinite the least abundant clay miner-
al is seen as isolated pore filling and forms as an insitu altera-
tion product of pre-existing feldspar. Partial dissolution and
replacement by cementing material are observed in quartz,
feldspar and lithic grains.
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Figure 1: Geological map of the Tripura-Fold Belt, Indial'"!
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Figure 2: Trilinear plot for classification of the analysed sandstones of the study area ['?

Figure 3: a. Thin—section photomicrograph showing compacted mica grain (M), b. Thin section photomicrograph showing quartz
overgrowth (QO) and the different type of grain contacts viz. long contact (LC), concavo-concave contact (CC) and sutured
contact (SC) developed with progressive burial leading to pressure solution, ¢. SEM photomicrograph showing pyramidal quartz
overgrowth, d. Thin—section photomicrograph showing intragranular micro-fracturing (fr) of quartz grains (Q) due to compac-
tional effects, e. SEM photomicrograph showing dissolution of feldspar, f. Thin—section photomicrographs showing framework
grains exhibiting floating texture with early poikilotopic calcite cementation (Ca) completely filling the pore spaces. Corrosion
(Corr) along the outer margin of the quartz grains (Q) by calcite cement is seen. SEM photomicoraph showing different identified
clay minerals viz. g. Authigenic illites coating detrital grains, h. Vermiform kaolinite (K) attached to the pore walls, i. Pore filling
chlorite cement.
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