
CHAPTER - VI 

PETROGRAPHIC STUDIES

GENERAL

Petrographic study has been carried out on representative litho units 

of different formations i.e Lathi, Jaisalmer, Baisakhi and Bhadasar 

formations of the Jurassic sediments. In this sequence the Lathi, 

Baisakhi and Bhadasar formations are predominantly a clastic 

sequence while the Jaisalmer Formation is mainly a carbonate 

sequence with thin interbeds of calcareous sandstone. For the sake

of convenient and better understanding of microfacies, the clastic as 

well as carbonate sections, have been dealt separately formation wise.

MICROFACIES OF CLASTIC SEDIMENTS

The microfacies were identified on the basis of petrographic 

characters of clastic sequence of Jurassic sediments, following the 

scheme of classification adopted by William, Turner and Gilbert, 

(1953), and later on modified by Dott. (1964). The important 

microfacies has been discussed formation wise In proceeding paragraphs.

LATHI FORMATION

The Lathi Formation comprises a sequence of conglomerate, coarse 

grained, poorly sorted, sandstone and siltstone with abundant 

fossilwood, mostly ferruginised and occasionally silicified. The



124

lower part of Lathi Formation (Odania Member) is characterised by 

conglomerate bed, followed by a sequence of white to maroon 

siltstone, coarse to medium grained^ poorly sorted, gritty sandstone 

which grades upward to siltstone, exhibiting fining upward sequence. 

In the scarp section of south of Bhojaka and Akal areas the 

sandstones are light grey to grey in colour, soft, medium to coarse, 

moderately compacted and occasionally well bedded. Based on the 

petrographic characters, the following microfacies have been identified 

within rocks of the Lathi Formation (Table VI. 1).

(a) Quartz wacke.

(b) Quartz arenite

(c) Siltstone.

Quartz wacke

This microfacies is composed of fine to medium grained, moderately 

sorted, subangular to subrounded mainly monocrystalline quartz grains 

(60-80%;Plate VI.1A) at places showing bimodal population; one 

characterised by fine grained and other medium to coarse grained, 

suggesting existence of more than one provenance providing detritus 

to the area. Feldspars are occasional, at places vary from 2-5% and 

are basically plagioclase. The rock fragments are in minor amount

ranging from 2-5%, composed of mainly chert and traces of

chalcedony. Micas are present throughout the section in this

microfacies, out of which, muscovite is a common mineral. The

infilling material acting as matrix are basically chloritomicaceous 

clays ranging from 15 to 25%. At places the ferruginous matter has
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A. Photomicrograph of quartz wacke showing moderately 
sorted fine grained aggregates of quartz, mica flakes set 
in clayey matrix, tiny crystals of calcite observed within 
the matrix, Thaiyat Member, Lathi Formation; X55; XN.

B. Photomicrograph of calcareous quartz arenite showing 
bimodal populations of quartz grains suggesting existence 
of more than one provenance, Odanla Member Lathi 
Formation; X45; XN.
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also been observed within the matrix as isolated patches. This 

microfacies constitutes more than 70% of the Odania Member - .the 

lower part of Lathi Formation, while in the upper part it ranges 

from 50-55% and becoming finer.

Quartz arenite

This microfacies is generally fine grained, at places fine to medium 

grained, composed of predominantly monocrystalline quartz (90-95%), 

which are subangular to subrounded and moderately sorted (Plate VI. 

IB). At places overgrowth of the quartz (Plate VI. 2A) have also 

been observed in the lower part the section. Feldspars are basically 

plagioclase ranging from 2-5%, rock fragments are generally chert 

and chalcedony in minor proportion. This facies occurs in 

approximately subequal proportion (25-30%) in the upper and lower 

members of this formation and becomes more finer in upper section 

as compared to lower section.

The infilling materials in this microfacies are ferruginous 

clays ranging from 2-3%. The intergranular spaces have been

occupied by sparry calcite cement (Plate VI. 1B), which has

corroded the quartz boundaries in lower part of the section, • giving 

an appearance of more angularity to the grains.

Siltstone

This microfacies is characterised by predominance of very fine
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A. Photomicrograph of calcareous quartz arenite showing 
quartz overgrowth and sparry calcite cement, Odania 
Member, Lathi Formation; X45; XN.

B. Photomicrograph of quartz arenite showing bent mica, 
strained and fractured quartz suggesting effect of tectonic 
episode, lower part of Odania Member, Lathi Formation; 
X45; XN.
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grained sands to silt grade quartz (75-80%), subangular to

subrounded, moderately sorted with occasional presence of plagioclase 

feldspar. Tiny muscovite mica flakes are evenly distributed within 

the ferruginous matrix.

The infilling materials are basically ferruginous clay matter 

ranging from 15-30%, (Plate VI. 3A). Fine tiny crystals of dolomites 

have been observed within the matrix. At places replacement of

calcite which is occuring in patches, by ferruginous matter, has also 

been noted. This microfacies has been marked in upper part of the 

section (Thaiyat Member) as thin interbeds within sandstone section, t-

JAISALMER FORMATION (CLASTIC SEQUENCE)

The Jaisalmer Formation is predominantly a carbonate section with 

intercalation of calcareous sandstones. The petrographic details ahd 

microfacies studies of carbonate sections has been dealt separately in 

a separate subtitle ’microfacies studies of carbonate section of 

Jaisalmer Formation'. The clastic sections of this formation are 

basically fine to medium grained, calcareous sandstone, whitish grey 

to yellowish brown in colour having cross bedded features.

The petrographic details of the clastic sequence show 

predominantly calcareous quartz arenite (Plate VI. 4A) with thin 

interbeds of calcareous and ferruginous quartz wacke (Plate VI.4B).

The calcareous quartz arenite is characterised by presence of
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A. Photomicrograph of argillaceous siltstone microfacies of 
Odania Member, Lathi Formation showing aggregate of fine 
to very fine sand grade quartz set in clay matrix, at 
places influx of ferruginous matter and tiny particles of 
dolomite within the matrix is also observed; X55; XN.

. Photomicrograph of calcareous quartz arenite showing 
aggregate of quartz, plagioclase feldspars and chert 
fragments, Hamira Member, Jaisalmer Formation; X55; XN.
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quartz grains, (90-92%), fine to medium grained, subangular to 

subrounded and moderately sorted along with a few plagioclase 

feldspars and chert fragments (Plate VI . 3B). Calcite and

occasionally dolomite acting as cementing material binds the

framework (Plate VI-4A). In some of the sections boundaries of the 

quartz grains are corroded by the calcite cement and at places calcite 

spars have been developed as spary cement can change the name of 

the rock from arenite to wacke.

«

This facies has been marked as thin beds at the base of 

each member of Jaisalmer Formation in the exposed section. In 

calcareous quartz arenite facies of Hamira and Joyan members, coarse 

rhombs of zoned dolomite are observed (Plate VI.4A). This is 

probably due to subaerial diagenesis of outcrop by meteoric water. 

Similar microfacies has also been encountered in subsurface section of 

Jaisalmer Formation in Bhuana and Sumarwali Talai structures.

BAISAKHI FORMATION

The Baisakhi Formation comprises essentially of alternation of fine 

grained sandstone and gritty shale with occasional claystones. The 

sandstones are white to grey, occasionally pale yellow and brown, 

thinly bedded and moderately compacted with occasional encrustations 

of ferruginous concretions and nodules. At places, clays are 

variegated with shades of grey, pale yellow and purple colour and

are gypseous in nature.



PLATE-VI.4 135

Photomicrograph showing subrounded occasionally 
subangular and rounded quartz bound by ferruginous 
matrix. Partially quartz grains are cemented by zonned 
ferron dolomite and calcite, Hamira Member, Jaisalmer 
Formation; X55; XN.

Photomicrograph showing dominantly angular to subangular 
quartz set in ferruginous clay matrix polycrystalline 
quartz are also seen, Kuldhar Member, Jaisalmer 
Formation; X55; XN.
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The following microfacies has been identified in the sandy 

section of this formation, the details are given in Table VI.2.

Quartz wacke

This microfacies is characterised by fine to medium grained, 

subangular to subrounded quartz (55-80%), feldspar predominantly 

plagioclase (2-5%), mica occurs occasionally as muscovite aicngwith 

rock fragments (5-10%), the rock fragment composed of mainly chert, 

argillites and fine grained siltstone. Matrix as infilling material 

ranging from 15-20%, is basically clayey, admixed with fine silt 

grade quartz. The quartz grains are predominantly two types (1) 

monocrystalline (60-80%) and (2) polycrystaliine (40-20%). At places 

bimodal population of the quartz grains has also been observed in 

the upper part of the formation in Ludharwa and Rupsi members 

(Plate VI.5A).

Influx of the ferruginous matter has been observed in the 

microfacies of Ludharwa and Rupsi members with more dominance of 

plagioclase feldspars, giving the name of microfacies as ferruginous 

quartz arenite (Plate VI.5A).

The lower most part of the formation (Baisakhi Member) is 

characterised by influx of calcareous matter within the clayey matrix 

along with ferruginised shell fragments giving its nomenclature as 

calcareous quartz wacke (Plate VI.5B).
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PLATE-VI.5 139

Photomicrograph showing fine to medium grained, ill 
sorted quartz and occasional feldspar in quartz arenite 
microfacies. The cements are mainly ferruginous. At 
places calcite cements are also observed. The quartz 
boundaries are corroded by calcite, Ludharwa Member, 
Baisakhi Formation; XA5; XN.

Photomicrograph of calcareous quartz wacke comprising 
dominantly fine grained quartz set in calcareous clay 
matrix. Occasional feldspar and ferruginised shell
fragments are also observed. The quartz boundaries are 
generally corroded by calcite, Baisakhi Member, Baisakhi 
Formation; XA5; XN.
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The vertical distribution of average mean grain size in the 

microfacies of the Baisakhi Formation as a whole, characterised by 

coarsening upward trend and the maturity of the sand along with better 

sorting and textural characteristics suggest marine influx during 

deposition of the sediments.. Basically the two types of quartz 

grains and their bimodal population suggest more than one type of 

provenance responsible for supplying the detritus.

BHADASAR FORMATION

The Bhadasar Formation is characterised by ferruginised gritty 

sandstones interbedded with friable red sandstones, followed by 

brown argillaceous fine grained sandstones. On the basis of 

petrographic details, the following microfacies have been identified in 

the formation. (Table.VI.3).

Quartz wacke

This microfacies is characterised by fine to coarse grained, poorly 

sorted quartz (70-80%), feldspars (2-5%) predominantly plagioclase, 

occasional rock fragments, at places varying from 3-5% with 

ferromagnesian minerals (2-3%), set in ferruginised clayey matrix 

(Plate VI. 6A). The quartz grains show bimodal populations being 

polycrystalline and monocrystalline in nature. At places overgrowth 

in the quartz has also been observed (Plate VI.6B).

In the lower part of the formation, the quartz wackes are
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PLATE-VI.6
142

11, v

A. Photomicrograph of quartz wacke comprising fine to
medium grained, mainly monocrystalline occasionally 
polycrystaline quartz and feldspar (microcline) set in 
ferruginous clay matrix. At places patches of calcite are 
also seen, Mokal Member, Bhadasar Formation; X45; XN.

B. Photomicrograph of quartz arenite showing aggregates of 
moderately sorted grains of quartz, feldspars set in 
admixed matrix of ferruginous clays and calcareous 
matter. Corroded quartz boundaries, overgrowth of
quartz and ferruginous rim around the quartz grains are 
observed, Kolar Dungar Member, Bhadasar Formation; X55;
XN.

t
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poorly sorted, having fine to coarse grained quartz at places very 

coarse to gritty in nature showing immaturity of the sediments. In 

the upper part of the formation i.e Mokal Member, this microfacies 

is composed of fine to medium grained, subangular to subrounded 

quartz grains with feldspars.

Quartz arenite

This microfacies is characterised by fine to medium grained, 

subangular to subrounded, moderately sorted grains of quartz (85-90%) 

with occasional occurrence of feldspar and mica flakes. The infilling 

materials are basically ferruginous clays admixed with calcareous 

matter (15-10%) (Plate VI.6B). This microfacies has been observed in 

upper part of the formation i.e Mokal Member with rare occurrence 

in the lower part. Quartz overgrowth and ferruginous rim around the 

quartz grains are common phenomenon suggesting increasing trend of 

lithification and maturity of the facies from bottom to top in the 

vertical section of the formation.

Oolitic quartz wacke

This microfacies is characterised by poorly sorted, fine to coarse 

grained, quartz (30-40%), ferruginous sideritic oolite and pellets (30- 

40%) set in ferruginous clayey matrix (20-25%). This facies has been 

observed in Kolar Dungar Member within the sandstone section, 

suggesting agitating shallow water condition during the deposition of

the sediments.
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The vertical profile of the microfacies in the formation 

shows a fining upward trend and moderate to poorly sorted nature of 

the grains suggesting dominance of continental environment during 

deposition of the sediments.

MICROFACIES STUDIES OF JAISALMER FORMATION (CARBONATE SECTION)

Petrographic studies have been carried out for representative samples 

of carbonate section of Jaisalmer Formation, to identify the different 

predominant microfacies. Various schemes of classification of

carbonate sediments by R.L. Folk (1959), M.W. Leighton and C.

Pendexter (1962) and R.J. Dunham (1962) were published nearly

simultaneously. In the present study, classification of carbonates by 

Dunham (1962) has been adopted since it is essentially a textural 

classification and is more valuable for lithified rocks. It is more 

explicitly descriptive than other schemes and has added the

advantage of indicating textural elements from which depositional and 

diagenetic processes can be deduced.

The limestone consists of mainly three identifiable 

components grains (both skeletal and non skeletal), mud (micrite) and 

cement (sparite). The main skeletal particles observed in carbonate 

section of Jaisalmer Formation are echinoids, pelecypods, gastropods, 

brachipods, algae, corals, and smaller forams. The non skeletal 

bodies include pellets, oolites, intraclasts and terrigenous particles 

which includes mainly quartz. (Table VI.4).
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The main microfacies identified are-

- Mudstone

- Pelletal wackestone

- Bioclastic wackestone

- Pelloidal-bioclastic packstone 

Pelletal grainstone

- Oolitic grainstone 

Oncolite - Oolitic grainstone

Mudstone

This microfacies is mud supported comprising clay sized lime mud 

(micrite with less than 10% grains). The grains are generally smaller 

forams and small skeletal fragments (Plate VI.7A). At places they 

are recrystallised and selectively dolomitised.

The mudstone microfacies has been observed in upper part of. 

Hamira Member and lower part of Badabag Member of Jaisalmer 

Formation in exposed section. In the subsurface section this 

microfacies has been observed in the upper part of Bhuana, Vikran 

Nai, Bakhari Tibba, and Sadewala structures and also in the lower 

part of Bhuana and Sumarwali Talai structures-

Pelletal wackestone

This is also a mud-supported microfacies but it contains more than



PLATE-VI.7 148

A. Photomicrograph of mudstone microfacies comprising 
micrite and scattered small skeletal shell fragments, 
Jaisalmer Formation, Vikran Nai Structure; X55; XN.

B. Photomicrograph showing mud supported microfacies of 
pelletal wackestone comprising of fine grained micritic 
pellets along with smaller forams. At places micritic 
matrix shows sparitisation, Kuldhar Member, Jaisalmer 
Formation; X55; XN.
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10% grains. As the name of the microfacies implies, it contains fine

to very fine grained micritic pellets. In some samples, smaller
* *

forams are also observed . along with pellets (Plate VI.7B). The 

pellets are set in micritic matrix which at places shows

sparitisation.

This facies has been observed in Fort, Badabag and Kuldhar 

members as thin interbeds in the exposed section while In 

subsurface section, it predominates in upper and middle parts of 

Sadewala Structure.

Bioclastic wackestone

A mud supported microfacies, in which the grains are 20-30%, chiefly 

algal fragments with crinoids and smaller forams. The matrix is 

micrite and microsparite, which at times show selective 

dolomitisation (Plate VI.8A).

This microfacies has been observed as thin beds in Kuldhar 

and Badabag members of upper part of Jaisalmer Formation in 

exposed section while in subsurface section it occurs in the middle 

part of Bhuana and Sadewala structures. Rare occurrence of 

anhydrite and crystalline dolomite have been also noticed at depth 

2033m in subsurface section in Vikran Nai Structure.

Pelloidal-bioclastic packstone

This microfacies is grain supported. The grains (50-60%) consist of



PLATE-VI.8
150

Photomicrograph showing mud-supported, bioclastic 
wackestone microfacies. The bioclasts are generally algal 
fragments and crinoids. The matrix is microspar at 
places showing selective dolomitisation, Badabag Member, 
Jaisalmer Formation; X25; XN.

Photomicrograph showing grain supported pelloidal 1 
bioclastic packstone microfacies. The bioclasts are 
completely sparitised, Fort Member, Jaisalmer Formation; 
X65; XN.



medium to coarse sand grade pelioids, bioclasts,f? predominantly*
if ;

echinoidal plates with occasional oncolites and smaller forams. 

places gastropods with glauconite filled chambers are afs

This microfacies has been noticed in upper part of Kuldhar 

Member in the exposed section, while in middle to lower part of 

Sadewala Structure in subsurface section.

Pelletal grainstone

This microfacies is grain supported, chiefly composed of medium to 

coarse sand sized pelloidal grains. The intergranular spaces are 

generally filled with macrocrystalline calcite (Plate VI.9A).

This microfacies has been observed in upper part of Kuldhar 

Member of Jaisalmer Formation in exposed section. In the subsurface 

section it is well developed in upper part of Sadewala and Vikrah 

Nai Structures.

Oolitic grainstone

This is grain supported microfacies characterised by 80-90%, fine to 

medium sand grade oolites which are spheroidal to ellipsoidal in 

shape. The nuclei! of oolites are mainly quartz and at places fossil 

fragments. The oolite grains show concentric as well as radial

structures (Plate VI.9B). Intergranular spaces are generally filled
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Photomicrograph showing grain supported pelletal 
grainstone microfacies. The pelletes are well sorted, 
very fine grained and micritic in nature. Occasional 
milliolids are also observed alongwith pellets. The 
interspaces are occupied by calcite, Jaisalmer Formation, 
Vikran Nai structure; X55; XN.

Photomicrograph showing grain supported Oolitic 
grainstone microfacies composed of spheroidal to 
ellipsoidal shape of oolites showing concentric as well as 
radial structures, Jaisalmer Formation, Sadewala 
structure; X55; XN.
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with sparry calcite cement. At places due to dissolution of oolitic 

layers at their core as well as peripheral part, oomoldic porosity 

has been developed, which at places, later on filled by sparry 

calcite.

In the exposed section, the upper part of Kuldhar Member is 

characterised by occurrence of oolitic grainstone, oolitic bioclastic 

packstone with interbeds of oolitic wackestone microfacies. Thin 

intercalation of oolitic grainstone facies has also been observed in 

Fort and Badabag members. In the subsurface section this facies has 

been noticed mainly in the upper part, occcasionally in middle part 

of section in Bhuana, Vikran Nai, Bhakhari Tibba and Sadewala 

structures. In the subsurface section in Vikran Nai structure around 

1725m depth, thin beds of coralline-oolitic grainstone facies has been 

observed (plate VI.10A).

Oncolite-oolitic grainstone

This is grain supported, predominantly oolitic grainstone facies but 

contains some oncolites (Plate VI.10B) along with oolites. Oolites 

are commonly ferruginised in nature. Oncolites are algal grains 

composed of non calcareous green or blue green algal coating on 

nucleus (Bechar and Moore, 1979).

This microfacies has been observed at top of Jaisalmer 

Formation encountered in subsurface section in Sumarwali Talai

Structure.



PLATE-VI.10 !54

A. Photomicrograph of coralline - oolitic grainstone microfacies 
observed in upper part of Jaisalmer Formation in Vikran 
Nai structure; X55; XN.

B. Photomicrograph showing grain supported Oncolite-oolitic 
grainstone microfacies comprising algal coated oncolite 
grains. The nucleii of the grains are micrite and fossil 
fragments. At places microsty lolite junction has been 
noticed along the grains boundaries. Fracture and 
solution porosity has also been observed in this 
microfacies. Jaisalmer Formation, Sumarwali Talai
Structure; X2U; PP.
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In general the microfacies identified in carbonate sequence in 

jaisalmer Formation are more or less similar in both exposed section 

as well as in subsurface section encountered in different structures 

from SSE to NNE. However in carbonate section the microfacies are 

more arenaceous in outcropping area than in subsurface section. 

These microfacies are thickening from Mari Jaisalmer Arch area to 

basinal side in Bakhari ..Tibba and Sadewala structures (Fig. IV.4). 

The proportion of clastic supply in outcrop section is more 

pronounced than its counterpart in subsurface section.

On the basis of variation in microfacies and occurrence of their 

different constituentsv prevailing energy conditions have been identified, and

in general five sedimentary cycles > (1-V) has been established in Jaisalmer 

Formation. In general mudstone and wackestone facies were deposited 

in low energy condition, while packstone and grainstone facies in 

moderate to high energy condition.3_ The sandstone which is basically 

calcareous quartz wacke and quartz arenite represent moderate to high 

energy condition in near shore environments.


