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ABSTRACT

The Middle Jurassic carbonate rocks exposed around Jaisalmer are mainly wackestones, 
packs tones, grains tone and a few mudstones. The framework building materials are i) the 
skeletal fragments of algae, mollusc, brachiopod, echinoid, foraminifera, rare sponge and 
corals and ii) the non-skeletal particles of pellets, oolites, aggregate grains, intraclasts, 
extraclasts and terrigenous materials. The main authigenic constituents of these rocks are 
various pore filling cements and other later formed neomorphic material. Compaction and 
authigenesis are the main diagenetic changes observed in these rocks. The approximate 
sequence of diagenetic events include i) deposition of bioclasts and other sediments with 
Mg-calcite and aragonite, ii) micritization and formation of micritic coats over particles, 
iii) intergranular cementation including fibrous calcite and syntaxial overgrowths, iv) 
neomorphic inversions—aggrading and degrading, v) dolomitization and finally vi) silica 
replacement. The depositional environment of these carbonates characterizes an early 
littoral shallow marine condition influenced by fresh water influx, followed by the middle 
stable marginal marine environment and the final restricted lagoonal high energy 
environment marking the close of Jasialmer sedimentation.

INTRODUCTION

The carbonate and clastic rocks of 
Jaisalmer Formation exposed in an area of 
about 600 sq. kms around Jaisalmer town in 
Rajasthan belong to Middle Jurassic 
age. The Jaisalmer Formation overlying the 
sandy Lathi Formation and underlying the 
shaly Baisakhi Formation is divisible into 
five members (Table 1),

The Jaisalmer Formation rich in fossils 
has been studied extensively for its 
palaeontology and stratigraphy (Dasgupta 
1974). However, a proper understanding of its 
petrographic rock types and diagenetic history 
has not received proper attention. The present 
study has been undertaken with the following 
aim and objectives:

a) to define various microfacies charac
teristics of the carbonates,
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TABLE 1. LTTHOLOGICAL UNITS OF JAISALMER FORMATION

195

Formation Members Lithology Typical Sections Age

Baisakhi Intercalated fine
grained argillaceous 
sandstone and grey 
shales, hard argi
llaceous sandstone, 
grey to black shale, 
gypseous clay streaks, 
sandy siltstones.

-----------Unconformity-----------
Kuldhar Agrillaceous, ferruginous

silly and oolitic limestone 
types ; oolitic shale, 
gypsifcrous clays and 
sandstone

Badabag Cross-bedded clacarcous
sandstone dolomitized 
sandy limestone, intra- 
formational conglomerate, 
sandstone.

Jaisalmer Fort Oolitic, coarse, sandy
(490 m) fossilifcrous lirpestone,

crossbedded sandy lime
stone. Fine to medium 
grained sandstone.

Joyan Coquinodial limestone
gritty-sandstone, 
ferruginous sandstone.

Hamira Sandy limestone
calcareous sandstone 

J and marl bands

Lathi -------Graded contact-------
Calcareous sandstone 
variegated calcareous sandy 
silt stone, conglomerate 

• with fossil tree trunks in
fossil tree trunks in 
coarse sandstone.

Kimmerid-
gian

Kuldhar Nala 
section

Badabag hill 
scarp section

Fort escarpment 
section

Jaisalmer to 
Thiat Road

Thait scarp 
and section 
near Hamira 
village

Late
Callovian
to
Oxfordian

Middle
Callovian

Early
Callovian

Bajocian
to
Bathonian
Bajocian
to
Bathonian

Lias

5
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b) to know the distribution of various 
petrographic types,

c) to understand the effect of diageneuc 
modifications, and finally,

d) to interpret the depositional environ
ment of these rocks.

In all about two hundred samples collected 
systematically through three major traverses 
have been examined for various types 
of thin section, polished and etched surface 
studies.

PETROGRAPHY

Thin section petrographic study of 
carbonate samples helps us to know the 
mineralogy, texture and nature of diagenetic 
alterations. The Alizarine red-S test indicates 
the presence of dolomite in a few samples. 
The basic categories of various limestone 
particles have been describ'xl as follows:

Skeletal Particles

The fossil remains of calcareous algae, 
mollusc, echinoidea, brachiopoda, foramini-

fera, rare sponge and corals are proved to be 
the main skeletal elements in these rocks.

Calcareous algae : (Fig. 1.1) The calcareous 
algae under microscope has been identified by 
their (i) growth forms and geometrical shape 
(encrusted, erect e.g. dasycladacean; micron
sized filaments e.g. blue green algae), internal 
shell structure and (ii) microstructures and 
ultrastructures (rarely preserved in this 
sections). In thin sections, the microgranular 
elements appear dark in transmitted light and 
sparite elements are light coloured. Though 
algal fragments occur almost throughout the 
sequence, they are not well preserved. In 
general, algae identified from these rocks 
belong to Solenporaceae and Dasycladaceae 
families and commonly occur in the form of 
pellets, filaments, tubes and broken debris.

Echinoids : (Fig. 2.6) Echinoid fragments 
found in most part of the Jaisalmer sequence 
are represented by random slices through 
skeletal plates and spines. These fragments 
under microscope have been identified as 
follows : (i) the optical character of the

Figure 1.

Fig. 1.1 Photomicrograph showing calcareous phyllodial algal particles. (Sample No. H4, Hamira 
Member)

Fig. 1.2 An example of crossed-lamellar wall structure of pelecypod along with oolites and pellets 
enclosed in fine grained calcitic matrix. (Sample B4, Badabag Member)

Fig. 1.3 Longitudinal section of gastropod, micritic filled (right in the center) along with pelecypod shell 
fragments. (Sample No. F3, Fort Member) ,

Fig. 1.4 Unfilled inlragranular porosity (within a large algal grain). Porosity is black. (Sample No. B7, 
Badabag Member)

Fig. 1.5 Section of monoxon sponge spiculc is parallel to long axis. (Sample No. F3, Fort Member)
Fig. 1.6 Largely obliterated cross section of a foraminiferal test (miliolid) se£n in center. The disrupted 

oolites show compaction effects. (Sample No. K4, Kuldhar Member)
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individual elements—each individual element 
(plates, spines etc.) acts optically as a single 
crystal of calcites consequently, each element 
will be uniformly extinct under crossed nicols 
in polarising microscope. This uniform 
reaction of the skeletal elements is caused by 
the parallel arrangement of the c-axis of many 
of the crystals, (ii) clear mesh work 
structures—the plates and spines exhibit an 
open mesh work in the centre and denser 
mesh work towards the margin, iii) gray or 
yellowish colour in transmitted light, iv) 
characteristic outlines, v) typical internal 
microstructures and vi) diagenesis— 
echinoderm grains are commonly surrounded 
by a corona of clear calcite cement deposited 
in optical continuity with the original grains 
(Fig. 2.6). These fragments appear to be less 
susceptible to complete replacement or 
recrystallization.

Mollusc and Brachiopods : (Figs. 1.2 and
1.3) The fragments of mollusca and 
brachiopoda shells are another group of

fossils commonly occurring in these rocks. 
These two are differentiated on the basis of 
preservation, morphostructures and micro
structures in addition to their shell 
mineralogy. Molluscan shells are commonly 
altered to clear, fine to medium crystalline 
calcite mosaic, whereas, in brachiopod shell 
fragments, the internal structures are well 
preserved. Among molluscs, peclecypods and 
gastropods occur almost throughout the 
sequence and cephalopods are restricted to the 
upper part only. In many of the gastropod 
shells the internal structure is replaced by 
later formed crystalline calcite. A thin micrite 
coating is observed on many of the 
fragments.

Sponge and Coral : (Fig. 1.5) These 
fragments occur in small quantities within the 
Jaisalmer Formation. In a few instances, the 
limestones contain hollow or calcite-filled 
external molds of siliceous sponge spicules. 
In some of the samples the presence of chert is 
indicative of the presence of sponges (Flugel

Figure 2.
f  (Magnification-40x, otherwise slated)

Fig. 2.1 Superficial oolites with fibrous calcite coating normal to the oolite surface. (Sample No. F2, 
Fort Member)

Fig. 2.2 True oolites with two or more laminae and nucleus of oolites with subrounded quartz grain seen 
right in the centcr. (Sample No. B2, Badabag Member)

Fig. 2.3 Large, rounded grains without any well preserved internal structure are clearly reworked carbonate 
particles. (Sample No. B3, Badabag Member)

Fig. 2.4 Photomicrograph showing nucrocrystalline calcite cement (Micrite) and recrystallized coarse 
calcitic cement (Sample No. HI, Hamira Member)

Fig. 2,5 Medium grained crystalline calcitic mosaic along with fine micrite. (Sample No, BIO, Badabag) 
Fig. 2.6 Syntaxial rim‘cementation of echinoid grains. Grains are surrounded by an optically continuous 

cementing rim of calcite. (Sample No. BIO, Badabag Member)
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1982). Coral fragments in some of the 
samples, the longitudinal and oblique sections 
of septal elements exhibit a net like porous 
structure and these fragments sometimes are 
confused with echinoid plates.

Foraminifera : (Fig. 1.6) The foraminiferal 
tests occur at some stratigraphic levels in 
minor quantities. A few benthic, calcareous 
foraminiferal assemblages have been identified 
in thin sections, which could belong to 
Textularia, Nodosaria -  Miliolids and 
Orbitoides.

Non-Skeletal Particles

The most common non-skeletal particles 
in these rocks are pellets, colites, aggregate 
grains, intraclasts, extraclasts and terrigenous 
materials.

Pellets: The pellets are rounded, spherical to 
elliptical ovoid aggregates of microcrystalline 
calcite ooze, devoid of any internal structure. 
They show uniformity of .size of 0.08 to 0.30 
mm and are characterized by moderate to good 
sorting and can be distinguished from oolites 
by lack of radial or concentric structures and 
from intraclasts by lack of definite internal 
structure. The brownish colour appearance in 
convergent light may be due to some 
unidentifiable organic matter. The uniform 
size, shape, good sorting, together with their 
restriction to wackestone and mudstone 
suggest that they might have resulted from 
the reworking of weakly compacted lime mud 
by bottom dwelling organisms and 
characterize subtidal and shallow intertidal 
coastal areas (Flugel 1982). In some samples, 
the recrystallization of pellets, matrix or both

produce microspar which blurs the 
boundaries. Some pellets are oval in 
longitudinal section and commonly show 
distortion, probably as a result of 
compaction.

Oolites : (Fig. 2.1 and 2.2) Calcareous 
oolites are common in the Jaisalmer rocks. 
These are usually more or less spherical and 
elliptical carbonate particles with uniform 
concentric laminae around a nucleus. Under 
crossed nicols, some oolites show an 
interference cross which is caused due to radial 
structure. Two types of oolites identified in 
these rocks are (i) superficial oolites which 
show a single lamina (Fig. 2.1) and (ii) true 
or normal oolites (after Carozzi 1957) 
showing more than two laminae (Fig. 2.2). 
The skeletal fragments, terrigenous particles 
serve as nuclei around which the oolite layer 
is deposited. The inner laminae of some of 
the oolites has been collapsed and distorted 
and filled with sparite, chert or dolomite, 
which may be due to compaction and 
diagenesis. Some of the oolites characterized 
by lighter lamelle with radially orienled 
fibrous acicular layer, oolites with primary, 
purely concentric or radial texture seem to be 
related to a change in the mode of transport 
from suspension to bed load when the oolites 
reach a crictical size (Heller et al 1980). In 
contrast to oolites with tangential structures, 
which originate in high energy environments 
(but also in hyper-saline waters, Garber et al 
1981), the Quiet water oolites in both 
marginal m arine and non-m arine 
environments are characterized by radial- 
fibrous structure.

Aggregate grains : These are irregular 
aggregates of particles agglutinated by
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micritic cem ent. These internally 
structureless, non-skeletal particles are 
rounded and sometimes angular, ranging from 
fine to coarse sand size. The formation of 
aggregate grains occur generally in subtidal 
and intertidal shallow-water environments 
with restricted circulation. The presence of 
ooids in the aggregate grains indicates a change 
in water turbulence (Winland et al 1974).

Intraclasts and Extraclasts : (Fig. 2.3) 
Intraclasts are reworked products of a weakly 
consolidated substrate within the basin of 
deposition. Two types of intraclasts are 
identified from the Jaisalmer rocks which 
include : (i) angular, calcarenitic—produced 
by the mechanical erosion of lithifled beach 
rocks within the intertidal and supratidal 
zones, and (ii) mud intraclasts—formed by the 
desicration of supratidal, partly lithifled and 
sometimes dolomitized calcareous mudstone. 
Extraclasts in these rocks are characterized by 
different types of cements than the rest of the 
particles, presence of recrystallized veins and 
their conspicuously rounded or angular nature. 
In some samples black and coarse grained 
extraclasts similar to black pebbles (Barthel 
1974) are observed.

Terrigenous material : Quartz forms the 
bulk of the terrigenous material (varying upto 
a maximum of 30% in some of the samples, 
is followed by clays in minor quantities. 
Textural characters of the quartz grains show 
characteristic features of river transportation 
and deposition in a beach to shallow marine 
environment (Mahender et al 1989). The X- 
ray diffraction analyses of insoluble clay 
residues suggest the presence of abundant 
illite, followed by. montmorillo-nite, 
kaolinite and chlorite.

Authigentic Constituents

The term authigenic constituents include 
all essentially normal precipitates, formed 
within rock itself, and showing little or no 
evidence of significant transportation (Folk 
1959). In the present rocks the primary or 
void filling cements and secondary or 
neomorphic materials, include:

Microcrystalline calcite : (Fig. 2.4) This 
forms grains of 1-4 microns in diameter and 
is observed in most of the samples as a pore 
filling cement or as micritic coatings over 
various particles.

Sparry Crystalline calcite : (Fig. 1.1) This 
type of calcite generally is of 10 microns or 
more in diameter and is distinguished from 
microcrystalline calcite by its clarity as well 
as coarser crystal size (10 microns or more). 
Sparry calcite usually forms as simple pore- 
filling cement in well sorted sediments, 
whereas, in some of the samples it is not an 
original pore-filling cement but has formed 
by neomorphic inversion of finer carbonate 
grains (aggrading neomorphism, Scoffin 
1987)..

Fibrous cement: Some grains, regardless of 
origin, are commonly surrounded by a thin 
layer of needle-like calcite crystals that grew 
normal to the grain surface (Fig. 2.4). The 
coat, composed of tightly packed short 
crystals of Mg-calcite projecting outward into 
pore space, forms a rind which is generally 
not more than 10 microns thick suggesting a 
shallow marine environment (Flugel 1982). 
In some samples the absence of drusy, fibrous 
coat where particles are in direct contact with 
one another suggests that the acicular layer is
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added secondary. The polygonal contacts of 
the fibrous layer in some of the samples is 
indicative of an early marine cementation in 
marine phreatic environment (Longman 
1980). The theories concerning the origin of 
fibrous or acicular crystals in ancient 
limestones consider not only replacement of 
marine acicular aragonite or high Mg-calcite 
but also void filling calcite, vadose cements, 
or recrystallised micrite (Kendall 1977). The 
main criteria of marine cements is their 
fibrous texture. Distinguishing ancient 
marine fibrous Mg-calcite from aragonite 
cement may be possible on the basis of 
crystal morphology (Loucks et al 1976). 
Other characteristics useful in identifying 
ancient marine phraetic cements include 
marine organisms (eg. algal crusts) encrusting 
the cements and internal sedimentation in the 
cements followed by extensive boring 
(Longman 1980).

Mosaic calcite : Recrystallisation of 
original rock particles to a coarser calcite 
mosaic has been observed in some of the 
samples (Fig. 2.5). Calcareous mud is most

susceptible to this type of alteration and only 
in-rare instances the recrystallization of sand
sized particles are subjected to this type of 
change.

Syntaxial overgrowths : S yn tax ia l 
overgrowth of calcite on an existing nucleus 
is well documented for single crystals of 
eehinoid fragments (Fig. 2.6). This 
overgrowth may be formed due to the 
development of large optically continuous 
crystals of echinoderm fragments which in 
some samples is indicative of early marine 
cementation (Flugel 1982).

Dog-tooth cement : Drusy or blocky granular 
cement with jagged tooth comers, which 
occurs possibly in subtidal and intertidal 
zones (Schneider 1977), is also observed in 
some of the samples (Fig. 3.1).

Dolomite: Partial or complete replacement of 
carbonate by dolomite is common in some of 
the samples. The overlapping or penetrating 
nature of dolomite into some pre-existing 
carbonate particles is indicative of the 
replacement origin of dolomite at a later

Figure ^  3>
(Magnifkation-4Gx, otherwise stated)

Fig. 3.1 Photomicrograph showing dog tooth type of cement (left bottom). (Sample No. H3, Hamira 
Member)

Fig. 3.2 A large euhedral dolomite crystal showing iron zonings within the crystal. (Sample No. H3, 
Hamira Member)

Fig. 3.3 Vuggy or void porosily, probably solution enlarged. (Sample No. B7, Badabag Member)
Fig. 3.4 Intercrystalline porosity in a fine to medium grained dolomitized limestone. (Sample No. B9, 

Badabag Member)
fig. 3.5 Disrupted porosity caused due to compaction and solution actions. (Sample No. F5, Fort 

Member)
Kg. 3.6 Fomtation of chert (Microcrystallinc quartz). (Sample No. K5, Kuldhar Member)
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stage. Whore individual rhombs occur, these 
are normally between 0.1 to 0.3 mm. The 
ironzonations within some of the individual 
rhombs are clearly observed (Fig. 3.2).

Chert: At several levels dolomite or partially 
dolomitized limestone particles, in some 
instances oolites, have been partially replaced 
by microcrystalling quartz (Fig. 3.6) which 
consists of minute equant interlocking grains 
in random orientation. In polarised light these 
grains show undulose extinction. Evidence 
from this and other studies (Folk and Weaver 
1952) show that the chert of this type forms 
as a replacement of the original carbonate 
materials.

Visual Porosity

Void space resolved under low-power 
magnifications is considered as visual 
porosity. The various types of porosity 
observed in Jaisalmer samples are as follows:

Intergranular porosity : The out line of 
intergranular pores is exceedingly variable, 
which mainly depends on particle shape, 
sorting and secondary alterations. Pore shapes 
are seem to be controlled in large part by 
particle type. The pore pattern is reduced and 
complicated by the addition of authigenic 
constituents.

Intragranular porosity : Intragranular pore 
space or voids within the individual particles 
such as fossils of gastropods, sponge, eoral 
etc. form another important type of porosity 
in these rocks and is adversely affected by 
diagenetic processes (Fig. 1.4).

Secondary void porosity : Some rocks have 
undergone a unique type of alteration in 
which some carbonate particles viz. peloids, 
fossils etc. have been voided presumably as a 
result of solution developing void porosity 
(Fig. 3.3).

Inter crystalline porosity : In some of the 
samples a well defined intercrystalline 
porosity is observed where crystals are widely 
spaced and joined mostly at the apices (Fig.
3.4).

Disrupted porosity : Disrupted porosity is 
used as a general term to include voids which 
are of irregular shape and result from 
unknown causes. Void spaces are mostly 
filled with clear calcite and is rarely 
interconnected, which could have been the 
result of burrowing organisms (Fig. 3.5).

DESCRIPTION OF LITHOFACIES

The petrographic study of Jaisalmer 
carbonates shows the presence of various

Figure 4.

Fig. 4.1 and 4.2 Photographs show a surface smooth, indicating low porosity and poor reservoir 
properties. (20GX) (Sample No. F4 & Hl-Fort and Hamira Members)

Fig. 4.3 and 4.4 Granular, open texture appearance indicating good sorting shows good reservoir 
properties. (300X) (Sample No. B8 & H6~Badabag and Hamira Members)

Fig. 4.S and 4.6 Visible intergranular pore spaces (in black). (120X) (Sample No. K6, Kuldhar Member)
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carbonate types. For the description of rock 
types the Dunham's (1962) scheme of 
classification is utilised. The packstone and 
grainstone lithofacies are the dominant types 
followed by mudstone and wackestone facies 
in the Jaisalmer Formation. The various 
petrographic types identified have been 
described as follows:

Mudstone

Mud supported facies is represented by 
two sub-facies. Many fine grained pellets in 
micritic matrix are characteristic feature of 
this facies. Also seen are the irregular 
scattered fragments of mollusc together with 
unidentifiable organic fragments, which 
impart a black appearance to these rocks. 
Boring of fossils is common. This facies is 
well represented in northern and southern 
parts of the study area (Kuldhar and Hamira 
Members). In the upper member in northern 
part show some degree of recrystallization.

Algal wackestone

Poorly sorted wackestones containing 
many algal and other shell fragments, 
intraclasts, pellets are common in the 
formation. Many particles show peripheral 
micritization probably by boring fungi and 
bacteria. This type is well represented in 
upper part of Joyan Member and in Fort 
Member.

Oolitic wackestone/packstone

Oolitic wackestone/packstone types with 
variable amount of terrigenous material and 
often associated with gastropod, bivalve, coral

and foraminiferal fragments are common. A 
few oolites show some distortion, probably 
due to compaction. This petrographic type is 
seen in the Fort and Kuldhar Members.

Molluscan packstone
This type is widespread in the Jaisalmer 

sequence and is adjacent to oolitic facies. 
Molluscan fragments exhibit little abrasion 
and are preserved in micritic matrix. Other 
skeletal fragments include brachiopod, 
echinoderms and occassional oolites, and sand 
grains. This facies exhibits some degree of 
recrystallization at some stratigraphic levels 
where the internal structure of molluscs is 
completely replaced by micrite and later some 
cavities filled with clear calcite. This type is 
well represented in Badabag and Fort 
members.

Oolitic grainstone
Oolitic lithofacies varies in its abundance 

across this region. It normally consists of 
buff brownish oolitic grainstone unit, well- 
sorted and often with well developed cross 
bedding. The shell fragments include 
echinoid, molluscan, brachiopods and some 
terrigenous sands in variable amounts. This 
petrographic type is represented in Badabag, 
Fort, Kuldhar and Hamira members in 
variable quantities.

DIAGENESIS
Principal diagenetic changes recorded in 

Jaisalmer carbonate rocks are as follows:

Compaction
Compaction refers to any processes that 

reduces the bulk volume of rocks. This 
includes mechanical processes that decrease
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bulk volume of single grains (grain 
deformation) or that cause closer packing of 
grains (re-orientation) and pressure solution 
which decreases the volume of grains and 
cementing materials. Research on compaction 
uses experimental, mathematical and 
observational approaches (Bhattacharya and 
Friedmann 1979 ; Coogan and Manus 1975 ; 
Shinn et al 1976 ; Meyers 1980). The 
present study based on the observations under 
microscope suggest well documented 
compaction effects in some of the samples 
such as breakage of grains, collapsing and 
telescoping of peloids, truncation of grains by 
adjacent grains.

Authigenic changes

Jaisalmer rock textures have been altered 
by at least six generations of authigenic 
changes, which include:

a) Fibrous Calcite:K thin layer of needle 
like calcite crystals cover the free surface of 
individual oolites (Fig. 2.1). In a few samples 
the absence of this fibrous coat where 
particles are in direct contact with one another 
suggest that the fibrous layer is added after 
deposition. Considerable evidences from 
modem studies suggest that this drusy coat 
uniformly covers exppsed particles shortly 
after deposition and is probably the first step 
towards lithification in many cases (Illing 
1954 ; Ginsburg 1957 ; Bathrust 1976 ; 
Scoffin 1987).

ii) Syntaxial rim cementation : Syntaxial 
overgrowth formed’due to the development of 
large optically continuous crystals of 
echinoderm fragments appear to be a space 
filling cement, not a neomorphic replacement 
of the micrite, which generally indicates an

early marine cementation (Bathsurt 1976 ; 
Flugel 1982).

iii) Neomorphism
a) Micritization:Partial or total alteration 

of grains to a homogenous microcrystalline 
calcite fabric is well documented in some 
gastropod shells and other non-skeletal grains. 
The alteration normally proceeds centri- 
petally.

b) Aggrading recrystallisation: The 
occurence of fine crystalline calcite mosaic 
with drusy coat, probably suggest the change 
of original fibrous crystals to fine mosaic of 
clear clacite. In some samples coarsely 
crystalline calcite is seen occupying the void 
spaces (Fig. 2.4).

Replacement

a) Dolomite replacement : In some 
samples the dolomite is seen replacing the 
original calcitic grains indicating a replace
ment origin of dolomite.

b) Silica replacement : At some levels 
some samples show a few oolitic grains 
replaced by the microcrystalline quartz (Fig. 
3.6).

Sequence o f authigenesis

Interpreting diagentic sequences is a very 
complex task because of the large number of 
diagenetic environments and also because the 
several diagenetic environments influence the 
diagenetic history of carbonate sediments. The 
typical shallow marine carbonate sediments 
comprise at least 6, possibly 8 stages of 
diagenetic events (Longman 1980). Change in 
cement types across the water table may be 
used to identify palaeo-water tables, especially 
in Tertiary and Pleistocene limestones

6
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(Buchibinder and Friedman 1980). Carbon and 
oxygen isotope studies may be used to deci- 
plie the various diagenetic events documented 
in the different carbonate cements. (Scholle 
1979, Dickson and Coleman 1980). However, 
in the present study on Jaisalmer carbonates 
the following sequence of diagenetic events 
has been proposed, based mainly on the 
petrographic study: (i) deposition of bioclasts 
and other sedimentary materials with Mg- 
calcite and aragonite, (ii) micritization of 
grains by boring microbiota and minor 
cementation inside small pores of bioclasts 
without much alteration, (iii) intergranular 
marine cementation with the formation of 
fibrous coat over oolites etc., (iv) neomorphic 
formation of clear crystalline calcite and 
development of syntaxial overgrowth, (v) 
replacement of calcite by dolomite, and 
formation of vuggy porosity and (vi) silica 
replacement and chert formation.

SURFACE TEXTURAL CHARACTERS

The surface textures of both carbonate and 
sandstone can be described by a relatively few 
major textural characteristics. Robinson 
(1966) has classified surface textures into six 
major types. In the present study the polished 
rock surfaces of Jaisalmer samples have been 
observed under low power binocular 
microscope and a high resolution scanning 
electron microscope. The following surface 
textures have been observed in Jaisalmer 
samples:

a) surface smooth, indicating diagenesis, 
low porosity, and poor reservoir properties, 
identified from Kuldhar, Fort and Hamira 
members (Fig. 4.1 and 4.2).

b) Granular open-texture appearance

indicating good sorting, good rreservoir 
properties of samples from Badabag, Joyan 
and Hamira members (Fig. 4.3 and 4.4).

c) Visible pore spaces identified in most 
of oolitic varieties from Badabag, Kuldhar and 
Fort members (Fig. 4.5 and 4.6).

DEPOSITION AL ENVIRONMENT

Dasgupta (1974) based on the study of 
basin configuration has suggested a shallow 
marine environment for the Jaisalmer 
Formation. A beach to shallow marine 
environment of deposition has been proposed 
based on coarse clastic textural analyses 
(Mahender et al 1989). In the present study 
the depositional environment of the formation 
has been derived mainly on the basis of 
carbonate petrography which supports the 
previous work.

The skeletal fragments of algae, 
pelecypod, gastropod and echinoids occur 
throughout the formation, whereas the 
fragments of foraminifera and large 
ammonites are restricted to the upper part of 
the sequence. Among non-skeletal particles, 
pellets and superficial oolites are found all 
though the sequence and true oolites are 
confined to the middle and upper part. This 
suggests a change in the depositional 
conditions within the formation. Generally 
marine oolites originate in a high energy 
shallow water environment influenced by 
wave action and currents (Newell 1960) and 
the presence of oolites may represent periods 
of mixing by high energy storm currents in 
tidal distributary bars as those recorded from 
the Persian Gulf (Loreau et al 1973). The 
association of true and superficial oolites
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together a t a few stratigraphic intervals in the 
upper members, and their asymmetric nature 
indicate a marginal marine hypersaline 
condition of deposition (Friedman et al 
1973). The pellets are very common in tidal 
flat areas (Kinsman 1964). The mudstone 
represents the most open marine condition of 
the area and the burrowing molluscs in these 
rock types suggest a low intertidal/shallow 
subtidal environment (Stanley 1970). The 
pelletal packstone and wackstone lithofacies 
also represent a shallow subtidal, intertidal or 
possibly supratidal environment. The 
wackestone and packstone are formed in areas 
where the wave action was not strong enough 
to winnow out the mudsized grains (Sprecht 
and Brenner 1979). Well preserved fossils are 
characteristic of such an environment and 
high sedimentation rate (Rhoads 1975). The 
molluscan packstone lithofacies is formed 
generally in shallow waters around active 
shoals and the presence of oolites in this type 
may represent periods of mixing by high 
energy storm currents. The grainstone unit 
with variable amount of oolites and shallow 
water fauna often with cross-bedding may 
suggest a high energy shallow marine 
environment.

The present study on carborate 
petrography reveals a highly variable 
sedimentary framework for the Jaisalmer 
Formation. The deposition of the formation 
took place when the original marine 
transgressive phase resulted during Lathi 
times had attained some degree of stability for 
a prolonged sedimentation. The oscilatory 
nature of this transgression still controlled 
depositional condition during the Jaisalmer 
times (Dasgupta 1975). The Jurassic 
sedimentation in the Jaisalmer area has started

with the continental deltaic to littoral Lathi 
sediments (Dasgupta op cit.).

The characteristic features of shallow 
water, high energy facies of Jaisalmer 
sequence as a whole, include the various 
skeletal assemblage (algae, molluscs, 
echinoid and brachiopod), and non-skeletal 
particles viz. oolites, pellets, intraclasts, 
extraclasts, terrigenous materials. The 
presence of fibrous coat along with clear 
calcite is also indicative of a shallow marine 
environment (Longman 1980). Based on the 
above criteria the following conclusions have 
been derived.

The lower two mixed terrigenous 
members (Hamira and Joyan) developed at the 
end of Lathi sedimentation represent a littoral 
shallow water high energy environment as 
evidenced from their lithological types and 
faunal contents. This was followed by the 
deposition of overlying middle Jaisalmer 
carbonate-clastic sequence (Fort and Badabag) 
in a more stable coastal marine environment 
which, however, became somewhat 
oscillatory at a later stage. The regression of 
the sea at this stage resulted in the 
development of a localised restricted lagoonal 
condition where the youngest Jaisalmer 
carbonate-evaporite sequence of sediments 
representing Kuldhar Member were deposited. 
The sea finally withdrew with further 
regression towards west and this brought to 
the end of Jaisalmer sedimentation.

HYDROCARBON PROSPECTS

The Jaisalmer basin in Western Rajasthan 
is known for the extensive development of 
highly fossiliferous Meso-Cenozoic, marine 
to non-marine sedimentary sequence. The
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present study conducted on the outcropping 
Jaisalmer sequence of rocks reveals a variable 
nature of lithological associations on account 
of their varying environments of deposition. 
The variable nature of carbonate rocks in 
association with coarse clastics and abundant 
organic material including calcareous algae 
etc. are considered favourable for inducing 
conditions for generation and preservation of 
hydrocarbons. The marine sediments of 
Jaisalmer area, exceeding 490 metre in 
thickness, however do not show any surface 
seepages of oil and natural gas! The restricted 
marine carbonate-evaporite sequence of late 
Jaisalmer sediments may act as a probable cap 
rock at depth. The present study made on the 
exposed Jaisalmer sediments does not provide 
us any definite indication about the 
hydrocarbons in the area. However, further 
study in conjunction with latest sub-surface 
data will certainly give a better account of the 
hydrocarbon generation and accumulation 
potenetiality of the formation.
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