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The study deals with the diagenetic environment of Jumara Dome sediments. The Jumara Dome is an important exposure

of Bathonian to Oxfordian sediments among the Kachchh Mainland exposure. The study area was deposited during the

fluctuating sea level, interrupted by the storms, in the shallow marine environment. The study reveals that chemical

compaction followed by the two phases of early mechanical compaction that largely governed porosity of these carbonates.

Three type of cements occur in these carbonates. Diagenetic signature suggest that marine phreatic, under saturated fresh

water phreatic and mixing marine fresh water phreatic environments dominated but deep burial diagenesis also played its

role in shaping these rocks through time. The sandstone study show that during mechanical compaction rearrangement of

grains took place and point and long contacts were formed. The sandstones were cemented by carbonate, iron oxide and

silica overgrowth. Different graphs of porosity versus depth suggest a depth of burial in the range of 1777 to 2823m.
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1. Introduction

The Kachchh Basin extents between latitude 22°30!
and 24°30! N and longitudes 68° and 72° covering
entire Kachchh District of Gujarat state (Fig. 1). The
present investigations include siliciclastic and
carbonate rocks of Jhurio and Chari Formations
exposed in Jumara Dome, Kachchh Mainland. Jumara
Dome section is important reference section for
Jhurio and Chari rocks in the Mainland. No
information is available in published literature about
the diagenesis of carbonate and siliciclastic rocks. In
this study, the diagenetic evolution of the Limestone
and sandstone from Jhurio and Chari Formation has
been presented, and this includes various diagenetic
features like compaction, cementation, neomorphism,
micritization, porosity evolution and depth of burial.
This study also intends to bring out the basic
petrological data base pertaining to texture and
detrital composition and their effect on diagenesis.
The method and the parameters used here are based
on the thin section petrography. About 75 samples
collected from the field have been subjected to
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petrographic and diagenetic studies of Jumara Dome
sediments.

2. Geological Setting

The Mesozoic rocks in the Kachchh Basin range from
middle Jurassic to lower Cretaceous and are exposed
extensively in the Kachchh Mainland, Wagad, the
Islands of Patcham, Bela, Khadir and Chorar. Shallow
marine Jurassic rocks are extensively developed in
the Kachchh region ranging in age from Bajocian to
Albian (Table 1), which rest unconformably on the
Precambrian crystalline basement [3]. The total
thickness of Mesozoic sediments in Kachchh region
ranges from 1523 to 3050m [5]. The sedimentation
finally ceased in the Upper Cretaceous with the onset
of Deccan volcanics as evidence from the presence
huge lava flow which overly Cretaceous Bhuj
Sandstone in the Mainland, particularly in it’s western
and southern flanks [11]. The Jurassic rocks of
Kachchh characteristically preserve diverse
assemblage of fossils especially ammonites. They are
oldest rock in the region except for some patches of
Precambrian granites (Erinpura Granites) exposed at

#The September 2010 Issue of the Journal had got delayed. To avoid delay in publication, this article has been included in the present

issue even though it was accepted after September 2010.
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the Meruda hills in the great Rann of Kachchh.
Carbonates and mixed carbonate — siliciclastic in the
Kachchh sub-basin are largely confined to the
Bathonian and early Callovian ages and represent
storm — dominated shallow shelf environments [9].

Table 1: Lithostratigraphic Framework of the Jurassic and
Lower Cretaceous rocks of Kachchh Mainland (Fursich et
al. 1991, 1992, 2001)

Formation Member Age

Umia Bhuj Albian
Ukra Aptian
Ghuneri Neoconian
Umia Tithonian

Katrol Tithonian -

Kimmeridgian

Chari Dhosa oolite Late Early
Dhosa Sandstone Oxfordian
Gypsiferous Shale Early Oxfordian -
Ridge Sandstone Callovian
Shelly Shale/Keera
Golden Oolite

Patcham  Sponge Limestone Bathonian
Purple Sandstone /

Echinodermal Packstone
Jumara Coralline Limestone

Jhurio Goradonger Yellow Bathonian -

Flagstone Bajocian

Jhura Golden Oolite
Canyon Limestone/
Badi Golden Oolite
Badi White Limestone

3. Petrography of Limestone

In the studied carbonates (Jumara Coralline
Limestone, Echinodermal Packstone and Dhosa
Oolite) bioclasts, ooids, interclasts, pellets, sparry
calcite and micrite are present in various proportions.
Terriginous admixture is present in most of the
samples. The various type of bioclast that have been
identified includes brachiopod, echinoderm,
gastropods, corals, bryozoans, foraminifera and algae.
The carbonate grains are medium to fine grained,
however, few samples are also coarse grained. The
grains are poorly to very well sorted having angular
to well rounded grains of low to high sphericity.

The Kachchh Basin is situated at the southern
edge of the Indus shelf at right angle to the southern
Indus fossil rift [24]. In the Kachchh Mainland at
Jumara Dome mixed carbonate — siliciclastic
succession is represented by the Jhurio and

siliciclastic dominating Chari Formation (Fig. 2). In
the core of the Jumara Dome about 16m thick Jumara
Coralline limestone (JCL) Member of the Jhurio
Formation is well exposed. The JCL Member is
followed upward with a sharp contact by about 22m
thick Echinodermal Packstone (EP) Member contains
brownish ferruginous sandy resistant beds overlying
this unit is Ridge Sandstone Member which is 32m
thick followed upward by 15.5m thick Gypsiferous
Shale Member and 14 m thick Dhosa Oolite Member
of Chari Formation (Fig. 3).

4. Diagenesis of Limestone

The present study demonstrates diagenetic changes
of the carbonate rocks with respect to micritization,
compaction, cementation, neomorphism and porosity.
Evidence of micritization in the form of micrite
envelopes and completely micritized grains are
common (Fig. 4a). Most of the bioclasts and some
ooids have been completely micritized and leave
bioclastic lumps and ooids with vague concentric
lamination. Generally the micritized grains are found
associated with the faunas, particularly endolithic
microbial colonies of the shallow marine low-energy
environments. These algae bore the allochems on the
sea floor. These bores are later filled by small Mg-
calcite crystals and remain even after the shell is
dissolved. A micritic envelope is formed if
precipitation in the boring is accompanied by bacterial
decomposition of organic matter [4]. Mechanical
compaction induces rearrangement, deformation and
breakage of grains, while chemical compaction is
mainly responsible for pressure solution and
stylolitization [15]. We have recorded evidence of
both the mechanical and chemical compaction in our
study. Evidence suggests that some mechanical
rearrangement of allochems occurred very soon after
their deposition, resulting in a generally close packed
rock fabric. Mechanical compaction of ooids is
indicated by rare spalled of concentric laminae. There
are evidences of post cementation compaction
involving breakage of allochems and the cement (Fig.
4b, c). On the whole, it appears that mechanical
compaction has played a limited role in shaping these
carbonates. On the other hand chemical composition
appears to have greatly controlled the texture and
fabric of these carbonates. Evidence of early
compaction includes pressure solution and reciprocal
deformation of bioclast, deformation of ooid contacts
and minor spalling of outer cortical layer. In our study,
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evidence suggests that the early cementation has
reduced the porosity markedly but the remaining
porosity has remained preserved up to the deep burial
stage. The presence of stylolite between bioclasts and
cement, and the intergranular chemical compaction
of bioclasts surrounded by early cements are the
evidence of compaction after cementation. The
evidence of pressure solution within the skeletal

grains (intragranular compaction) suggests that
cementation also occurred during compaction phase
of diagenesis.

At least three district types of early cement
occur within the studied carbonates. Three early
diagenetic cements include fibrous drusy, blocky and
syntaxial rim cement. The fibrous calcite cements

Table 2: Percentages of contacts, detrital minerals, texture and minus cement porosity of Ridge Sandstone, Jumara Dome,

Kachchh, Gujarat

S. No. F P L P+L Q FL LR MZ ol MR MS MCP
JP1 74 20 6 26 94 5 1 0.84 0.8 0.45 0.34 39
P2 70 24 6 30 86 12 2 1.5 0.82 0.36 0.36 37
JP3 58 32 10 42 88 11 1 2.3 1.1 0.44 0.33 23
JP4 54 38 8 46 85 10 5 29 0.81 0.42 0.36 29
JP5 56 34 10 44 79 17 4 3.05 0.53 0.4 0.38 32
JP6 73 17 10 27 83 16 1 0.74 1.2 0.46 0.41 37
JP7 65 22 13 35 94 3 3 0.89 1.12 0.41 0.37 37
JP8 66 19 15 34 92 7 1 2.3 1.08 0.43 0.4 25
JP9 52 37 11 48 66 28 6 2.63 0.82 0.42 0.33 34
JP10 52 32 16 48 82 12 6 3.15 0.54 0.45 0.35 27
JP11 75 15 10 25 86 12 2 0.84 1.15 0.36 0.38 36
JP12 72 15 13 28 81 16 3 0.8 0.85 0.38 0.39 38
JP13 61 30 9 39 87 11 2 2.5 1.05 0.42 0.33 28
JP14 60 29 11 40 78 20 2 32 0.63 0.37 0.33 31
JP15 53 38 9 47 91 8 1 3.1 0.98 0.45 0.32 33
JP16 62 25 13 38 83 15 2 1.9 0.65 0.42 0.35 24
JP17 49 36 15 51 80 19 1 24 0.93 0.42 0.32 31
JP18 55 28 17 45 86 11 3 2.63 0.61 0.41 0.34 37
JP19 55 35 10 45 86 13 1 32 1.2 0.48 0.32 30
JP20 54 24 22 46 89 9 2 3.1 1.05 0.38 0.28 27
JP21 80 17 3 20 93 4 3 0.8 1.15 0.37 0.35 23
P22 68 21 11 32 87 9 4 1.4 0.83 0.44 0.36 37
JpP23 61 25 8 33 82 17 1 22 0.65 0.4 0.4 35
P24 57 33 10 43 80 18 2 2.4 0.84 0.37 0.34 34
JP25 53 30 17 47 83 14 3 33 0.61 0.4 0.32 26
Average 64.40 23.96 11.56 3552 84.84  12.74 2.2 2.16 0.88 0.41 0.35 32

F= Floating, P= Point contact, L= Long contact, Q= Quartz, FL= feldspar, LR= Rock fragments, MZ= Mean size, 6I= Sorting, MR= Mean roundness,

MS= Mean sphericity, MCP = Minus cement porosity
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Fig. 1. Geological map of Kachchh Basin (After Biswas, 1977)

most probably represent replacement of fibrous
aragonite cement [4]. The Mg*? / Ca*? ratio in the
normal marine water facilitates the formation of
fibrous calcite cement [8]. The blocky cement
generally completely fills the intergranular pores (Fig.
4d). In some cases dissolution features associated
with the central blocky cement of pores is seen which
is interpreted to represent deep burial diagenesis [8,
23]. Studies have shown that at great burial depth
and higher temperatures, block shaped calcite may
precipitate as late diagenetic cement consuming the
earlier cements. Syntaxial rim cement is most
common on the non-micritized crinoidal bioclasts
(Fig. 4e). Some studies indicate the overgrowth in
the fresh water diagenetic environment [13]. Patchy
distribution neomorphic fabric along with the fabric
selective calcite mosaic are consistent with
neomorphism in meteoric vadoze zone [18]. The
micritic intraclast have been replaced internally by
calcite, clearly indicating the replacement of micritic
grain by larger calcite crystal mosaic (Fig. 4f). This
secondary, equigranular mosaic is less ordered
geometrically and represents aggrading neomorphism
[4]. In such cases much of the original structure of
the allochems has remained preserved even after

replacement by neomorphic calcite. In our study we
recorded both primary and secondary porosity. The
primary porosity includes intergranular and
intragranular porosity. Secondary porosity has
evolved through biological breakdown of the
allochems and chemical breakdown of the carbonate
minerals (Fig. 4g, h).

5. Petrography and Diagenesis of Sandstone

The detrital content of the studied Ridge Sandstone
is mainly composed of several varieties of quartz
followed by feldspar, mica, rock fragments and heavy
minerals (Table 2). The quartz varieties recorded are;
common quartz, recrystallized metamorphic quartz
and stretched metamorphic quartz. Two varieties of
feldspar have been recognized which include
microcline and plagioclase in order of abundance.
Majority of feldspar are of altered variety but some
fresh feldspar is also present. Both muscovite and
biotite occurs as tiny to large elongated flakes with
fayed ends. Heavy minerals include opaque,
tourmaline, zircon, garnet, staurolite rutile,
hornblende and epidote.

The graphic mean size (Mz) of the Ridge
Sandstone ranges from 0.74¢ to 3.30¢, average 2.16¢.
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Fig. 2. Geological map of Jumara Hills, Kachchh (Modified after Rajnath, 1932)
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Fig. 3. Compiled section of Jurassic (Bathonian — Oxfordian) sequences exposed at Jumara in Jumara Dome, Kachchh

Most of the samples are medium grained followed
by fine and coarse grained (Table 2). Inclusive graphic
standard deviation (clI) values range from 0.53¢ to
1.20¢, average 0.88¢. Most of the samples are poorly
sorted followed by moderately sorted and moderately
well sorted. In most of the samples, majority of the
grains are subrounded followed by subangular and
rounded. The mean roundness of the individual
samples range from 0.36 to 0.48, average being 0.41.
The mean sphericity value of the individual samples
range from 0.28 to 0.41, average 0.35.

The existing optical porosity (EOP) of the
studied sandstones ranges from 1 to 8 percent and
average 2.32 percent. These porosity values also
include secondary porosity present in the form of
cement dissolution pores and micropores in altered
feldspars. The minus cement porosity (MCP) values
ranging between 23 to 39 percent and average 32
percent, thereby indicating that compaction was not
significant factor in primary porosity reduction. The

study shows that primary porosity of the sandstones
were reduced by compaction through mechanical
processes in the early stages of diagenesis and largely
by cementation through chemical processes in the
later stage.

The relationship of existing optical porosity
versus mean size, sorting shows a moderate to poor
trend than that with minus cement porosity (Fig. 5).
The correlation-coefficient determined for the plot
is not statistically very significant. This suggests that
the obliteration of texture by cementation. The
dominance of floating grains in the Ridge Sandstone,
indicates that the detrital grains were not subjected
to much pressure solution, as result of either shallow
burial or early cementation (Fig. 6a). The pressure
effects are absent or at minimum in sandstones which
have undergone early cementation [21]. However
evidences of mechanical compaction and pressure
solutions do exist in the Ridge Sandstone (Fig. 6b,
c¢). Presence of sutured boundaries of quartz and
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Fig. 4. Photomicrograph showing a = micritization of grains, b, ¢ = mechanical compaction, d = blocky cement, e = rim cement, f = neomorphism,
g, h = secondary porosity
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Fig. 5. Bivariant plot of (a) mean size versus EOP (b) sorting versus EOP (¢) mean size versus MCP (d) sorting versus MCP

stylolites within the calcite cement indicate post
cement compaction. Therefore, it may be concluded
that some compaction in the Ridge Sandstone took
place in the early stages, when grains rotated and
adjusted themselves to the boundaries of adjacent
grains. Later compaction took place after cementation
[21] found that the types of grain contacts showed a
progressive change with increasing depth from those
resulting from original packing to those resulting from
pressure.

The dominance of floating and point contacts
perhaps indicates that the depth of burial of the Ridge
Sandstone was few thousand feet (Table 2 please see
page No. 105). The effects of mean size, sorting,
roundness and sphericity on compaction of the
sandstones were evaluated by plotting compaction

versus different textual parameters and by carrying
out statistical correlation [16]. The sorting and mean
roundness versus compaction plots do not show clear
trends and the correlation coefficient determined for
the plots are not statistically significant (Fig. 7).
However, a statistically significant positive
correlation was obtained between mean size and mean
sphericity versus compaction. The relationship of
size, sorting, roundness and sphericity to sandstone
compaction was studied by plotting mean size,
sorting, roundness and sphericity versus percentage
of quartz, feldspar and rock fragments (Figs. 8 & 9).
There is no significant correlation between these
parameters except sorting versus quartz percentage.

The petrographic clues have been widely used
to predict the depth of burial of sediments. Several



Diagenetic Environment of the Jurassic Jumara Dome Sediments 111

Fig. 6. Photomicrograph showing a = floating, point and Long contacts, b = sutured contact ¢ = mica bending, d = quartz grains corroded by
calcite cement, e = quartz grains croded by iron content, f = silica overgrowth

workers [2, 12, 14, 17] on the basis of laboratory and
field experiments have estimated the depth of burial
of sandstones by plotting average cement porosity of
the sandstone on standard burial depth versus minus
cement porosity graphs. These plots were employed

for estimation of depth of burial for Ridge Sandstone.
The average minus cement porosity plotted on
standard graphs suggests a depth of burial about 1777
to 2823 meters for sandstones of Jumara Dome
(Fig. 10).
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Fig. 7. Bivariant plot of (a) mean size versus compaction (b) sorting versus compaction (c) sphericity versus compaction (d) mean roundness

versus compaction

Three types of cement were identified in the
Ridge Sandstone and their paragenesis was
determined in order of their formation are quartz
overgrowth, carbonate and iron oxide. The cements
are normally considered to cause loss of porosity but
dissolution and leaching of cements may give rise to
secondary porosity. The timing of cementation events
is of much importance, especially quartz cement
which may stabilize the framework. Carbonate
cement occurs in the form of sparry calcite,
microcrystalline calcite, blocky and fibrous cements.
The boundary of detrital grains is marked by etched
and corroded by adjoining calcite cement. The
replacement concentration clearly implies chemical
instability of the quartz grains and a slow rate of
cementation resulting in solution the silicate grains
[6]. The replacement of quartz by calcite implies that
pore waters were under saturated with respect to
quartz and supersaturated with respect to calcite. The

carbonate cementation occurred slowly covering a
large time span, which is evidenced by corroded
quartz grains and indistinct boundary between quartz
grains and carbonate cement (Fig. 6d). Quartz was
corroded by the continued movements of fluids. The
early precipitation of carbonate cement take place a
few centimeters below the sediment water interface.
This type of cementation occurs by exchange of
interstitial marine pore water either by meteoric water
or by pore water expelled from the underlying
sediments [1]. The fibrous cement occur in the form
of bundle of calcite crystals embedded in micrite.
These characteristics reflect that the fibrous calcite
cement most probably represents replacement of
fibrous aragonite cement [4]. This is first generation
cement in many limestones of the marine phreatic
zone [19]. The blocky cement generally completely
fills the intergranular pores. In meteoric water
environment, facilitates precipitation of block shaped
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Fig. 8. Bivariant plot of (a) mean size versus quartz (b) mean size versus feldspar (c) mean size versus rock fragment (d) sorting versus quartz

(e ) sorting versus feldspar (f) sorting versus rock fragment

calcite cement. This type of cement is analogues to
meteoric cement in many Holocene sequences and
had been interpreted to represent freshwater
diagenesis.

Most of the samples of studied sandstone show
iron oxide cement which occurs in the form of coating
around detrital grains as well as patches (Fig. 6e).
The precipitation of iron-oxide from iron saturated
solution is governed by EH and PH of the

environment which control the precipitation of
varieties of iron bearing minerals [7] suggested
precipitation of iron from marine water as a result of
up welling of bottom water into oxidizing
environment. While [10, 20] considered iron
formation as primary exhalation or hydrothermal in
origin. These may also form after significant
diagenesis where the interstratal solution interact with
iron bearing mafic minerals which are subsequently
precipitating into the interstices under favourable EH
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Fig. 9. Bivariant plot of (a) mean roundness versus quartz (b) mean roundness versus feldspar (¢c) mean roundness versus rock fragment (d)
mean sphericity versus quartz (e ) mean sphericity versus feldspar (f) mean sphericity versus rock fragment

and PH environment [22]. In the studied sandstones
some of the quartz grains are corroded and envelopes
by iron oxide cement. In many instances, the clastic
grains have lost their grain morphology and are
present now in the form of protrusions, embayment
and notches. Thin iron coating on grains is possibly
inherited from source rocks and the presence of
corroded quartz grains suggest presence of earlier
carbonate cement which was replaced by iron oxide.
The iron oxide cement also replaces silica cement.
Coating of detrital grains may also be extrabasinal
weathering rinds generated during deep burial [22].

Patchy distribution of iron cement suggests either
aborted cementation or dissolutions during uplift. The
silica cement is scare in the studied sandstones and
this may be attributed to limited compaction of the
sandstones, thereby causing very little effect of
pressure solutions. It occurs in the form of quartz
overgrowth on quartz grain floating in iron oxide
cement (Fig. 6f). The overgrowths are more common
around coarse grain than medium to fine grains of
monocrystalline quartz population. The relationship
between grain roundness and overgrowth indicate that
the overgrowths are more common on subrounded
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Fig. 10(a,b,c). The relationship between MCP and depth of burial for Ridge Sandstone

and rounded grains followed by subangular and pressure solution of detrital quartz and other silicates
angular. The source of silica cement may be at grain contacts. The conversion of clay minerals
descending meteoric water saturated with silica or during diagenesis and decomposition or alteration of



116

AHM Ahmad et al.

feldspar may release silica saturated solutions. Such
solution may also be produced by hydration and
leaching of volcanic glass.

6. Diagenetic Modifications

The diagenetic history is based on petrographic
relationships between different diagenetic alterations
and the physico-chemical environments required for
each alteration. The major diagenetic effects are the
loss of detrital grains by replacement or
recrystallization and/or loss of identity of certain
grains during compaction.

(1) During early stages of diagenesis,
mechanical compaction was the dominant process.
Rearrangement of allochems that probably occurred
very soon after deposition, deformation of bioclast,
mechanical compaction of coated grains has led to
the spalled-off laminae, rotation and adjustment of
grains and formation of point and long contacts.
Generally original sandstone porosity is 45% which
was reduced to an average of 32%. Intergranular
volume is reduced by cementation and compaction
did not give rise to much pressure solution as is
evidenced by the generally absence of concavo-
convex and sutured grain contacts.

(2) Atleast two distinct type of early diagenetic
cement occur within the carbonates. These early
diagenetic cement include fibrous/drusy and syntaxial
rim cement. The first generation cements in most
limestone may form under marine phreatic zone. The
silica cementation was partial and the quartz
overgrowths did not fill the interparticle pore space
completely. Since the studied samples do not show
much pressure solution, the silica was derived from
water squeezed out of adjacent compacting shales.

(3) The third major diagenetic event consisted
of the stylocumulate between bioclasts and cement
and the intergranular chemical compaction of bioclast
surrounded by early cement is an evidence of post-
cementation compaction. Micritization, in the form
of micritic envelopes and completely micritized
grains. This feature indicates that diagenesis under
marine phreatic environment. Few borings and
intraclasts with heavy impregnation of iron minerals.
This stage is also represented by geopetal structures
in the form of micrite filling the lower part of the
cavity of a bioclastic chamber while sparry calcite
fills the upper part.

(4) Weathering and leaching during uplift was
also accompanied by disintegration of unstable
ferromagnesian minerals, release of iron oxide, and
formation of iron oxide coating around the detrital
grains.

(5) The next diagenetic phase consisted of
precipitation of blocky cement in fresh water phreatic
zone and its subsequent dissolution in certain beds.

(6) The Jurassic sedimentary sequence of
Kachchh was buried under the basaltic flows and the
resulting compaction is evidenced by the presence
of stylolites. Presence of fractures in limestone found
to be arranged in parallel sets. This may be related to
late fracturation as it is cutting across the rock which
is normally produced during late diagenesis. Their
parallel arrangement can be attributed to tectonic
movement.

(7) The last diagenetic feature in the form of
dissolution of calcite, iron and feldspar grains which
produce secondary porosity in these sediments. In
the burial environment pressure solution cavities have
formed giving rise to secondary porosity. For this type
of pressure solution structure, the term ‘stylomottle’
along which residual material grows at pressure
solution interfaces under PT conditions of pressure
solution.

(8) The diagenetic history of the Jumara Dome
sediments from the time of deposition to a depth of
burial of nearly 3000m. The first phase of diagenesis
consisted of mechanical compaction and precipitation
of cements. The second phase of diagenesis
commenced with the pretrappean uplift when the
uplifted sediments were subjected to processes of
weathering and flushing by meteoric waters.

7. Conclusions

Diagenetic signatures observed in these carbonates
suggest that marine phreatic; under saturated fresh
water phreatic and mixing marine fresh water phreatic
environments dominated but deep burial diagenesis
also played its role in shaping these rocks through
time. During deep burial diagenesis mechanical and
chemical compaction taking place under phreatic
marine and fresh water diagenetic conditions have
largely controlled the porosity in these carbonates.
The sandstones posses’ secondary porosity, which is
mostly developed with dissolution of carbonate, iron
cement and feldspars. This type of dissolution process
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is common in shallow weathering zone and appears
the case in the present study.
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