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ABSTRACT

Jeevankumar S & Banerjee S 2008. Organic-rich shale in the Palaeoproterozoic Kajrahat Formation, Vindhyan
Supergroup, Son Valley: implications and genesis. The Palaeobotanist 57(1-2) : 7-14.

The paper attempts to interpret the textural attributes of the shelf-originated, organic-rich shale unit of the
Kajrahat Formation in the Proterozoic Vindhyan Supergroup. The black shales, alternating with thinly laminated dolomite
beds exhibit many textural features, indirectly indicating microbial mat growth on muddy siliciclastics. The microbial mat
features are subdivided broadly into three different categories related to growth, destruction and diagenesis of microbial
mat. Wavy and crinkly laminated fabric is very characteristic of the shales, thin mud drapes imparting the wavy laminae
conspicuous. Pyrite, formed because of anaerobic decay of microbial mat follows the carbonaceous laminae, rather than
being disseminated. Cohesive behaviour of the shales is manifested by the folded and contorted nature of the carbonaceous
laminae at places. Sticky nature of the microbial mats possibly generated the quartz-silt aggregates and abundant scattered
quartz silts within the carbonaceous laminae. The black shale unit of the Kajrahat Formation, thus, appears to have
microbial mat origin like many other contemporaneous black shales reported from Precambrian black shales. The
occurrence of microbially originated, organic-rich shale suggests curtailment of siliciclastic supply.

Key-words—Microbial mat, Organic-rich shale, Wavy laminae, Palaeoproterozoic, Vindhyan Supergroup, Son
Valley.
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INTRODUCTION Kajrahat Limestone is approximately 1.72 Ga old. The
Palaeoproterozoic age for the Kajrahat Limestone is consistent
LTHOUGH uncommon, organic-rich shales of appreciableith the recent age data provided by the other workers
thicknesses occur in some Proterozoic sedimentary basfRasmusseet al, 2002; Raet al, 2002; Saranggt al, 2004).
around the world (Schieber, 1986; Korstlal, 1991; Crick, Despite its Proterozoic age the entire Vindhyan sedimentary
1992; Warreret al, 1998 and many others). The origin of thessuccession is mildly deformed and mostly unmetamorphosed.
shales remains contentious. Microbial mat origin is inferréthe Vindhyan sediments are dominated by shallow marine
for some of the Proterozoic organic-rich shales (Schieber 198&diments, with minor contributions from fluvial and eolian
1999, 2004, Fairchild & Herrington, 1989; Banegeal, 2006; sediments (Boset al, 2001). Deposition of sediments possibly
Suret al, 2006). Original microbial elements in shales are readitpok place in an epeiric sea opening westward (Chanda &
decomposed during burial, and are rarely preserved in tBhattacharyya, 1982). The Vindhyan Basin originated as a rift-
rock record because of absence of early cementation arakin and it was transformed to a sag basin during the
appreciable compaction. Microbial mat growth, howevedeposition of the upper Vindhyan (Baeteal, 2001).
imparts certain characteristics to the shales, generating unique The roughly 12 m-thick black shale unit constitutes the
textural features (O’brien, 1990; Schieber, 1986, 1999, 2004)wer division of the Kajrahat Limestone near Kajrahat Village
Microbial mat origin of shales is thus inferred largely by indiredig. 2; Jeevankumar, 2006). Black shales beds of average
evidences, based on detailed study of textural attributestbickness 12 cm thickness alternates with dolomites displaying
the rocks generated by microbe-sediment interaction. Thesther microbial laminae or plane laminae (Fig. 3). Black shales
features are very subtle in shales and are remain largelypear hard and compact and look massive in field. Total
unnoticed.

Organic-rich shales have been reported from t .
Proterozoic Vindhyan Supergroup in recent years and th Unconformity UF'F'Ef_ I"'_"I_'ndh'.'u"a”
origin is being investigated (Sat al, 2006; Banerjeet al, l | Roirias Limesions Mem
2006). This paper describes the textural features from 1 EE - .

. . L . . = |Rampur Shale bMeam. —
organic-rich shales occurring within the Kajrahat Formatic = i
near the basal part of the Vindhyan Supergroup in the Choy Chorhat Sandetons Mam . -
area of Son Valley, Uttar Pradesh and suggests their microl g l
affinity. E
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GEOLOGICAL BACKGROUND E
¥  Koldaha Shale Mem.

The outcrops of the Paleo-Neoproterozoic Vindhya
Supergroup are well exposed all along the Son Valley (Fig.
An unconformity and its correlative conformity divide the
roughly 4500 m thick Vindhyan sedimentary succession in
two, the lower Vindhyan or the Semri Group and the upp
Vindhyan (Boseet al, 2001). The organic-rich shale unit, T
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discussed in this paper, occurs at the lower part of the Kajra u:_ L
Limestone Member overlying the grey shale-dominated Arar 5 Kairahat Limestone Mem.
Shale Member, near the basal part of the Semri Group (Fig. el %
Based on Sr isotope systematics, Ray (2006) considered" = Arangl Shale Mer.
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Fig. 2—Detailed stratigraphy of the Vindhyan Supergroup (after Bbse
al., 2001) and broad lithological variation across the succes-

Fig. 1—Geological map showing outcrops of the Vindhyan Supergroup sion. Asterisk mark the stratigraphy of the black shale unit
in the Son Valley (study area marked by rectangle). studied.
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organic content (TOC) of the black shales frequently exceeds The wavy-crinkly, carbonaceous laminae of the black
2% and is up to 3.1% (Banerjetal, 2006). Based on overall shales in the Kajrahat Limestone are distinct from the
depositional scenario and detailed facies analysis Jeevankuceatbonaceous laminae of the Phanerozoic black shales. The
(2006) considered outer shelf origin of the black shalatter exhibits smooth and parallel laminae and are originated
dominated lower division of the Kajrahat Limestone. Completitarough passive accumulation of organic materials and clayey
absence of emergence features within this division rules agdiments from the water column (Schieber, 1986). The
its lagoonal origin. The Kajrahat Limestone is overalbbserved wavy-crinkly and carbonaceous laminae closely
shallowing upward and is emergent at the topmost pagsemble microbial matlaminae of modern and ancient microbial
(Jeevankumar, 2006).
| PRI =————

METHODOLOGY s
Fresh samples were collected from the field noting the —
exact stratigraphic position. Thin sections of the shales we e —

prepared in the laboratory. The rock chips were hardened us
Beuhler vacuum impregnated unit before further cutting ar
polishing. Remaining portions of the samples are kept in tl
sedimentological repository of the Department of Eart
Sciences, [IT Bombay. Thin sections of the shales we
examined and photographed using a Nikon Eclipse E 6
polarizing microscope with an attached Nikon coolpix 870
camera.
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POSSIBLE MICROBIAL FEATURES

{

The possible microbial mat features in the shales a
subdivided into three different categories- mat-growth, ma
destruction and mat-diagenetic features following Schiebel
(2004) scheme of classification of microbial structures i
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Lower division of Kajrahat Lmmestone
=

siliciclastics. R
Mat growth features y——

Mat-growth features are essentially formed because i -
active growth of microbial mat cover. These include wavy EICI
crinkly laminae, scattered quartz silts and pseudo-cro -_
laminae. =
Wavy-crinkly Laminae —

The black shales in the Kajrahat Limestone exhib -: pr—
conspicuous wavy and crinkly laminae (Schieber, 1999, 200. Im -_ ""
The wavy-crinkly laminae are very prominent wher —_—
carbonaceous laminae alternate with thin layers clayey lamin __ =
seams (Fig. 4a). Detrital quartz silt grains are common with i Index

the carbonaceous laminae and rare within intimately associa ]

clayey laminae. The bases of the clayey laminae are sh.
whereas their tops are gradational. The clayey laminae off
incorporate torn pieces of carbonaceous material
Thicknesses of the carbonaceous laminae vary from 0.5 t '
mm and that of the clayey laminae vary from 0.3 to 0.8 mr
Wavy laminae within the shale can be recognized even thou
the clayey laminae/streaks are thin and dlscontlnupus (Ff-gg 3—Litholog showing part of the lower division of the Kajrahat
4b). Atotal absence of the clayey laminae/streaks imparts @ | imestone in the Chopan area and sedimentary structures in
massive appearance to the black shales (Fig. 4c). the dolomite.
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Fig. 4—Photomicrograph in transmitted light showing wavy crinkly
laminae, arrows indicating clayey laminae (a). Photomicro-
graph in transmitted light showing discontinuous wavy laminae
at bottom and middle part (b). Photomicrograph of black shale
in transmitted light showing massive fabric (c). Note abundant
quartz silts of different sizes in all the photographs.

mat deposits (Horodyski et al, 1977; Krumbein & Cohen, 1977:

Schieber, 1986: O’Brien, 1990). The sharp based clayey laminae,
with occasional torn pieces of carbonaceous materials
alternating with the carbonaceous laminae suggest frequent
interruption of microbial growth by sedimentation pulses from
storms. This is also to be mentioned that wavy lamination is
not a reliable indicator of microbial mat growth always (Schieber,
1999). One should be very careful as the type of laminae can
also be an artifact produced because of differential compaction
around resistant particles like quartz and clay lenses.
Nevertheless, the black shales in Kajrahat Limestone contain
wavy lamination in places where there are negligible quartz
and clay lenses suggesting primary waviness of the
carbonaceous laminae.

Scattered quartz silts

Silt size quartz grains varying in sizes from 0.05 to 0.25
mm frequently occur within the carbonaceous laminae of the
black shales (4 a-c). These quartz silts are scattered in variable
frequency within the carbonaceous laminae and are most
conspicuous in relatively thicker carbonaceous laminae (Fig.
4c). Interestingly, such quartz silts are absent within the
adjacent clayey laminae. The proportion of quartz silt grains
to carbonaceous matters may vary from 10% to 35%. The quartz
silt grains are mostly angular, larger grains being better
rounded.

The occurrence of silt size quartz grains within the
carbonaceous laminae is unusual as silt grains are not in
hydrodynamic equilibrium with the clay or organic matters.
The wide grain size range of quartz silts 1s also an important
point to be considered. If the organic matter and the quartz
silts are considered detrital and transported by currents or
waves, then they are expected to sort out according due to
their specific gravity during deposition. Carbonaceous material
and quartz silts are expected to concentrate in discrete laminae
in such cases. The silt content of the carbonaceous laminae
possibly suggest particle trapping on mucilaginous microbial
mat surfaces (fly paper effect, Schieber, 1998). Microbial mats
have gelatinous sticky surfaces made of exo-polymeric
substances (EPS) that trap particulate matter varying from silt
to coarse sand moving over the mat surface (Bauld, 1981). The
scattered quartz grains of various size fractions within the
carbonaceous laminae are possibly related to the cohesive
and binding nature of the microbial filaments. Absence of quartz
silts within the closely associated clay seams further supports
this contention.

Pseudo cross-lamination

Both clayey laminae and carbonaceous laminae are
occasionally arranged resembling small scale cross-laminae
(Fig. 5). Carbonaceous laminae tend to terminate against the
clayey laminae immediately underlying them and show low
angle discordance at the boundary (Fig. 5). The individual
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Fig. 5—Photomicrograph in transmitted light showing pseudo cross-lamination.

carbonaceous lamina pinches out between the clayey inter
laminae. A detailed observation of Fig. 5 shows that the
carbonaceous laminae are abundant and appears massive
towards the bottom part. Towards the top, the carbonaceous
Jaminae bear a sharp truncation and pinch out between the
clayey laminae. The pinch out of carbonaceous laminae shifts
sideways in a systematic way and imparts a cross laminated
appearance. The feature has been described as pseudo-cross
lamination by Schieber (1986).

Pseudo-cross lamination is formed when the microbial
mat cover develops on slightly inclined surface and microbial
growth is frequently interrupted by deposition of clayey
sediments. The lower part in Fig. 5 exhibiting abundant
carbonaceous laminae possibly indicates uninterrupted
microbial growth. The clayey laminae, which are more frequent
in the upper part, might have been deposited by sheet floods
caused by strong, sporadic terrigenous influx like storms. Rapid
deposition of clayey sediments covers the microbial mat cover
instantaneously. Motile filamentous microorganisms escape
upward and re-colonize on clayey sediment surface. The new
mat then expands laterally until it is covered again by another
clayey drape. Because of repetition of these processes
carbonaceous laminae alternates with the clayey laminae on
inclined surfaces forming pseudo-cross lamination.

Fig. 6—Photomicrograph in transmitted light showing folded over
carbonaceous laminae (black) alternating with clayey laminae.

Mat destruction features
Physical destruction of mat cover by waves and currents
generates the mat-destruction features. The various features
which are possibly generated because of destruction of
microbial mat cover are discussed as follows.

Folded-over carbonaceous laminae

Petrographic observation often shows deformed and
folded-over 0.25-0.5 mm thick carbonaceous laminae (Fig. 6).
The carbonaceous laminae behaved as a coherent layer during
the folding. The clayey laminae occurring in between the
carbonaceous laminae are either squeezed out during the
folding or folded along with carbonaceous laminae. The
overlying and underlying laminae are continuous and are not
affected by the deformation.

Fig. 7—Photomicrograph in transmitted light showing roll-up struc-
tures at the centre (a) and sketch showing vertical section of
the same structures (b).
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Fig. 8—Photomicrograph in transmitted light showing quartz silt
aggregate (arrow) within the carbonaceous laminae.

Folding of the carbonaceous laminae is possible only
when the mat layers are cohesive and tough. The undeformed
clayey layers occurring above and below the overfolded
carbonaceous laminae indicate that deformation happened
very soomn, presumably before deposition of overlying laminae.
The cohesive and tough carbonaceous laminae are torn and
overfolded possibly by strong flow shear related to violent
storms. The flexible response distinguishes the microbial mat
layers from cohesion caused by synsedimentary cementation
(Schieber, 1999; Simonson & Carney, 1999; Eriksson et a/,
2000).

Roll-up structures

The carbonaceous laminae are locally deformed into small
cigar-shaped or roll-up fragments occurring within the dolomite
band. In cross-section the roll ups are elliptical in shape, up to
I mm in size and aligned parallel to the bedding plane. Their
length varies between 5 to 8 mm. Within the small folds
carbonaceous laminae are closely intercalated with relatively
thinner dolomitic bands (Figs. 7a, b). The dolomitic laminae
occurring above and below it are undeformed and bear a sharp
contact with the carbonaceous laminae.

Like the folded-over carbonaceous laminae, the roll-up
structures also indicate the cohesive behaviour of benthic
microbial mat (Schieber, 1986; Simonson & Carney, 1999). The
undeformed underlying and overlying silt laminae further
corroborates the syn-depositional origin for the roll up
structures. When the microbial mat cover is subjected to storm
currents they may be rolled to form roll up structures.

Quartz silt aggregates
The black shales often contain curious clusters of quartz
silt grains within the carbonaceous laminae (Fig. 8). The

Frg 9—Photomicrograph in transmitted light showing thin mat shred.
with a quartz silt attached (arrow).

aggregates appear elliptical 1n sections perpendicular to
bedding. Length of the long axis of the ellipse varies from 0.5
to 1 cm. Closer observation reveals thin carbonaceous films
surrounding individual quartz grains. Size of individual quartz
silt grains vary from 0.05 to 0.1 mm. The carbonaceous laminae
occurring above the clusters seem to wrap it evenly.

The clay aggregates are not in hydrodynamic equilibrium
with the surrounding finer material. The clusters possibly
represent dried out microbial mat chips formed at the shallower
part of the basin and then transported by storm currents into
the deeper sea (Olsen ez al., 1978; Schieber, 1999).

Thin shreds of mat fragments

Thin shreds of carbonaceous fragments (3 mm thickness)
can be seen encased within the dolomites (Fig. 9). The mat
fragments vary in length from 0.5 to 1.5 mm. Edges of these
mat fragments have characteristically frayed appearance. Often
these carbonaceous fragments contain quartz silts attached
to the shreds.

The thin shreds of mat fragments possibly represent
pieces of mat fragments produced because of storms actions
on microbially covered bed surfaces. The very thin, detached
mat fragments must be cohesive enough to be carried by the
storm currents. The attached quartz silts corroborate that thin
shreds are far more cohesive than ordinary muds. Cohesive
behaviour of the mat fragment identifies them as of microbial
mat.

Mat diagenetic features
Decay and diagenesis of microbial mat cover generates
the mat-diagenetic features. The most common product during
diagenesis of mat is pyrite laminae.
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Fig. 10—Photomicrograph 1n reflected light showing wavy pyritic
laminae.

Pyritic laminae

The wavy-crinkly, carbonaceous laminae very often
exhibit clusters of pyrites confined within the laminae (Fig.
10). Although concentration of pyrites within the black shale
are less (<1% of the rock volume), the wavy laminated nature
distribution is significant. Such pyritic laminae are wavy
laminated. Within the pyritic laminae pyrites occur as euhedral
to subhedral crystals of 5 to 10 microns in size. Pyrites also
occurs as framboidal aggregates within the laminae (Fig. 11).

In Phanerozoic black shales pyrite tends to be
disseminated and do not form laminae. The black shales of the
Semri Group exhibit wavy pyritic laminae which are bedding
parallel suggesting possible mineralized microbial mat laminae
(Schieber, 1998, 1999, 2004). The decay of the microbial mat in
the marine setting produced hydrogen sulphide which in
presence of reactive irons formed pyrites (Berner, 1984). The
general absence of this lamina type from Phanerozoic black
shales reflect rarer occurrence of benthic microbial mats in
Phanerozoic black shale forming environments. Availability of
iron, duration of anoxic condition and thickness of the decayed
mat determines the quantity of pyrites.

DISCUSSION AND CONCLUSIONS

Microbial mats flourished in Precambrian seas in absence
of grazing organisms and influenced Proterozoic sediment
depositional systems in a major way. Although microbially
mediated structures are well documented from Proterozoic
carbonates, their siliciclastic counterparts are yet to be known
properly. Microbial mat origin in siliciclastic rocks are inferred
based on indirect evidences, in finer grained rocks the features
are very subtle. The organic-rich shale unit of the Kajrahat
Formation exhibits many subtle textural features which
indirectly suggest their microbial mat origin. Wavy, crinkly

:195 microns|

v 4

Yok o R
: :

Fig. |1—Photomicrograph in transmutted light showing pyrite framboid.

carbonaceous laminae are in direct contrast with the planar
laminated fabric of most of the Phanerozoic black shales. Wavy
laminae are suggestive of microbial mat growth on muddy
siliciclastics. Current actions, possibly by occasional storms
created physical destruction of microbial mat layers generating
some features like the folded over carbonaceous laminae, roll-
up structures and occasional torn pieces of the mat layers. All
the features suggest that the black shale deposition possibly
took place in outer-shelf depositional setting, which is
disturbed by violent storms. The Phanerozoic black shales,
form due to passive accumulation of organic matter are deep
basinal origin, whereas the microbially originated black shales
of the Kajrahat Formation represent predominantly shelf
depositional setting. Microbial mats impart unusual
cohesiveness to the muddy sediments, which is revealed by
the features like folded over carbonaceous Jaminae and roll-
up structures. Decay of microbial mats produces local
anaerobic conditions which is conducive for the formation of
pyrites following the carbonaceous laminae. Growth of
microbial mat requires sediment starvation in the basin. The
black shale unit therefore represents a maximum flooding
surface (Posamentier ef a/,, 1988) in the overall depositional
scenario (Bose et 2/, 2001; Jeevankumar, 2006) and is a key
sequence stratigraphic element within the Vindhyan
Supergroup.
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