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ABSTRACT

The Subathu Formation (Late Thanetian-Early Priabonian) of the Himalayan Foreland Basin constitutes a 2nd order depositional sequence with
a subaerial unconformity at the base and a tidally influenced transitional sequence at the top. Three 3rd order T-R successions - A, B and C are
recognized. Succession A (late Thanetian-late early Cuisian) includes seven facies association (FA) and commenced with transgression (TST; A.1),
followed by MFS and a condensed section ( A.2; P4, SBZ 4-9), carbonate-siliciclastic coarsening upward sequence (A.3-4; HST), tectonically driven
deposits (A.5-7),  formation of back barrier lagoon with tidal inlet inhabited by sharks, ray fish; poor circulation in the lagoon caused mortality of
the vertebrate fauna (A.6) and Early stage base level rise (A.7).

Succession B. (Middle-Upper Cuisian, SBZ 11-12) includes seven FAs, B.1. Minor flooding surfaces, B.2-3. Coarsening upward succession,
tidalflat, subtidal setting, B.4. Muddy tempestites, in inner shelf, B.5-6. Several benthic foraminifera and crabs indicate rise in sea level, B.7.
Amalgamated sequence of proximal tempestites of shoreface in inner shelf setting.

Succession C. (Early Lutetian-Early Priabonian) constitutes four FAs, C.1. Begins with flooding marked by Assilina spira abrardi zone,
succeeded by Biotic condensation (C.2) passing into the Passage Bed (C.3; FSST) displaying textural inversion in delta influenced setting, and coastal
sand (C.4; White Quartzarenite).

Conformably overlying basal part of the Dagshai Formation comprises three tidally influenced parasequences (D.1-3; LST) separated by two
calcrete levels.

The C.4 and D.1 mark tidally influenced transgressive ravinement surfaces.
Keywords: Paleogene, Himalayan Foreland Basin, Sequence Stratigraphy, Subathu Formation, Basal Dagshai, Tidal influence

INTRODUCTION
The well-known adage, “First impression is usually the

last impression”, seems to hold good for the significant
observations and studies of Medlicott (1864) who opined that
the Paleogene succession of the Himalayan Foreland Basin,
comprising the Subathu, Dagshai and Kasauli formations,
constitutes a continuous conformable sequence designated
by him as the ‘Sirmur Series’. Scores of geologists who have
traversed across the succession in the Lesser Himalaya have
broadly agreed with Medlicott’s observations. These three
formations have distinctive lithology and facies, indicating
transition from shallow marine through estuarine to fluvial
environments.

In the context of the theme of our present work, important
contributions were made by Singh, I.B. (1978), Raiverman
(1979), Srivastava and Casshyap, (1983), Batra (1989), Bagi
(1992), Najman et al., (1994), Singh, B.P. (2003, 2010, 2012, 2013),
Singh and Andotra (2000) and Prasad and Sarkar (2002).

Bhatia  and Bhargava (2005) presented a regional
correlation of the entire suite of the Paleogene sediments from
Nepal in the east to the Sulaiman Range in Pakistan in the
southwest and also provided palaeontological and other
evidences demonstrating biochronological continuity of the
Paleogene sequence (Bhatia and Bhargava, 2006).  This
comprehensive regional correlation provides an integrated
picture of the geological history of the entire Paleogene
Foreland Basin and briefly discusses the event and sequence
stratigraphy during the Paleogene.

A few recent publications deal in detail on the facies and
depositional environment of the Paleogene succession. Bera

et al. (2008, 2010) identified shelf, mixed deltaic lobe, shoreface
and subaerial alluvial plain facies associations in the Subathu
Formation. Singh, B.P. (2012) argued that the Subathu
succession was deposited in a shallow marine setting mainly
in subtidal to shoreface areas.

The Himalayan Forel and Basin (HFB) has a vast
geographical extent; its sediments display structural and
tectonic complications that lack continuous sections in the
outcrops. We have, thus, restricted the scale of our sequence
stratigraphic framework to a limited geographical extent and
availed of lithostratigraphic vertical profile as exposed in Jammu
in the northwest and at selected localities in the Shimla Hills.

The present paper on the sequence stratigraphic framework
of the Paleogene sequence is a sequel to the earlier publications
of Bhatia and Bhargava (2005, 2006, 2008) referred to above
and is based on well-established chronostratigraphy of the
sequence and the vertical and lateral facies analysis.

STRATIGRAPHIC  AND  STRUCTURAL  SETTINGS
The Paleogene rocks of the HFB, sandwiched between

the Siwalik Group in the south along the Main Boundary Fault
(sensu stricto) and Precambrian rocks in the north along the
Main Boundary Thrust extend from Kashmir in the west to
Arunachal Pradesh in the east. The absence of these rocks in
certain sectors (e.g. Darjeeling) is due to concealment below
the overlying thrust sheets rather than to lensing out of the
basins as suggested by some workers.

In the Himachal Pradesh sector the Paleogene sequence
of the Himalayan Foreland Basin, designated as the Sirmur
Group, is divis ible  into Subathu, Dagshai (=Low er
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Dharamsala=Low er Murree) and
Kasauli (=Upper Dharamsala=Upper
Murree)  formations.  Of these, the
Subathu Formation inc luding the
Kakara  Member occurs at several
tec tonic levels  (Auden,  1934;
Bhargava, 1976; Najman et al., 1994).
Najman et al. (1994) regard the Subathu
outcrop resting over the Simla Group at
Halog to occupy the highest tectonic
level. Auden (1934) and Bhargava
(1976), however, consider the Subathu
sequence over  the Krol and Tal to
represent the highest tectonic level. Pre-
tectonic restoration of these deposits
reveals that the Krol Belt occupied the
farthest position with respect to the
lowest parautocthonous belt. The HFB
Sea, thus, extended far to the north over
the extensively peneplaned and folded
area (Bhargava et al., 2011) that now
forms the Lesser Himalaya, possibly as
embayments. In these embayments, the
Subathu sequences were  depos ited
over various Precambrian rocks and
locally over the Cambrian, Permian and
Cretaceous rocks. At many localities a
bauxite/la teri te hori zon intervenes
between the Subathu and the older
rocks denoting a major  subaeri al
unconformity. Towards the end of the
Subathu sedimentation the sea level
fell, embayments obliterated and the
sea was confined to the main
parautochthonous belt where the
Subathu Formation is conformably
succeeded by the Dagshai and the
Kasauli formations.

In the Shimla Hills, the Paleogene
rocks strike NW-SE and generally dip
in NE direction. Three main thrusts
tr aver se the Paleogene sequence
(Karunakaran and Ranga Rao, 1979).
These thrusts,  which divide the
Paleogene succession in three distinct units, from south to
north are: (i) Bilaspur Thrust, (ii) Surajpur Thrust and (iii) Ranon
Thrust.  In addition, another thrust viz. the Dagshai Thrust
has been identified in the Kalka-Solan section (Fig. 1). The
present paper mainly deals with the rock succession between
the Surajpur and Dagshai thrusts (Figs. 1-2).

The spatial repetition of the Subathu, Dagshai and Kasauli
formations  has  been largely explained due to folding
accompanied by reverse faults. Dubey et al., (2001) suggested
that in the first stage early basement faults were formed during
the tensional phase. Increased displacement along the basin
margin faults led to subsidence of the basin. Mukhopadhayay
and Mishra (2005) opined that the spatial repetition is due to
thrusting; with increased compression the thrusts propagated
into the basin and caused thrust-propagated folds. Baruah et
al. (2011), based on field data and seismic profile, have
proposed a balanced section that shows two-tier decollement
system.

SEQUENCE   MODEL   AND  CHRONOSRATIGRAPHIC
FRAME WORK

The Kakara-Subathu-Dagshai succession (Bhatia and
Bhargava, 2005, 2006), which exhibits a complete transition
from marine through tidal to fluvial facies, represents a second
order depositional sequence (sensu Mitchun, 1977). This
depositional sequence has a subaerial unconformity (sequence
boundary) at the base—contact of Subathu Formation with
the underlying Proterozoic sequences, and a conformable
transition zone  at the top—between the youngest beds of the
Subathu Formation (Facies association C.4, discussed below)—
the distinctive white quartzarenite (henceforth WQ) and the
overlying tidal-estuarine-fluvial Dagshai Formation at the top.

Several workers (Singh, I.B.  1978; Srivastava and
Casshyap, 1983; Singh B.P., 2000) recognised the tidal and
estuarine signatures in the basal part of the Dagshai Formation.
Bera et al.,(2008, Fig. 7) described in the Gahi river section

Fig. 1. Geological map of part of the Shimla Hills showing the Paleogene sequence between Surajpur
and Ranon thrusts (modified after Bagi, 1992).
1a. Enlarged map of a part of the Paleogene sequence near Koti, Kalka-Shimla Highway (NH 22)
showing collection localities A & B (after Bagi, 1992).
1b. Map showing locations of Kakara, Halog and other important localities referred to in the text
(after Mathur and Juyal, 2000).
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Fig. 2. Geological map of the Paleogene succession around the Subathu type area and the Kuthar river section
showing important sample locations of Loyal (1990) (modified after Kishor and Loyal, 2006).

Assilina spira abrardi-bearing limestone as calciturbidite
followed by WQ representing upper foreshore to shoreface
deposits with a thin intervening grey shale (Facies E1). This
juxtaposition of two contrasting facies is untenable as it
violates the Walther’s Law of facies. Further, Bera et al. (2008)
consider Assilina spira abrardi as a reworked fossil from the
craton. Throughout the Tethyan Basin and also in the Shimla
Hills Assilina spira abrardi occurs in the faunal zone SBZ 13
(Serra-Kiel et al., 1998), overlying the SBZ 12 (with Assilina
cuvillieri and A. laxispira) (Mathur and Juyal, 2000). The
interpretations of Bera et al. (2008) are, therefore, untenable
and have been rejected by Singh, B.P. (2010) who argued that
the early Himalayan Foreland sequences were deposited in
shallow marine setting (water depth <55 m) mostly in subtidal
and foreshore areas. Singh, B.P. (2010) identified three broad
facies in the Subathu Formation, viz. I, II and III. The bedding
features studied by us in the Koshalia river section (Fig. 3), a
critical study of pre-existing literature and supplemented with
field checks have enabled us to construct a comprehensive
sequence stratigraphic framework in the present paper. The
Subathu Formation represents a second order depositional
sequence whose deposition commenced in the Late Thanetian

~56.5 Ma as  a r egional
transgression in the Lesser
Himalaya and continued till
Late Bartonian-? Early
Pri abonian (Bhatia and
Bhargava, 2005, 2006)—a
duration of approximately 17
Ma,  and consists of three
dis tinc t 3rd order T-R
successions designated here
as A, B and C in that
chronological order. The
conformable Dagshai
success ion,  which w as
deposited in continuity of the
Facies Association C.4 in tidal,
estuary/fluvial  setting is
considered as a separa te
succession and designated as
D. Since no complete vertical
profile of these succession
exists at any one locality, we
have computed a lithocolumn
(Fig. 4) based on data from
Bagi (1992), Mathur and Juyal
(2000), Loyal (1990), Kumar
and Loyal (2006) and Siddaiah
and Kumar (2007, 2008). The
composite litholog (Fig. 4)
shows the entire Succession
A w ith basa l subaer ial
unconformity (SU). Details of
parts of the Succession A are
also exhibited at Kakara (Fig.
5). Based on foraminiferal
biostratigraphy and other age
diagnos tic biota, the
chronostratigraphic range of
Succession A is estimated from
the  Late Thanetian to l ate

Early Cuisian (sensu Schaub, 1981) (~56.5 Ma -51.5 Ma), a
duration of approximately 5 Ma, spanning larger foraminiferal
benthic zones SBZ-4 to SBZ-10. In the Shimla Hills this sequence
is best developed and exposed between Kakarhatti and the
Kanda Bridge in the Kuthar river section (Figs. 2, 4) that flows
along the trace of axis of the Kuthar anticline—younging in
the upstream direction.

This litholog (Fig. 4) also illustrates the facies association
of the basal part of the Succession B in continuity with the
lithofacies A.7, which it overlies conformably. The Succession
B ranges from ~51.5 Ma to 49 Ma—a duration of approximately
~2.5 Ma, representing Middle and Upper Cuisian, i.e. SBZ 11
and SBZ 12. The basal part of the Succession B is represented
by facies associations B.1—B.4.

Typical representation of the upper part of the Succession
B containing index larger benthic foraminifera of SBZ 11 and
SBZ 12 corresponding to the Zone VI of Mathur and Juyal
(2000), is best exposed in the upper part of the Koshalia river
section (Figs. 1,3). Downstream from the bridge this succession
measures 110 m (Fig. 3). This section exposes the upper part of
the Succession B (B.5-B.7) and the entire set of beds of the
Succession C and part of the Succession D. The Succession C
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ranges in age from Early Lutetian (sensu Schaub, 1981) to Late
Bartonian -?Early Priabonian (~49 Ma-41.5 Ma), spanning a
duration of approximately 8.5 Ma. The base of this 110 m section
is demarcated by a thrust. The section further downstream,
beyond the confluence of the Gahi and the Koshalia rivers, is
traversed by several thrusts causing repetition of fossiliferous

beds. This  tectonical ly
complicated section thus is not
included in the present study
as it is difficult to tie up top of
the facies association B.4 (Fig.
4) of the Kuthar river section
with the basal part of the Facies
association B.5 of the Koshalia
river section (Fig. 3).

SUBATHU FORMATION:
FACIES ASSOCIATION,
S E Q U E N C E
S T R A T I G R A P H I C
SURFACES AND
SYSTEMS TRACTS
Succession A

Facies association A.1:
This facies association (a part
of Transgressive Systems
Tract), constitutes the basal
part of the Subathu succession,
wherever the unconformable
base is exposed, it corresponds
to the biostratigraphic Zone I
of Mathur and Juyal (2000)
(non-Danian succession ?
Singtali Formation). This facies
associa tion, corresponding
with Facies Association I of
Singh, B.P. (2012), comprises
dominantly of carbonaceous
shale, coal seams and oyster-
bearing limestone (Pl. I, fig. A).
This facies is best developed
in the Kalakot area  (J&K),
where it r ests over the
Mesoproterozoic  Sirban
Limestone along a prominent
subaerial unconformity marked
by a bauxite layer in the Jammu
area (Singh, B.P. 2003.; Singh
and Singh,  1995) and an
intervening Chert Breccia
(Singh, B.P. 2012)- reinterpreted
by Siddaiah and Shukla (2012)
as a rhyolite.

Facies association similar
to the one at Kalakot has
recently been recorded from
two localities in the Shimla Hills
(Siddaiah and Kumar, 2007,
2008) in the vicinity of Subathu
and in the lower Koshalia River.
These records are significant in
as much as the coal at these

localities is interbedded with kaolinised volcanic ash (tonstein)
and overlain by the biostraigraphically significant foraminifer
Daviesina (see discussion following facies). This helps to
constrain the timing of the volcanic activity in the foreland
basin to Late Thanetian. Facies association A.1 also occurs at
the base of the Kakara section (Fig. 5), where a 10 m thick

Fig. 3. Lithostratigraphic section of the Successions B (in part), C (Subathu Formation) and part of D (Dagshai
Formation) in the Koshalia River section showing sequence stratigraphic surfaces and systems tracts. FS-
Flooding surface, FSST-Falling Stage Systems Tract, HSST-Highstand Systems Tract, LST-Lowstand Systems
Tract, RSME Regressive surface of marine erosion, RW-Late Highstand Systems Tract regressive wedge, TST-
Transgressive System Tract, TTRS-Transgressive tidal ravinement surface.
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succession of
carbonaceous mudstone
and limestone (?oyster-
bearing) rests with a
subaerial unconformity,
manifested by an
intervening bauxite, over
the Neoproterozoic  Simla
Group.

Interpretation: This
facies marks the initial
tr ansgress ion in the
Lesser Himalaya during
the Late Thanetian and
forms part of the
Transgress ive System
Tract (TST). Apart from
the significance of
volcanism during the
transgression, the
occurrence of kaolinite in
the ash bed as recorded
by Siddaiah and Kumar is
noteworthy (cf. Ketzer et
al., 2003).

The maceral and
microlithotype of the coal
shows that the  plant
debris came from the low
forest in limno-telematic
brackish water estuarine
setting (Singh and Singh,
1995). The oyster-bearing
limestone heralds
beginning of marine
environment.

Facies association
A.2: The  A.1 faci es is
fol lowed by mixed
carbonate and siliciclastic
facies (A.2) designated as
the “Kakara Facies”, since
it i s best developed at
Kakara (sensu Kakara
Member  thi s paper  =
Kakara Series, Srikantia
and Bhargava, 1967). It
corresponds to the Faunal
Zone II of Mathur and Juyal (2000) (Fig. 5) and also to a part of
Facies Association II of Singh (2012). The occurrence of this
fac ies as detached outli ers over di fferent Precambr ian
basements, which now occupy different tectonic levels as at
Halog (see location map 1b), northwest of Shimla and other
distant localities in the Simla and Jammu Hills (Rajpur Formation,
Singh and Andotra, 2000), is attributed to their deposition when
the Subathu Sea had acquired its maximum extent and
paleobathymetry (50 m) and its embayments extended to distant
areas.

The A.2 facies comprises fine grained greenish-grey
fossiliferous limestone, interbedded with subordinate pale
brown shale and mudstone. According to Srikantia and Sharma
(1970) limestone which occurs as lenticular bands within green

shale is of two types; i) fossiliferous limestone and ii)
fossiliferous phosphatic limestone. The phosphatic nodules
occur in varying s izes.  Pyri te, limonite, haematite and
glauconite are the important accessories in the limestone. The
shale contains 20-25% P2O5.

The bluish limestone is a pelagic packstone/wackestone
with scattered pelagic and other benthic foraminifera (Pl. II,
figs. A-F) and belongs to SMF type 3 (Wilson, 1975).

Biota: A rich biota is recorded from this lithofacies
association (Bhatia and Syed, 1988; Mathur and Juyal, 2000).
The important taxa being: Daviesina garumnensis (Tambareau),
D. tenuis (Tambareau), D. ruida (Schwager), D. khatyahi
Smout, D. langhami Smout, D. danieli Smout, Lockhartia hunti
Davies, Rotalia trochidiformis Lamarck, Pseudohastigerina

Fig. 4. Composite lithostratigraphic section of the Succession A and part of Succession B of the Subathu Formation
in the Kuthar River Section showing stratigraphic surfaces (not to the scale) (based on data retrieved from Mathur,
1978; Loyal, 1990; Kishor and Loyal, 2006; Siddaiah and Kumar, 2008). HST-Highstand Systems Tract, FS-
Flooding Surface, TST-Transgressive Systems Tract.
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micra (Cole), Alveolina minervensis Hottinger and echinoid
spines.

Interpretation: The above mentioned biota comprising
scattered pelagic and larger benthic foraminifera and other
fossils occurs  concentrated in the bluish packstone and
sporadically elsewhere in the succession marks the MFS. The
60 m thick succession of biomicritic limestone and green brown
shale includes a shell bed rich in biota that ranges in age from
Zone P4 and SBZ 4-SBZ 9, a span of nearly 3.5 Ma, and may
represent a stratigraphic condensation (sensu Baraboshkin,
2009) and mid cycle condensed shell beds (sensu Abott and
Carter, 1994; Carter, 1998), marking the transition from TST to
Early HST.  Though this succession may consist of several
hemicycles but overall it represents an HST setting. The A.2
facies association belongs to hemipelagic shallow water type
(sensu Barbaboshkin, 2009), which accumulated on the middle
to outer shelf of submerged platform or uplifts outside the
influence of deltaic or various other types of continuous
sedimentation (cf. Einsele, 1992) with limited or deficient supply
of terrigenous sediments.

Facies association A.3: This facies association overlies
the  Facies association A.2 and represents a  shoaling/

shallowing up phase and corresponds to the
Zone III of Mathur and Juyal (2000). There is an
abrupt and sharp change in the lihologies and
the biota from the  underlying A.2 Faci es
association. The Facies A.3 is best observed in
the sections at Subathu/Kuthar river section
(Figs. 2, 4). In the Kuthar river section, this facies
shows two prominent cream to bluish coloured
bioclastic packstones separated by siliciclastic
shale and siltstone. Shoaling/shallowing up
sequences are generally formed due to tidal flat
progradation (Miall, 2000).

Biota: This faci es association is
characterized by the following diagnostic Early
Cuisian taxa (SBZ 10):

N. burdigalensis burdigalensis de la Harpe,
N. partschi de la Harpe, N.  rotularius Deschayes,
N. subramondi, Assi lina spinosa Davies,
A. plana Schaub, Dasycl adacean algae—
Cyanopolia sp, Distichoplax sp, Echinoid—
Cyamidia numulitica and several species of
ostracoda (for details see Mathur and Juyal 2000).
The lower carbonate bed marked B (Fig. 4) is
characterized by the first appearance (FAD) of
the diagnostic Early Cuisian (sensu Shaub, 1981)
taxon Nummulites burdigalensis burdigalensis
(Pl. III, figs. B, Pl. IV. fig. B) and other Early Cuisian
(SBZ 10) taxa.

Interpretation: The microfacies association
(SMF Type 12) with above mentioned biota
suggests formation of the carbonate shoal in a
rimmed shallow shelf, close to shelf break, where
depths are shallow (<20 m) as in the south Florida
shelf (Tucker, 1985; Einsele, 2000). A shoaling/
shallowing of sequence (regression) similar to
the one from the Facies A.2 (paleobathymetery
50 m) and A.3 (paleobathymetery <20 m) of the
Shimla Hills also occurs in the homotaxial Naredi
Formation of western Kutch (Chattoraj et al.,
2009).

The Facies associations A.4-A.7 are well exposed in the
Kuthar River section and extend along the strike for over a
di stance of approximately 7 km. These faci es roughly
correspond to the Subzones IIIa, IIIb and IIIc of Mathur (1978,
1979). It is difficult to estimate the precise thickness of these
facies associations from the data available as the sequence
occurs as disconnected outcrops on either bank of the river
(Mathur, 1978; Loyal 1990). These facies associations are
described below.

Facies association A.4: This facies association comprises
mixed carbonate and siliciclastic facies and corresponds to
Zone IIIa of Mathur (1978). The dominant rock types are grey-
green shale interbedded with fossiliferous grey limestone rich
in oyster and other mollusks and nummulitics. The shale is
sporadically glauconitic and also pyritic. The beds are best
exposed for a distance of about 3 km along strike between the
Bridge B3 and Bridge B2 (Kharsi Bridge) at localities KA to KH
Unit II (Fig. 2) (Loyal, 1990).

The rhythmic alternation of carbonate and siliciclastic
sediments may be related to base-level changes or changing
supply of siliciclastic sediments from the land.

Fig. 5. Lithostratigraphic section of the Subathu Formation in Kakara type section
depicting sequence stratigraphic surfaces and system tracts (based on data after Mathur
and Juyal, 2000). HST-Highstand Systems Tract, MCS- Mid-cycle Condensed Shell Bed,
MFS-Maximum Flooding Surface, SB-Sequence Boundary, SU-Subaerial unconformity,
TST-Tragressive Systems Tract.
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Biota: Besides the occurrence of unidentifiable oyster and
the zonal fossils Cordiopsis subathooensis and Turritella
subathooensis d’Archaic and Haime, several large benthic
foraminifera like Nummulites rotularius Deschayes, Assilina
plana Schaub—both species restricted to SBZ 10 are also
recorded.

There are two records of significant vertebrate fossils from
the supposed Zone IIIc (Mathur, 1978) of the oyster-rich
limestone that include the oldest global records of sirenians—
Isatherium subathuensis Sahni and Kumar (1980) and the
cetacean Himalayacetus subathuensis (Bajpai and Gingerich,
1998)—both new genera and species. In our opinion these
vertebrate fossils are from Zone IIIa and not Zone IIIc. The
coordinates of the collecting locality given by Bajpai and
Gingerich (1998) appear to be erroneous as according to us
their locality falls close to the Bridge B2 (Fig. 2) in the vicinity
of locality KG of Loyal (1990). Sahni and Kumar’s (1980) locality
X1 also appears to be close to locality KG (downstream from
the prominent meander of the Kuthar River). Bhatia and
Bhargava (2005, pp. 116-117) have discussed the age of H.
subathuensis vis-à-vis Pakicetus from the Kuladana Formation
of Pakistan.

Interpretation: Sahni and Kumar (1980) and Bajpai and
Gingerich (1998) visualized an open shoreline setting in shallow
mar ine envi ronments , where ancestor s of Ishatherium
subathuensis and Himalayacetus subathuensis evolved and
thrived. Sahni and Kumar (1980) regarded the presence of
“oyster banks all along the high energy strand line environment
of the Subathu Sea” . We consider the deposi tional
environment of the Facies association A.4, as a wave dominated
open shoreline with fluctuating base level.

The termination of the deposition of the Facies A.4
Association coincided with the collision of the Indian Plate
with the Kohistan Island Arc, which changed the basinal
conditions, as is evident by the overlying facies associations
(A.5-A.7) described below:

Facies Association A.5: It corresponds to Zone IIIb of
Mathur (1978) and Zone IV of Mathur and Juyal (2000) and is
best represented by sections at localities KI to KK (Loyal,
1990) (Fig. 2). At these localities, the sequence is predominantly
of red shale with interbedded conglomerate/iron-rich paleosol
that rests over the coarse-grained green sandstone with
glauconite.  The top of the ferr icre te may represent a
subaqueous transgressive surface and not as a sub-aerial
disconformity as the overlying sequence (A.6) is also marine.
The red shale at the locality KK followed by limestone
consisting of iron oxide and phosphatic nodules becomes
micro-conglomeratic at localities KM and KO and may
represent a flooding surface. The red conglomerate contains
isolated teeth of shark (Loyal, 1990; see detailed list below).
The petrography of the red beds at localities KJ and KK
comprising splintery shale,  conglomerate,  oval shaped
ferruginous concretions (ferricrete) and limonitic stains on the
green sandstone, so well described by Loyal (1990, p. 14),
suggests that they belong to ‘Type 7’ – Shpattered Red Beds
of Clark’s (1962) field interpretation of Red Beds.

Interpretation: The Facies Association A.5 was deposited
under anaerobic conditions in subtidal part of the lagoon that
was relatively deeper and barred as compared to the one at
Locality KK and contains terrestrial mammalian and reptilian
remains. The occurrence of red shale with large chunks of
gypsum in the Kuthar River section as at locality (Stop 4, about

50 m downstream from Kharsi Bridge, Kumar and Loyal, 2006,
p. 28) points to precipitation of gypsum in the back barrier
shallow water lagoon. Overall the facies A.5 represents
depositional setting as Early High Stand Systems Tract - Back
Barrier Island Lagoon (with occasional subaerial exposure).
The depositional event seems to coincide with global LSW
TA2-2.7 between ~51.5 Ma-51 Ma.

Facies association A.6: It comprises predominantly
greyish black shale  with pyrite , grey l imes tone , bl ack
conglomerate, sporadically with coquina and subordinate
purple and variegated shale. This facies association is well
developed at the adjoining localities KM, KN and KO (upstream
of the Kharsi Bridge B2 and not downstream as mentioned by
Loyal, 1990). At the locality KO (also known as Muddy Boots
locality, Kumar and Loyal, 1987), the limestone consisting of
iron oxide and phosphatic nodules and becomes micro-
conglomeratic.

Biota: A comprehensive list is provided by Loyal (1986),
Kumar and Loyal (1987), Loyal (1990) and Blas et al., (2004).

Some of the important taxa are mentioned below:
Selachi (Shark)—8 genera and 10 species (inc luding
Galeocerdo sp, Galeorhinus sp), Reptilia Pristichampsus sp;
Batoidea (Rays and skates)—4 genera and five species
including Subathurura casieri (n. gen., and n. sp.), Dasyatis
rafinesquei (n. sp.), Holostei—one genus and 5 species
including Pycnodus bicolestata; Telostei—4 genera and 4
species including Kankotodus capettai.

Interpretation: Deposition of the Facies Association A.6
probably corresponds to the early Cuisian anoxic event which
had an impact on the vertebrate fossil fauna. The greyish black
shale and black conglomeratic limestone of Facies Association
A.6 have the largest and most diverse late Early Cuisian
vertebrate fauna in the HFB. These include disarticulated
remains of animals from diverse environments and habits such
as shallow open marine, coastal waters, bottom dwellers,
brackish bays, terrestrial and fresh water.  In the Kuthar section
these mixed faunal assemblages are usually associated with
transgressive lag deposits. Wave action relocated the remains
of marine animals in shallow water and beaches; while the river
currents and flooding transported and deposited the remains
of upland terrestrial mammals and reptiles in the shallow sea.
The sedimentation took place in a back barrier lagoon with a
narrow tidal inlet with poor circulation leading to mass mortality
of the prolific vertebrate fauna of the lagoon. This surmise is
based on the fact that the prolific vertebrate fauna of A.6 of the
Kuthar river section is not replicated elsewhere in the HFB.

Facies association A.7: This  facies  associati on
corresponds roughly to the Zone IIIc of Mathur (1978) and
Facies II (part) of Loyal (1990). It is best exposed for a distance
of approximately 2 km upstream from the prominent meander-
loop of the Kuthar River (collecting localities KP-KV; Loyal,
1990) up to Kanda Bridge (Fig. 2). The facies association
includes variegated grey, yellow and green shale showing good
bedding with intercalated lenticular (cm scale) grey limestone
beds, red shale with thin micro-conglomerate and green medium
to coarse grained sandstone. The facies association, as
exposed along the northeastern bank of the river at localities
KS-KT-KU seems to be a deposit of tidal complex and barrier
system affected by sea level changes,

Changes in facies are presented in chronological order in
Table 1.
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EXPLANATION  OF  PLATE  I
A. Coal seam forming the basal part of the Subathu Formation, exposed

along an un-metalled road to Kalakot. The first limestone bed appears
about 4.5 m above the base; 7 m from base limestone contains
foraminifers (Photograph courtesy Dr Kishor Kumar, Wadia Institute
of the Himalayan Geology).

B. Distant view of the Red beds and white quartzarenite (Subathu
Formation) and the Dagshai Formation, exposed near the bridge
along the road from the NH 22 to the Koshalia River section (File
photograph by H. Bagi in 1992, presently landslide and thick

vegetation have covered the outcrop of the Red beds).
C. Close-up view of the above.
D. Close-up of the underside of the white quartzarenite with trace fossil

?Ophiomorpha. Note red shale partings in the basal part of the
quartzarenite.

E. Hummocky cross stratification in the siltstone/fine grained
sandstone bed occurring below the Assilina spira abrardi Bed in the
Koshalia River section, Facies Association B.7.

F. Gutter cast at the sole of the siltstone bed shown in Fig. E.

The base level changes during the deposition of A.5-A.7
were tectonically driven as a sequel to the collision of the
Indian Plate and the Kohistan Island Arc along the Main
Mantle Thrust (Tahirkhelli et al., 1997) coinciding with the
global sea level changes LSW ~51.5-50 Ma; TA 2-2.7) during
the late Early Cuisian. The collision “resulted in changes in the
dynamics of the sedimentary basins and deposi tional
conditions….” (Siddiqui, 2009, p. 455). Restricted marine
evaporate trough were formed in Kohat and Potwar in NW
Pakistan. Jatta gypsum and salt of Mami Khel were deposited
in these restricted troughs (see also Bhatia and Bhargava, 2005).
The impact of the collision was less in the Subathu Sub-basin
(present area of study), where the Facies Associations A.5-
A.7 were deposited in a wave dominated Back Barrier Island
lagoon (BIL) complex, which had a narrow inlet.   The diverse
interactive environments of BIL like salt marshes in back barrier
lagoon, inlet delta, the shoreface, tidal flats, small river estuaries
and marshes with fresh water ponds are reflected in various
rock-types and diverse biota of the facies association A.5, A6
and A.7.
Succession B

The Succession B can be classified into seven facies
associations described below. Facies Associations B.1 to B.4
are exposed in the Kuthar river section and B.5 to B.7 in the
Koshalia river section.

Facies association B.1:  This facies association, which
rests conformably over the green sandstone bed of the Facies
Association A.7 represents a lag deposit with plant debris,
comprises 8 m thick green shale with well preserved bedding
and two dark grey centimeter scale shell beds rich in bivalve.
The base of this facies association marks a flooding surface.

Biota: Unidentifiable oysters, Cordiopsis subathuensis
d’Archaic and Haime and bone fragments of selachians.

Interpretation: This facies association represents inner
shelf environment with subtidal carbonate shoals.

Facies association B.2: The association comprises
approximately 110 m thick monotonous sequence of grey-green
shale coarsening upwards with thin intercalations of several
siltstone bands, and calcareous shale/limestone couplets.
Approximately 8 m from the top of the measured section there
is a prominent 3.5 m thick limestone bed rich in oysters and
other mollusks.

Interpretation: This facies association was deposited in a
tidal flat to sub-tidal setting.

Facies association B.3: This facies (approximately 12 m)
includes 3.5 m limestone rich in oyster and other molluscs.
Grey shale with thin limestone band couplets form the bulk of
the sequence. The limestone bands are rich in Nummulites
rotularius and Assilina sp.

Interpretation: The litho- and biofacies of this facies
association indicates deposition in a tidal flat complex, mainly
in subtidal setting with oscillation in the base level.

Facies association B.4.: Well developed in the basal part
of the section in the Koshalia River section (Fig. 3) this FA
comprises 15.5 m of grey to greyish black mudstone with thin
(cm scale) bands of siltstone and limestone. The shale is fissile
and locally pyritic. The siltstone beds show horizontal burrows.
The succession exhibits typical proximal muddy tempestites
with hummocky cross stratification with displaced small-sized
larger benthic foraminifera as tempestite layers (Pl. IV, fig. C).

Biota : The mudstone contains a rich assemblage of smaller
and larger benthic foraminifera (Bagi, 1992). The larger
foraminifera include characteristic late Early Cuisian (SBZ 10)
taxa including Nummulites planulatus Lamarck, N. praelucasi
Douville, Assilina placentula (Deshayes), Dictyoconides
flemingi, Trochammina sp, Textularia punjabensis Haque,

Lithofacies Depositional environment Biota 
B.1. Green shale with well preserved bedding 
and cm scale two shell beds. 

Subtidal Inner Shelf  Succession B Hiatal concentration of bivalves, 
fragmentary remains of Selachians 

---------------------------------- ---------------FS—WRS----- ---------------------------- 
5. Fine to medium grained green sandstone. Lower Shoreface Plant debris 
4. Variegated shale Brackish water marsh to fresh water 

ponds 
Neocyprides bhatiai Mathur, Ilyocypris 
khoslai Mathur, Chara gyrogonites 
(Mathur) 

3.  Finely laminated grey shale, interbedded 
limestone, mostly lenticular 

Tidal flat, subtidal Nummulites, oyster, coquina, Venericardia 
sp 

2. Red shale with lenticular micro-
conglomerate 

Lagoonal mud with channel lag Fragmentary remains of reptiles and 
mammals 

1. Medium to coarse grained green sandstone Channel sand (in let) X 
 

Table 1: Interpretati on of facies variation and biota of subfacies of Faci es Association A.7 due to early rise i n sea level resulti ng in
mi gration (transgressi ve) of barrier i sl and compl ex l andward. (Based on data from Mathur, 1978; Loyal , 1990; Kumar and Loyal,
2006).
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EXPLANATION  OF  PLATE  II
All samples are from the Kakara Facies A.2, Halog (coll. C.M.Ahuja)
Figs. A. Wackestone with Hastigerina micra; B. Alveolina minervensis, Equatorial section (ES) X 50; C. a. Daviesina garumnensis ES X45; b.
Unidentifiable planktonic foraminifera X45; D. Daviesina danieli X45; E. Daviesina ruida ES X50:  F. D. tenuis AS X75.

Triloculina trigonula (Lamarck), Stainforthia dubia Haque,
Stianforthia sp and Cibicides lobatulus (Walker and Jacob).

Interpretation : The occurrence of muddy tempestite,
pyrite and ecologically significant genus Stainforthia are
interesting. The extant species of Stainforthia occur in a wide
range of suboxic/dysoxic/anoxic conditions (Patterson et al.,
2000). According to Moodley et al., (1997), S. fusiformis
(Williamson) is an opportunistic species and can colonise areas
formerly anoxic. We interpret deposition of this facies in the
inner shelf, at or close to fair weather wave base, prone to
periodic storms and oxygen-free zone.

Facies association B.5: The overlying 20 m thi ck
succession of muds tone  and interbedded limestone
(packstone/wackestone) and muddy marl (?mud drapes)
contain several species of larger benthic foraminifera, especially
abundant Nummulites sp. ex gr. N. tobeleri (S.B.Bhatia,
unpublished data)  and an indeterminate species of crab
belonging to the genus Glyphithyreus  Reuss (Pl. V, fig. J).

Interpretation: The random or ientation of the  crab
cephalothorax, chelae and large Nummulites (biconvex >8 mm)
suggests their trapping by sediments on a steep shelf slope
facilitated by non-calcareous sea-grass or algae.

Facies Association B.6: This  facies  associ ation,
approximately 17 m thick, comprises mudstone with prominent
50 cm thick carbonate buildup towards the top rich in larger
foraminifera (Bagi, 1992) has a splintery, marly lithology. This
sequence is of middle and early Late Cuisian age (SBZ 11, 12).

Biota: Assilina laxispira de La Harpe, A. cuvillieri Schaub,
A. placentula grande Schaub, A. papillata Nuttall, FAD of
Nummulites beaumonti d’Archaic and Haime (Pl. V, figs. A-I)
and bryozoan genus Steginoporella.

Interpretation: The facies represents a period of decreased
terrigenous input and a probable rise in sea level.

Facies Association B.7: This 23 m thick succession
represents  a coarsening upward success ion of greyi sh
mudstone with a number of cream-coloured siltstone and
sandstone intercalations indicating slow progradation and
gradual increase in siliciclastic input. In the top 3.5 m of this
sequence, the s ilts tone  beds show disti nct tempesti te
evidences manifested by gutter cast (Pl. I, fig. F) and hummocky
cross stratification (Pl. I, fig. E). This part so far has not yielded
any fossil.

Int erpretation: The presence of stacked proximal
tempestites and intercalated mudstone indicate deposition of
the amalgamated sequence in a high energy zone of shore face
and inner shelf setting. The sequence may correspond to the
regressive phase TA2-2.9 at the Cuisian/Lutetian boundary.
Succession C

Facies association C.1: It is 1-1.5 m thick foraminiferal
packstone and represents an abrupt change in facies from the
underlying mudstone/silt dominated B.7 Facies. The tests of
the dominant large-sized (>8 mm) flat assiline—Assilina spira
abrardi Schaub are mostly oriented parallel to the bedding
plane (Pl. IV, fig. A).

Biota :  The biota is dominated by large benthic
foraminifers. The following are important taxa (Pl. IV, fig. A):
Assilina spira abrardi Schaub, A. hamzehi Mojab, Nummulites
obesus, d’Archaic and Haime, N. lehneri Schaub, N. gallensis,
Heim, and N. praediscorbidus Schaub, besides oysters.

Interpretation : The Assilina-Nummulites packstone
represents a within trend flooding surface (cf. Catuneanu et
al., 2009). The large size-sized nummulitid taxa thrived in high
beach to open marine setting in carbonate shoals (Luterbacher,
1984), indicating deepening of the basin denoted by a flooding
surface (FS) during the early Lutetian global highstand TA3-
3.2. The facies represents a transgressive deposit with a
Transgressive ravinement surface (Pl. IV fig. E).

Facies association C.2: Only about 6 m section of this
facies association, which comprises green shale intercalated
with hard limestone bands with small disc-shaped assilines
(Assilina packstone) and calcareous nodules containing
fragments of bivalve at certain level, is exposed in the Koshalia
River section. However, better exposures of this facies are
available at locality B and Kharag (Fig. 1b, Morni Hills, Bagi,
1992). At the latter locality, a 1.5 m thick packstone bed occurs
about 12 m above the Assili na spira abrardi bed.
Approximately 12 m higher up in the succession, occurs a 1.5
m thick sandstone bed (tempestite) with hummocky cross
stratification and ripple bedding in the upper part. 3.5 m thick
splintery shaly marl caps the sequence.

Biota: The Assilina packstone encloses in abundance
Assilina major Heim, A. cuvillieri Schaub and A. medanica
Schaub, besides Nummulites discorbinus, which occurs
commonly in green shale in all sections of C.2 Facies.

Interpretation: The hard Assilina packstone bed with
assilines of Cuisian age, Assilina major with Nummulites
discorbinus (SBZ 14-16) is considered by us as a mid-cycle
condensed shell bed (MCS) which includes biotic erosion,
redistribution and compaction “dur ing periods of
nondeposition” (Baraboshkin, 2009; Hillgaertner, 1998).
Deposition took place in a water depth of 20-50 m. Nummulites
discorbinus signifies SBZ 14-16, A. medanica Kirthar age and
A. papillata Middle Lutetian age. The age of this association
is determined by Nummul ites discorbinus—being the
youngest taxon. The older taxa represent reworked fossils
derived from older rocks, exposed and immersed during the
flooding associated with C.2. The silt with hummocky cross-
stratification and ripple bedding at the top represents proximal
tempestite deposits.

Facies association C.3: This facies association was earlier
described as the Passage Bed (Bhatia and Mathur, 1967).  It is
made up of variegated sequence of predominantly red shale
siltstone and sandstone with local oyster beds and mudstone
rich in diverse fauna comprising terrestrial vertebrates, brakish
water ostracodes, epifaunal molluscs and nautilus (Bhatia 2000;
Bhatia and Bhargava,  2006). Besides, fresh water alga
Pediastrum and chara Raskyella peckii are also known. The
carbonate microfacies showing textural inversion (Pl. 4, fig D)
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EXPLANATION  OF  PLATE  III

All samples (except B) are from the Koshalia River section (Coll.
HB) Figs.  A. Assilina spira abrardi bed with Nummulites lehneri, FA
C.1; B. Well packed packstone showing N. burdigalensis Bed, Sample F3,
Kuthar River Section; C & E. Assilna packstone showing equatorial,

random and commuted (E) sections of A. major. FA C.2;   D. Packstone
showing equatorial and random sections of A. cuvillieri, FA B.6;  F. Axial
sections of Assilina spira abrardi, Form A, Facies C.1.
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EXPLANATION  OF  PLATE  IV
Figs. A. Nummulites and Assilina packstone/grainstone, A. spira abrardi
Bed sample with A. hamzehi  and N. praediscorbinus (Sample F.18,
Subathu type area, Coll. HB); B. Foraminifera and algal packstone showing
N. burdigalensis burdigalensis and dasycladacean alga (Sample F.3,
Subathu type area, Coll. HB); C. Photomicrograph of siltstone/fine
sandstone showing hummocky cross stratification and a tempestite layer

of assorted foraminifera in FA B.4, Koshalia River Section. X5; D.
Packstone showing coated and worn bioclasts (textural inversion SMF
10, locality B, Coll HB) in FA C.3, X5; E. Assilina spira abrardi Bed
showing scoured base the surface marks the transgressive  ravinement
surface and MFS, FA C.1, Koshalia River Section; F. Rip-off shale clasts
in the Dagshai Sandstone. (FA D.2),  Koshalia River Section. X5
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EXPLANATION  OF  PLATE  5

Figs A. Assilina laxispira (EV)- D=11.1; B. A. papillata – EV-D=11.1,
C. A.Cuvillieri Ev – D5.8; D. Nummulites obesus AS, Form B- D=11.7;
E. A. placentula grande  EV-D=7.2; F. A. Cuvillieri  ES-D=4.5; G.

Nummulites toberi AS Form A D=3.3; H. A. medanica EV Form A-
D=4.5; I. N. praelucassi ES-D=2.3; J. Glyphithyreus X1.

Journal of the Palaeontological Society of India
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Plate V
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includes i) gastropod packstone made up of turreted gastropod
with a few ostracodes in dark homogenous micritic matrix and
ii) bioclastic packstone/grainstone (SMF 12, Wilson, 1975)
containing foraminifera, bryozoa, bivalves, subrounded to
rounded litho and bioclasts in fairly well bedded layers of
micrite.

Interpretation: The extremely diverse assemblage of biota
(see Bhatia, 2000) makes it difficult to interpret the depositional
setting. However, admixture of fresh water, brackish, coastal
and high energy fauna with normal and marine fauna suggests
deposition in a river-dominated system in a deltaic setting.
The deposition took place during late Highstand Systems Tract.

Facies association C.4: The facies association termed here
as WQ and is classified as the youngest bed of the Subathu
Formation. Several previous authors designated it as White
Sandstone and classified it with the Dagshai Formation (Auden,
1934; Srivastava and Casshyap, 1983; Bhatia, 2000, Bera et al.,
2008). This facies association is not exposed in the Kohsalia
river valley; presently its contact with the underlying red beds
(Passage Beds) is best observed in the road section above the
valley. This too, however, is obscured by vegetation and thick
debris. However, in 1992 an excellent section could be observed
along the road (Pl. I, figs. B-C). At the base as well as upper
part of the white quarzarenite occur thin red shale partings (Pl.
1 Fig. D). Trace fossil ?Ophiomorpha also occurs at its base
(Pl. I, fig. D). The WQ is fine to medium grained, shows parallel
to  sub-paralle l bedding and ri pple  cross l amination.
Petrologically, the arenite comprises clean-washed quartz,
fragments of chert and chalcedonic silica. Approximately 70%
of quartz grains are angular to subrounded and moderately to
well-sorted. Rare fragments are of glauconite and pisolitic
laterite. The heavies are constituted of zircon, rutile and
magnetite (Srivastava and Casshyap, 1983).

The nature of the contact of this facies with the Dagshai
Formation is discussed in the following pages.

Interpretation: The WQ seems to have had a complex
sedimentological history (cf. Bera et al., 2008, 2010). It is beyond
the scope of this paper to confirm whether Bera et al’s., (2008,
2010) interpretations are valid regionally. More area needs to
be examined to work out the Sedimentology of WQ in space
and time. However, in view of its extensive development in the
Shimla Hills, the WQ is broadly interpreted to be a coastal
sand barrier deposit at the shore face. The contact of WQ with
the overlying Dagshai sediments seems conformable. However,
equivalent of this contact in the Kohat section of Pakistan is
unconformable (Bhatia and Bhargava, 2005).

TRANSITION FROM SUBATHU TO DAGSHAI  AND
SEQUENCE STRATIGRAPHIC SURFACES

The stratigraphic position as also the age of the prominent
WQ (i.e. White sandstone of Auden, 1934), which forms the
youngest unit (C.4) of the Succession C is controversial (see
Bhatia and Bhargava, 2005, 2006, 2007, 2008). Bhatia and Mathur
(1965) considered this unit together with the underlying red
and green shale (C.3) as the “Passage Beds” between the
Subathu and the Dagshai formations (for fuller discussions
refer Bhatia, 2000). The present study on sequence stratigraphy
favours its classification with the Subathu Formation. The
palaeontologica l and fi eld evidences demons trate a
biochronological continuity from the marine Subathu (Late
Thanetian- Middle Lutetian) through the Passage Beds (Late
Lutetian to Late Bartonian/?Early Priabonian; Bhatia and

Bhargava, 2006). Subsequently Bera et al., (2008) without any
cogent evidence interpreted a ?3 Ma break between the
Subathu and the Dagshai formations. More recently Jain et al.
(2009) based on fission track date of detrital zircons suggested
a >10 Ma gap between these two formations. Based on the
studies of diagenetic changes in the Dagshai sediments,
Raiverman (2002, 2006, 2007) observed that these sediments
experienced heating up to 200-3000 C. Thus the >10 Ma hiatus
concluded by Jain et al., (2009) on the premise that the Dagshai
sediments never reached the annealing temperature of zircons
in the range of 175-2500 C is questionable.

Our present work on the sequence stratigraphy (see below)
provides additional evidences  to support a  continuous
deposition from the marine Subathu Formation to the lower
part of the Dagshai Formation (Pl. I, fig. D). The most significant
facies change is between the Red Beds (C.3) and the WQ (C.4).
This prominent stratigraphic surface has a strong physical
expression and when viewed from a distance appears sharp
(Pl. I, fig B), but a close examination reveals the presence of the
red shale partings in the basal as well as upper part of the WQ
(Pl. I, Fig. D). The trace fossil  ?Omhioporpha occurs at the
base of the WQ in the Koshalia river section (Pl. I, fig. D). This
surface represents a Regressive Surface of Marine Erosion
(RSME) (sensu Plint, 1988).

DAGSHAI FORMATION: FACIES ASSOCIATION,
SEQUENCE STRATIGRAPHIC SURFACES

The Dagshai Formation rests over  the WQ along a
transgressive tidal ravinement surface (TTRS)  (sensu
Catuneanu, 2006). For the purpose of this study we examined
only 16 m of the basal part of the Lower Dagshai Succession
(D) of the Koshalia river section. This 16 m succession is
divisible into three parasequences designated as D.1, 2 and 3,
separated by two levels of paleosol (calcrete) representing
periods of non-deposition.

Facies association D.1: It is composed of following
sequence in descending order:

1d. 0.94 m thick red calcrete horizon with light grey kankar
and doubtful Thalassinoides,

1c. 0.60 m sandstone greenish sandstone, free of
bioturbation and any partings. Bedding features include parallel
to subparallel bedding, rare large smooth crested ripples
followed by mottled zone due to bioturbation. Minor pebbly
lenses in upper part,

1b. 0.60 m sandstone with red shale/clay partings that
pinch along the strike,

1a. 2 m fine to medium grained greenish sandstone with
reddish tinge, with partings of red shale and fairly large size
burrows. The bioturbated parts are filled with white sandy
material, finer than the host rock. Rare tests of foraminifera
Linderina occur in its basal part (in Bhatia and Bhargava, 2006),

Since A, B and C horizons are not clearly definable; the
calcrete horizon is considered to be a partially pedoginised/
truncated surface.

Interpretation: This part of the sequence is regarded to
represent coastal sandflat deposits with scattered mudflats
that were frequented by crabs. Large-sized burrows seem to
be substrate controlled.  A prolong exposure led to formation
of red calcrete in a warm-arid climate. This part of sequence
shows evidence of gradual progradation of the coast. Ranga
Rao, (1986) estimated 10 Ka? for the formation of calcrete in
the Lower Murrees (=Dagshai Formation).
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Facies association D.2: It has the following sequence:
2d. 1 m thick red calcrete,
2c. 2.2 m thick coarse to medium grained greenish/grey-

reddish sandstone showing subparallel bedding and low angle
truncation,

2b. 1.5 m Coarse-medium greenish sandstone,
2a. 2.2 m thick, coarse to medium grained greenish

sandstone w ith distinct red tinge, with subrounded to
subangular clasts of red shale (Pl. IV, fig. F)

Interpretation: The 2.2 m sandstone marks a flooding
event in a coastal part over a partially pedogenised surface,
the currents of i nvading sea ri pped off clas ts from the
underlying red shale (Pl. IV, fig. F). The 1.5 m sandstone possibly
marks the most important flooding surface of this cycle (though
still very shallow), followed by progradation of sandflat
environment with deposition of subparallel bedded sandstone.
Further fall in the sea level caused the formation of the second
level of the calcrete.

Facies association D.3: The sequence of this
parasequence is:

3c. >2 m greenish, grey, red-tinged, coarse-medium
sandstone with large-scale cross-bedding and trough cross-
bedding.

3b. 2.2  m greenish,  grey, red tinge, coarse-medium
sandstone (2.5 m) constitutes this cycle. Bottoms of several
beds are convex; along the trough clasts of red shale, green
siltstone/sandstone are concentrated.

3a. 0.80 m sandstone.
Interpretation: The unit represents another flooding event

restoring sandflat conditions with channels and channel lag.
Overall, the sedimentation of the Lower Dagshai sediments

referred above took place in a coastal ‘Low Accommodation
Setting’ with multiple palaeosol and flooding surfaces (= Tidal
Transgressive Surface of Catuneanu, 2006, p. 202, 253).
Presence of tidal bedding features and occurrence of marine
foraminifera in basal part of the Dagshai point to the existence
of coeval shore line during the Subathu-Dagshai transitional
period. As the seismic data are not available it will be hazardous
to comment on the distance of the shoreline from the Paleogene
outcrops.

The bedding features and sedimentologic interpretations
recorded in the present paper are in broad harmony with those
made earlier by Singh, I.B. (1978), Srivastava and Casshyap
(1983) in the Shimla Hills and by Singh and Singh (1995) in the
Jammu area.

CONCLUSIONS
1. Biochronologic and lithostratigraphic continuity from the

Subathu to the Dagshai was documented by Bhatia and
Bhargava (2005, 2006, 2008). This is further supported by
the Sequence Stratigraphy of the Subathu Formation to
the Dagshai showing a gradual evolution of the basin
with no significant break.

2. The index fossil -bear ing hori zons occur in perfect
stratigraphic order, which are globally correlatable. The
idea that these beds represent calciturbidites and have no
stratigraphic bearing is untenable. The silty/sandy beds
show hummocky cross-stratification and gutter cast. There
is no evidence of turbidites in the Subathu sequence.

3.   Our study of litho- and biofacies suggest that that
maximum paleobathymetry of 50 m is shown by the Kakara
facies , the remaining Subathu sequence was much
shallower.

4. The Facies Associati ons A.4 and D.1 mark tida lly
influenced transgressive ravinement surfaces indicating
early base level rise in LST
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