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In the ﬁrst ever systematic study of trace fossils from the Badhaura Formation, the authors described
a nesting burrow, which they ascribed to a stomatopod. The purpose of this paper is two-fold: primarily, to document ichnofauna from (post-glacial marine late Palaeozoic rocks of peninsular India) the
Badhaura Formation (Sterlitmakian) representing marine rocks deposited following the Late Palaeozoic
glaciation and secondly to contribute to the data on post-glacial ichnofauna from constituent continents
of the Gondwanaland. Trace fossils described here are from the Harbans Bed, the topmost lithounit of
the Badhaura Formation. The ichnofauna includes Arenicolites tenuis, Beaconites isp., Curvolithus isp.,
Cylindrichnus concentricus, Didymaulichnus lyelli, Ophiomorpha isp., Palaeophycus tubularis, Planolites
beverleyensis, P. montanus, Rosselia chonoides, R. socialis, Skolithos linearis, Taenidium cameronensis,
Thalassinoides paradoxicus, Thalassinoides isp. and a ﬂask-shaped brood chamber assigned to a stomatopod crustacean. This mixed assemblage is assigned to distal Skolithos ichnofacies and is suggestive of
a period of relatively quiet, shallow water conditions of deposition. The ichnofauna, when viewed in context of peri-gondwanic ichnofaunas, mainly consisting of simple tracks and trails, from late Palaeozoic
post-glacial deposits of other Gondwanan continents, is interesting due to dominance of domichnia. Profusion of brood chambers along with Thalassinoides in the Badhaura Formation validates the concept
of pre-Mesozoic Thalassinoides being non-decapod in origin and suggestive of adaptive convergence.

1. Introduction
It was a strong belief earlier that the Palaeozoic
Era is represented in the Indian peninsula merely
by the freshwater Permo-carboniferous sediments
of the Gondwana Sequence. However, discovery
of the marine Permian rocks near Umaria (Sinor
1923) in Madhya Pradesh compelled to revise this
idea. Further discoveries of marine Permian sediments near Manendragarh (Ghosh 1954) in the
Surguja District of Madhya Pradesh, and later at
Rajhara (Dutta 1965) in the Jharkhand State furnished additional evidence of marine Permian rocks
in Indian peninsula.

Yet another discovery of marine Permian sediments near Badhaura in the Marwar region of the
Rajasthan State (Misra et al. 1961) was signiﬁcant as it gave an unequivocal evidence of the presence of marine Permian to the west of Aravalli
axis.
While notifying the discovery of Badhaura Formation, Misra et al. (1961) suggested a Permocarboniferous age for the Badhaura Formation on
the basis of tentative identiﬁcation of the brachiopod genera from the invertebrate fossils collected
by them. Nevertheless, after a detailed study,
Dickins and Shah (1979) came to the conclusion
that the invertebrate fauna is comparable to that
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Table 1. Lithostratigraphic sequence of the Badhaura Formation (after Shrivastava 1971, slightly modiﬁed).
Palaeocene

Madh Formation

-- - - - - - - - - - - - - - - - - - - - - -

unconformity - - - - - - - - - - - - - - - - - - - - Harbans bed
Brachiopod bed

Upper Sakmarian Badhaura Formation

Lingula bed
Bivalve bed*
Bouldery sandstone

-- - - - - - - - - - - - - - - - - - - - - - unconformity - - - - - - - - - - - - - - - - - - - - -

Lower Sakmarian

Badhaura Formation, from outcrops about 3 km
south of the village Bhimji ka Gaon (ﬁgure 1). At
this locality, the Harbans Bed is overlain by the
Madh Formation of Palaeocene age with an unconformity. Specimens described and ﬁgured herein
are placed in the fossil repository of the Geology and Palaeontology Group, Agharkar Research
Institute, Pune bearing the acronym MACS G
(Maharashtra Association for the Cultivation of
Science, Geology).
3. Systematic ichnology

Bap Formation

* Originally designated as Pelecypod bed.

from the marine Permian sequence of western Australia, especially the Callythara Formation and the
Wooramel Group, which are known to be coeval
with the B and C stages in the western Artinskian.
Therefore, they assigned a Sterlitmakian (Upper
Sakmarian) age for the Badhaura Formation, perhaps extending into Lower Artinskian. This communication aims to bring on record the ﬁrst ever
documentation of trace fossils from the marine Permian rocks of peninsular India in context with ichnological studies from other gondwanan continents.
It also discusses the role of Thalassinoides and
brood chamber fossils in understanding decapod
evolution.
2. Geological setting
The Bap and Badhaura formations occur in the
Nagaur–Bikaner basin of the Indus geosyncline in
the northwestern part of Rajasthan (Ranga Rao et
al. 1979). These Sakamarian–Sterlitmakian rocks
overlie the Proterozoic–Early Cambrian sediments
with a major unconformity. The term ‘Badhaura
Formation’ was instituted for fossiliferous sandstone exposed around Badhaura village (Misra et
al. 1961). Detailed studies of outcrop and subsurface bore well data by ONGC personnel (Ranga
Rao et al. 1979) conﬁrmed the separate stratigraphic identity of the Bap and Badhaura formations. The Badhaura Formation consists mainly
of sandstones that vary in colour from yellow to
greenish-grey and brownish sandstone. They are
thick bedded with very thin intercalations of purple
and ciana coloured nodular clays.
The lithological succession within the Badhaura Formation (after Ranga Rao et al. 1979;
Shrivastava 1971) is given in table 1. Ichnofossils were procured from the greenish-grey, buﬀ
and brownish sandstone in the top 10.0 m of
the Harbans Bed, the youngest lithounit of the

Ichnogenus Arenicolites Salter (1857)
Arenicolites tenuis Kulkarni, Borkar, Petare (2008)
(Plate 1A)
Material: Twenty burrows on three slabs. Plesiotype No.: MACS G 4369.
Description: The burrows comprise of vertical
U-tubes without spreite. Most of them appear
on bedding planes in cross-section as a pair of
closely spaced, circular traces. There are, however,
two burrows seen in full relief exhibiting complete
U-tubes without spreite. Both the limbs, slender
and almost parallel to each other, can be discerned
very clearly. Diameter of the tubes admeasures up
to 5 mm and is almost constant throughout (Plate
1A). Total width of the burrows varies from 11 to
15 mm.
The burrows are ﬁlled with sediment similar to
the surrounding rock.
Remarks: This ichnospecies was erected on the
basis of slender, parallel limbs with circular crosssection, with practically none or imperceptible
size variation (Kulkarni et al. 2008). The speciﬁc
identiﬁcation of the Badhaura specimens was
determined based on their comparison with the
holotype No. MACS G 5140, as well as paratype
Nos. MACS G 5141 and 5142 of A. tenuis (Repository of the Agharkar Research Institute, Pune;
Kulkarni et al. 2008), recorded from the Fort
Member (Jurassic) of the Jaisalmer Formation,
marine Mesozoic sequence of the Marwar region of
Rajasthan, India.
Occurrence: Yellow, coarse-grained calcareous
sandstone and ochreous yellow, clayey calcareous
sandstone.
Ichnogenus Beaconites Vyalov (1962)
Beaconites isp.
(Plate 1B)
Material: One slab. Repository registration No.:
MACS G 4370.
Description: Just a part of an endichnial burrow is preserved on the procured slab. It is seen
in positive epirelief as a horizontal, unbranched,
back-ﬁlled structure, showing prominent meniscate
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Figure 1. Geological map of the area around Badhaura. Asterisk denotes fossiliferous locality.

ridges. The menisci are ‘U’-shaped and show a perfectly nested pattern (Plate 1B). Each meniscus is
18 mm wide at its base. Width of the burrow is
25 mm, while the preserved length on the procured
slab is 23 cm. Contact with the host rock is sharp.
Remarks: D’Alessandro and Bromley (1987) and
Keighley and Pickerill (1994) have discussed the
taxonomic status of various meniscate burrows.
The sharp contact of the meniscus with the
host rock is indicative of the original presence
of a burrow lining that has been eroded away
(Rotnicka 2005). Thus, following Keighley and
Pickerill (1994) the apparent presence of a burrow lining (Baucon and Neto de Carvalho 2008) in
the Badhaura specimen deﬁnes its aﬃnities with
Beaconites. The unequal thickness of the backﬁll
in the present specimen bears semblance with B.
antarcticus (Bradshaw 1981) which is 1–3 cm in
diameter and is known from ﬁner lithologies. Poor
preservation of lining, however, hinders speciﬁc
identiﬁcation.

Occurrence: Buﬀ, medium grained sandstone.
Ichnogenus Curvolithus Fritsch (1908)
Curvolithus isp.
(Plate 1C)
Material: Two slabs. Repository registration No.
of the ﬁgured specimen: MACS G 4371.
Description: Horizontal, trilobate trails, measuring up to 11 mm in width, occur as positive epirelief (Plate 1C). The lateral ridges measure between
3 and 4 mm each in width, while the median lobe
between 2 and 4 mm. Two lateral broad furrows,
separated by a broad median ridge, represent the
trail in negative epirelief. The trails exhibit a feebly
tortuous course.
Remarks: The Badhaura specimens, especially
those occurring in negative epirelief, very closely
resemble Curvolithus ‘type 1’ of Heinberg (1970)
from the Middle Jurassic sandstones of East Greenland in having lateral furrows and a median ridge.
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Plate 1. (A) Arenicolites tenuis. Plesiotype No.: MACS G 4369. Note parallel limbs of the U-tube. (B) Beaconites isp.
Repository Registration No.: MACS G 4370. Nested pattern of U-shaped menisci can be clearly seen. (C) Curvolithus isp.
showing trilobate nature. Repository Registration No.: MACS G 4371. (D) Cylindrichnus concentricus. Plesiotype No.:
MACS G 4372. Downward tapering trend and concentric layering of wall prominently discernible. (E) Didymaulichnus
lyelli. Plesiotype No.: MACS G 4373B. Note smooth and equal lateral lobes characteristic of the trail. Also MACS G
4373A. Rosselia socialis in hyporelief, marked by arrow. (F) Ophiomorpha isp. Repository Registration No.: MACS G 4375.
Inner portion of a part of burrow showing pitted appearance. (G) Ophiomorpha isp. Repository Registration No.: MACS
G 5152. Bedding plane view exhibiting distinctly crenulated margin bordering the burrow ﬁll. (H) Palaeophycus tubularis.
Plesiotype No.: MACS G 4377. Burrows in full relief; thin burrow lining accentuated due to Fe staining prominently seen
in left portion of photograph. (I) Planolites beverleyensis. Plesiotype No.: MACS G 4379. Note diﬀerence in colour of host
rock and burrow ﬁll. Cross-overs and interpenetrations also seen. (J) Planolites montanus. Plesiotype No.: MACS G 4378.
Shows typical tortuosity. (K) Rosselia chonoides, showing large, conical bulbous burrow. Plesiotype Nos.: MACS G 4380.
(L) Rosselia socialis. Plesiotype Nos.: MACS G 4382. Regular cross section of conical burrow in bedding plane view. Bar
scale: 10 mm.

Ichnofauna from the Harbans Bed of the Badhaura Formation
They also bear a very strong resemblance to the
Curvolithus reported by Fedonkin (1977) from the
Lower Cambrian sequence of northeast Poland
with respect to the ﬂat lobes. However, quality
of preservation of the specimens is rather unsatisfactory and hinders accuracy of their speciﬁc
identiﬁcation.
Occurrence: Greyish, cross-bedded, medium
grained sandstone.
Cylindrichnus Howard (1966)
Cylindrichnus concentricus Howard (1966)
(Plate 1D)
Material: Two slabs. Plesiotype No.: MACS G
4372.
Description: The burrows are isolated, vertical to steeply inclined, subconical with centrally
placed core and concentrically layered wall. Eccentric cores in some burrows reﬂect lateral displacement of the burrows (Plate 1D). The core is
tubular and tapers a little downwards. The burrows
are preserved in full relief. Diameter of the burrows ranges between 10 and 15 mm, while the central tube measures between 6 to 8 mm. Maximum
preserved length is 14 cm.
Remarks: Frey and Howard (1985) have observed
that Cylindrichnus is known to grade downward to
simple-walled basal structure resembling Skolithos.
In addition, Rosselia grades downward to a small
basal stem identical with Cylindrichnus. Albeit,
the ichnogeneric status of Cylindrichnus should
be maintained since isolated specimens with the
distinct characteristics occur very widely (Frey
and Howard 1985). Fillion and Pickerill (1990)
have also suggested that though Asterosoma,
Cylindrichnus and Rosselia are end members of
an intergradational burrow system, ichnogeneric
assignment of specimens to individual ichnogenus
is possible. As the present specimens do not
exhibit any intergradations, they are assigned to
Cylindrichnus.
According to Frey and Howard (1985), subconical tapering of the burrow, concentrically layered wall, and centred tubular core are the characteristic features of Cylindrichnus concentricus
Howard. Presence of these distinctive features in
the Badhaura specimens conﬁrms their identiﬁcation under Cylindrichnus.
Occurrence: Brown, parallel-bedded, medium
grained sandstone.
Ichnogenus Didymaulichnus Young (1972)
Didymaulichnus lyelli Rouault (1850)
(Plate 1E)
Material: One slab. Plesiotype No.: MACS G
4373A.
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Description: Straight,
simple,
unbranched,
smooth, bilobed trail preserved as convex hyporelief on the lower bedding plane of brownish,
medium grained sandstone. A narrow, shallow
median furrow separates the smooth lateral lobes
of equal size (Plate 1E). Total width of the trail
is 8 mm, while that of each lateral lobe is 3 mm.
The median furrow is 2 mm wide.
Remarks: This ichnogenus shows opposite relief
in epichnial and hypichnial forms as compared to
Gyrochorte, while absence of scratch marks distinguishes it from Cruziana (Pazos 2002; Pazos et al.
2007). Lack of closely spaced imprints perpendicular to the trace axis constituting a trackway differentiates it from Diplopodichnus (Buatois et al.
1998). Distinctly smooth and equal lateral lobes
and shallow median grooves in the Badhaura specimens help in assigning them to Didymaulichnus
lyelli. These characteristics, especially absence of
lateral bevels and no, or relatively minor, longitudinal undulations (Jensen and Mens 2001) also
distinguish D. lyelli from all other species of the
ichnogenus (Fillion and Pickerill 1990).
Occurrence: Brownish, medium-grained sandstone.
Ichnogenus Ophiomorpha Lundgren (1891)
Ophiomorpha isp.
(Plate 1F, G)
Material: Three slabs. Repository Registration
Nos: MACS G 4375, 4376, 5152.
Description: Vertical
to
highly
inclined,
unbranched segments of burrows. The specimens
in our collection are broken pieces of originally
bigger burrow systems, whose cross section is
rounded. The burrow lining typically consists of
sediment pellets. The specimen No. 4375 occurs in
negative semi-relief, and its lining shows horizontal
ridges with a pitted appearance (Plate 1E), while
the specimen No. 5152 occurs in full relief and its
transverse section exhibits a distinctly crenulated
periphery bordering the burrow ﬁll (Plate 1G).
Remarks: The characteristic pitted or warty
appearance of the burrow-wall helps in assigning
these specimens to the ichnogenus Ophiomorpha.
As the specimens are fragmentary, the burrow system and other diagnostic features such as shape
and alignment of pellets are not available for their
speciﬁc determination.
Though recorded from the Oligocene ﬂuvial
rocks of Egypt (Bown 1982) and Eocene braided
deposits of California (Merrill 1984), Ophiomorpha is generally considered an indicator of marine
environments. Ophiomorpha occur abundantly
in Jurassic and younger sediments. It is also known
from the siliciclastic rocks of Middle Pennsylvanian
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of northern Utah and Colorado (Driese and Dott
1984), L. Permian of Utah (Chamberlain and Baer
1973), and Lower Permian of Brazil (Netto et al.
2007).
Occurrence: Brown, medium-grained sandstone.

Occurrence: Grey to ochreous, parallel laminated medium grained sandstone.

Ichnogenus Palaeophycus Hall (1847)
Palaeophycus tubularis Hall (1847)
(Plate 1H)

Material: Six slabs. Plesiotype No.: MACS G
4378.
Description: Slender, short, cylindrical contorted, straight to meandrous unlined burrows
preserved in endorelief, positive epirelief and positive hyporelief. Burrow diameter 2–5 mm, occasionally up to 8 mm. Where burrows are crowded,
they tend to be tortuous and exhibit interpenetrations (Plate 1J). Burrow ﬁll is structureless, better
sorted and slightly diﬀers in colour from the host
rock, being of a lighter tone. Endichnial forms seen
in cross section show a circular ferruginous lining
that demarcates the burrow outline.
Remarks: The tortuous nature as well as slender and short nature are the diagnostic characters of this form (Pemberton and Frey 1982) and
help identify the present burrows with P. montanus. The occasional large forms occurring in the
Badhaura sediments are better diagnosed as P.
montanus because of their tortuous, meandering
nature. The variation in diameter, typical of P.
montanus (Pemberton and Frey 1982), is probably a result of diﬀerential compaction or animal
behaviour.
The Harbans Bed abounds in P. montanus, and
is more abundant than P. beverleyensis.
Occurrence: Grey to brown, parallel laminated,
medium grained sandstone.

Material: Four slabs. Plesiotype No.: MACS G
4377.
Description: Straight to curved, smooth, horizontal, unbranched, cylindrical burrows with thin
but distinct lining. Appearance of the lining is
further accentuated by secondary iron staining.
Burrows occur as endichnia, concave epichnia or
convex epichnia. The negative epirelief is represented by a deep, sharp U-shaped furrow. One of
the burrows in the plesiotype slab shows collapsed
structure where ﬂattening of the burrow and a shallow median longitudinal furrow are evident (Plate
1H). The burrows occur towards the upper bedding
plane of parallel, ﬁnely laminated, sandstone with
a slightly higher percentage of mica as compared
to the entire sequence.
Remarks: The ichnospeciﬁc identiﬁcation is
based on the thin wall lining, which according to
Pemberton and Frey (1982) as well as by Fillion
and Pickerill (1990) is the feature distinguishing P.
tubularis from the other species of Palaeophycus.
Occurrence: Brownish, parallel laminated sandstone.
Ichnogenus Planolites Nicholson (1873)
Planolites beverleyensis Billings (1862)
(Plate 1I)
Material: Two slabs. Plesiotype No.: MACS G
4379.
Description: Straight, smooth, cylindrical burrows, 5–8 mm in diameter and 35–65 mm in length.
The burrows are disposed parallel to the bedding plane (Plate 1H). Occasionally they display
annulations, while branching is seen in a few burrows. Crossovers and interpenetrations seen even in
sparsely distributed burrows. Cross sections circular to ellipsoidal. Preserved as endichnia, epichnial
ridges and full relief in parallel laminated, medium
grained, calcareous sandstone.
Remarks: The burrows described here agree in all
essential aspects like size and gently curved nature
with P. beverleyensis (Billings) (Pemberton and
Frey 1982) and hence identiﬁed as such. Annulations noticed in a few specimens are very inconspicuous and sparse. Therefore, they do not amount
to a salient morphological feature and, thereby, do
not warrant their assignment to P. annularis.

Planolites montanus Richter (1937)
(Plate 1J)

Ichnogenus Rosselia Dahmer (1937)
Rosselia chonoides Howard and Frey (1984)
(Plates 1K, 2B)
Material: Three slabs. Plesiotype Nos.: MACS G
4380, 4381.
Description: Large, vertical to oblique, unevenly
conical, bulbous burrows. The central shaft is slender measuring up to 6 mm in diameter (Plate
1K). It is surrounded by imbricate layers of sediment, forming an irregular cone. The diameter of
burrows measures between 25 and 42 mm, while
the height varies from 40 to 50 mm (Plate 2B).
The bulbs are preserved in full relief in calcareous,
ﬁne grained, poorly compacted sandstones. Tubes,
5–8 mm in diameter, are cylindrical and placed
eccentrically. Though vertically imbricate, disturbed layers of sandstone are seen in one specimen. Burrow ﬁll is muddy in nature.
Remarks: All the diagnostic features such as
large size, bulbous nature and irregularly conical
shape (Fillion and Pickerill 1990) help in identifying the present specimens as Rosselia chonoides
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Plate 2. (A) Rosselia socialis. Plesiotype No.: MACS G 4373 A. Imbricate layering of sediment enclosing the central tube
seen in bedding plane view. (B) Rosselia chonoides. Plesiotype No.: MACS G 4381. Irregular bulbous structure along with
central tube in vertical section. (C) Skolithos linearis. Plesiotype No.: MACS G 4374. Cross section of vertical burrows in
bedding plane view. (D) Skolithos linearis. Plesiotype No.: MACS G 4383. Slender, straight nature of diagnostic of S. linearis
in vertical section. (E) Skolithos linearis. Plesiotype No.: MACS G 4374. Crowding of burrows seen in bedding plane view.
(F) Taenidium cameronensis. Plesiotype No.: MACS G 4384. Note deeply concave menisci giving nested appearance to the
backﬁll. (G) Thalassinoides isp. exhibiting scratch marks on external surface of burrow. Portion of the specimen bearing
Repository Registration No.: MACS G 4386. (H) Thalassinoides paradoxicus showing ‘Y’-shaped branching. Plesiotype
No.: MACS G 4385. (I) Thalassinoides isp. Repository Registration No. MACS G 4386. Note light coloured faecal pellets
indicated by arrows. (J) Close-up of pellets in (I). (K) Flask-shaped brood structure displaying two petaloid pads (shown
by arrows) within the bulb cavity. Repository Registration No. MACS G 4355. Bar scale: 10 mm.
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Howard and Frey. R. chonoides described by
Fillion and Pickerill (1990) shows vertical ﬂattening of the tubes. In contrast, the present specimens
show circular cross sections revealing no signs of
compression.
Occurrence: Medium grained moderately compacted, calcareous sandstone.
Rosselia socialis Dahmer (1937)
(Plates 1E, L, 2A)
Material: Two slabs. Plesiotype Nos.: MACS G
4373 B, 4382.
Description: Large, nearly vertical, regularly
conical, funnel-shaped burrows; preserved in full
relief within parallel laminated, ﬁne grained, calcareous sandstone. Burrow diameter is 40–45 mm
with concentrically layered burrow ﬁll of ferruginous mudstone (Plate 2A). The vertical tube is
centrally placed. It is cylindrical, smooth walled,
of even diameter (Plate 1E) and ﬁlled with mildly
calcareous, yellow-coloured mudstone. The central
tube is 10–15 mm in diameter and has a limonitised
lining making it conspicuous (Plate 1L).
Remarks: Concentric layers of matrix surrounding a vertical cylindrical shaft, typically located
centrally, enable in identifying these specimens as
R. socialis Dahmer.
Annulations in the central tube observed by
Fillion and Pickerill (1990) are not seen here. R.
socialis diﬀers from R. rotatus McCarthy (1979)
and R. chonoides Howard and Frey (1984) in having concentric laminae and lacking crescent shaped
backﬁll structures formed by rotary movements of
the tube within the funnel.
Occurrence: Brownish,
parallel
laminated,
medium grained, calcareous sandstone.
Ichnogenus Skolithos Haldemann (1840)
Skolithos linearis Haldemann (1840)
(Plate 2C, D, E)
Material: 10 slabs. Plesiotype Nos.: MACS G
4374, 4383.
Description: Perfectly straight, unbranched
cylindrical burrows with thin but distinct wall.
Commonly 3–5 mm (Plate 2C, D) in diameter
but may range up to 11 mm (Plate 2E), and
35–120 mm in length. Cross-section is nearly circular. Most of the burrows are perpendicular to
the bedding plane, while a few are inclined. Some
follow a slightly tortuous course. The burrow ﬁll
is structureless and there is no trace of any lining. Frequency of occurrence is moderate unlike
crowding in ‘pipe rock’. Crowding of burrows is
only occasionally seen. Some burrows show a central plug/tube measuring between 5 and 10 mm
in diameter. Well preserved in endorelief within

parallel laminated, current-bedded, medium to
ﬁne grained, calcareous sandstone.
Remarks: The straight vertical disposition and
the size range agree well with the diagnostic features of S. linearis. Hence, the present specimens
are identiﬁed as such.
Regarding the long debate over synonymy
between Monocraterion and Skolithos, the opinion
of Bertling et al. (2006) that trace fossils should be
assigned to ichnogenera strictly based on characters available for observation, is signiﬁcant. Fillion
and Pickerill (1990) also had suggested that eroded
Monocraterion should be diagnosed as Skolithos.
Therefore, only those specimens in whom stacked
funnels and downward deﬂection of sedimentary
laminae are seen distinctly should to be identiﬁed as Monocraterion. Hence, despite the diameter ranging up to 11 mm in present specimens,
they are identiﬁed as Skolithos, and not under
Monocraterion.
Occurrence: Brownish,
parallel
laminated
medium grained sandstone.
Ichnogenus Taenidium Heer (1877)
Taenidium cameronensis Brady (1947)
(Plate 2F)
Material: One slab. Plesiotype No.: MACS G
4384.
Description: Unlined, horizontal, distinctly
backﬁlled burrow. The burrow is 7 mm in diameter and exhibits deeply concave menisci (Plate
2F), giving a nested appearance.
Remarks: Despite only a portion of the burrow being preserved on the slab in our collection,
deeply concave menisci are typical enough to
facilitate its identiﬁcation under T. cameronensis following the diagnostic features described by
D’Alessandro and Bromley (1987). By virtue of
possessing longer packets of sediment between successive menisci in the backﬁll along with the nested
appearance, the present material distinctly diﬀers
from T. serpentinum. T. satanassi has evenly alternating meniscus packets of two types of sediments.
The curvature of the meniscus is also relatively
wide as compared to both T. cameronensis and T.
serpentinum (Keighley and Pickerill 1994).
Occurrence: Grey, medium grained, calcareous
sandstone.
Ichnogenus Thalassinoides Ehrenberg (1944)
Thalassinoides paradoxicus Woodward (1830)
(Plate 2H)
Material: Two slabs. Plesiotype No.: MACS G
4385.
Description: Smooth, unornamented, ‘Y’ branched horizontal burrows connected with similar
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vertical shafts at a few places. Burrows are 20–
25 mm wide and display a uniform smooth lining
about 1.5–2 mm thick. Burrow ﬁll diﬀers slightly
from the host rock in being more ﬁne grained and
clayey. No prominent swellings seen at junctions of
bifurcations (Plate 2H). The vertical shafts extend
downward for about 50–60 mm.
Remarks: The irregular branching helps assign
the specimens under consideration to T. paradoxicus (Howard and Frey 1984; Frey and Howard
1985). T. suevicus (Rieth) diﬀers from T. paradoxicus by its predominantly horizontal, regularly
branched burrow system (Frey and Howard 1985).
Occurrence: Buﬀ, medium grained calcareous
sandstone.

medium grained, and grossly structureless calcareous sandstone.
Remarks: As the procured burrow components
are fragments, their branching pattern and network system are not available for study, thus
hindering identiﬁcation at the ichnospeciﬁc level.
Faecal pellets present are assignable to the ichnogenus either Favreina or Palaxius. It has already
been stated that the callianassids, to which Thalassinoides is generally ascribed, had not evolved
before Cretaceous. In such an event, presence of
Favreina or Palaxius provides positive evidence
of these burrows being crustacean in origin.
Occurrence: Buﬀ, medium grained calcareous
sandstone.

Thalassinoides isp.
(Plate 2G, I)

Brood chamber Kulkarni and Borkar (1999)
(Plate 2K)

Material: Three slabs. Repository Registration
No.: MACS G 4386.
Description: Thick walled, horizontal burrows
preserved as broken pieces. The burrow is 2.5 to
3 cm in diameter and has a 0.3 to 0.4 cm thick wall.
The outer surface shows ‘scratch marks’ (Plate
2G). At places, the burrow shows enlargement in
diameter. The burrow ﬁll is slightly darker than
the host rock and exhibits patchy discolouration.
Embedded in the burrow ﬁll are rod-shaped, cream
coloured pellets (Plate 2I, J). They show no speciﬁc orientation, but occur only in certain portions
of the burrow. The host rock is a buﬀ coloured,

Material: Repository Registration No. MACS G
4355.
Description: Vertical unbranched, ﬂask-shaped
burrow consisting of a long shaft with a pearshaped bulb-like structure at its base. Two petaloid
pad-like structures are seen inside the bulb cavity.
Scratch marks seen towards the upper part of the
neck.
Remarks: Details of taxonomic comparison and
discussion on palaeobiological implications available in Kulkarni and Borkar (1999).
Occurrence: Buﬀ, parallel bedded, calcareous
sandstone.

Table 2. Ethological classiﬁcation and frequency of the ichnotaxa occurring in the
Harbans Beds, Badhuara Formation.
Sl. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Ichnotaxa

D

Arenicolites tenuis
Beaconites isp.
Curvolithus isp.
Cylindrichnus concentricus
Didymaulichnus lyelli
Ophiomorpha isp.
Palaeophycus tubularis
Planolites beverleyensis
Planolites montanus
Rosselia chonoides
Rosselia socialis
Skolithos linearis
Taenidium cameronensis
Thalassinoides paradoxicus
Thalassinoides isp.
Brood chamber*

R

F

R

VR
R
R
C
C
C
C
A
A
A
C
R
C
C
C

D: domichnia; F: fodinichnia; R: repichnia; A: abundant; C: common; R: rare; VR:
very rare. *Reported earlier (Kulkarni and Borkar 1999).
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4. Discussion
4.1 Ichnofaunal analysis

The ichnofauna includes 15 ichnogenera along with
a brood chamber. The fauna dominated by domichnia (50%) includes Arenicolites tenuis, Cylindrichnus concentricus, Ophiomorpha isp., Palaeophycus tubularis, Rosselia chonoides, Rosselia
socialis, Skolithos linearis, Thalassinoides paradoxicus, Thalassinoides isp. and the brood chamber. Fodinichnia are represented by Beaconites
isp., Planolites beverleyensis, Planolites montanus and Taenidium cameronensis and constitute 37.5% of the ichnofauna. Curvolithus isp.
and Didymaulichnus lyelli are the only repichnia which are also comparatively less in number (table 2). The Bioturbation Index (BI) (sensu
Taylor and Goldring 1993) of exposures in the
vicinity of Bhimji ka Gaon falls between three and
four, meaning that the conditions were favourable
for the endobenthos to colonise the substrate.
This ichnofauna is a mixture of the archetypical Skolithos and Cruziana ichnofacies of Seilacher
which is not uncommon in the rock record
(Ekdale et al. 1984; Bromley 1996). MacEachern
and Bann (2008) while elucidating the role of ichnology in reﬁning shallow marine facies have presented an in depth analysis of ichnofaunas of mixed
nature. They have suggested use of terms like
distal, proximal as preﬁxes to the dominant ichnofacies type. The Badhaura ichnofauna which also
represents a mixed type can thus be assigned to
distal Skolithos ichnofacies. Skolithos ichnofacies
is characteristic of high energy environments and
shifting substrates; such conditions make chances
of colonization and preservation of traces grim. The
ichnofauna, therefore, points to brief periods of
comparative calm and congenial shallow water
environment for the benthic fauna to rework the
sediments as has been also discussed by Pollard
et al. (1993) and Bromley (1996, p. 285). The
occurrence of brood structures (Kulkarni and
Borkar 1999) in this assemblage further validates
the above interpretation. It is also conjectured that
the presence of numerous brood chambers in the
horizon under consideration represents a breeding
season of the stomatopod crustaceans.
Peri-Gondwanic ichnofaunas from post-glacial
deposits of other Gondwanan continents are
known by the dominance of simple grazing trails
and arthropod trackways (Buatois et al. 2006).
These represent a myriad variety of environments
from freshwater to brackish to marginal marine
(Buatois et al. 2010 and references therein).

However, the Badhaura ichnofauna diﬀers from the
rest in being characterised by dominance of
dwelling and feeding burrows of shallow marine
environment.
4.2 Palaeobiological implications
Thalassinoides is an infaunal dwelling burrow created by callianassid shrimps, found very frequently
in Jurassic to Recent sediments, However, Myrow
(1995) as well as Sheehan and Schiefelbein (1984)
documented abundant reworking of upper Ordovician sediments by certain organisms emplacing
Thalassinoides. Since the callianassid shrimp had
not evolved until the Cretaceous, Carney (1981)
suggested that certain shrimp-like Eocarida crustaceans were the probable creators of Palaeozoic
Thalassinoides; while Myrow (1995) and Netto et
al. (2007) assigned Palaeozoic Thalassinoides to
the work of some stomatopods. Discussing the evolutionary radiation and behavioural convergence of
burrowing decapods Carmona et al. (2004 and references therein) have opined that Late Palaeozoic
Thalassinoides and similar traces may have been
produced by other malacostracans, such as stomatopods, reﬂecting adaptative convergence. Abundance of ﬂask shaped brood chambers occurring
in a 25-cm thick bed in the Badhaura Formation near Bhimji ka Gaon assigned to stomatopods
(Kulkarni and Borkar 1999) corroborates the opinion of Myrow (1995) and Carmona et al. (2004).
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