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ABSTRACT

In the Kunzum La section of Spiti, there is a vertical increase in the abundance and diversity of trace fossils, i.e. from the TF1
horizon to the TF2 horizon. The TF1 horizon assemblage contains Neonereites uniserialis, Phycodes palmatum, Treptichnus pedum and
Planolites sp. whereas the upper TF2 horizon assemblage represents a diversified range of trace fossils, i.e. Cruziana pormensis,
Monomorphichnus lineatus, Rusophycus sp., Protichnites sp., Diplichnites sp.(arthropod traces), Skolithos linearis, Laevicyclus sp., Chondrites
sp.. Cochlichnus sp., Didymaulichnus sp. and Bergaueria aff. B. perata. The age of these ichnofossils may extend into rocks older than
those described here, but the absence of arthropod traces in TF1 assemblage suggests a relatively rapid increase in diversity. The ichnofaunal

evolution, as reflected from TF1 to TF2 horizons, make them an ideal group for understanding the behavioural evolution of primitive

metazoans in the pre-trilobite Cambrian strata.
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INTRODUCTION

The Kunzum La section of the Spiti Basin is
one of the fascinating areas where Precambrian -
Cambrian rocks are well exposed in the Tethyan
Higher Himalayan belt. The Kunzum La section lies
within the longitude range 77° 35’ to 77° 40’ and
latitude range 32° 20’ to 32° 27’ and is included
in the Survey of India topographic Sheet No. 52
H/11 (fig. 1 A, B).

The Spiti valley as a whole records a thick
sequence of Precambrian-Cambrian sediments
constituting the Batal and the Kunzum La
formations which, according to Srikantia (1981),
rest unconformably over the Rohtang Gneissic
Complex and are unconformably overlain by the
Thango Formation of ?Ordovician age (Kumar,
1984). The Batal Formation is characterised by
grey to dark grey argillite and greenish grey
quartzite, whereas the Kunzum La Formation which
is divisible into a basal Debsa Khad Member made
up dominantly of grey to greenish grey, thinly
bedded quartzite, sandstone with subordinate grey
shale, and an upper Parahio Member (Parahio
Series, Hayden 1904) consisting of an alternation
of greenish micaceous sandstone and shale with
subordinate lenticular bands of limestone (Bhargava

et al., 1982; Kumar et al., 1984).

In Spiti, the Cambrian trilobites and
brachiopods are known from the Parahio and Pin
valley sections (Hayden, 1904; Reed, 1910; Sahni
and Sudan, 1996; Jell and Hughes, 1997). From
the Parahio section, Bhargava er al. (1982) have
reported some trace fossils, such as Diplichnites
sp., Dimorphichnus sp., Monomorphichnus sp.
(trilobite scratch marks), Scolicia sp., Gyrochorte
sp., Planolites sp., Gordia sp. and Skolithos sp.,
from the upper part of the Debsa Khad Member.

The upper part of the Batal Formation in the
Parahio secton and the basal part of the Debsa
Khad Member of the Kunzum La Formation in the
Kunzum La section respectively yielded
Anguloplanina and Pulvinomorpha along with
Chitinozoa - Sphaerochitinozoa (Kumar, 1984).
These acritarchs are well known from the Vendian
rocks of South-East Siberia, U.S.S.R.
(Rudavskaya,1973).

As the earlier record of ichnofossils from the
Kunzum La section is meagre (Isopodichnus sp.,
Monomorphichnus sp. and Rusophycus didymus)
Bhargava and Srikantia, 1985), the present
ichnological studies are of considerable significance
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for tracing out the biogenic record in the pre-trilobite
Cambrian strata.

REPOSITORY

The trace fossil specimens described in this
paper have been deposited in the Palacontology
Museum of the P. G. Department of Geology,
University of Jammu, Jammu. The specimen
numbers for each taxon are indicated in the
explanation of P11.

SYSTEMATIC ICHNOLOGY
Ichnogenus Bergaueria Prantl, 1945
Bergaueria aff. perata Prantl, 1945
(PL. L)

Unornamented, hemispherical trace, preserved
as positive features on the sole of grey sandstone.
Diameter of trace ranges from 4mm to 7mm. A
central depression is well seen in some of the
specimens. Bergaueria is generally considered to
be a dwelling or resting burrow of actinarians
(Pemberton ez al., 1988). Jensen (1997) suggested
that the mere absence of central depression in
Bergaueria hemispherica is not sufficient to
separate Bergaueria perata from Bergaueria
hemispherica as this small variation could be due
to preservational variations.

Ichnogenus Chondrites von Sternberg, 1833
Chondrites sp.
(PLLa)

Structures of feeding-grazing origin,
characterised by a densely interwoven network of
branches, preserved on the bedding surface. Trace
consists of asymmetrical tracks of biogenic origin
dominantly in dendritic pattern. The tracks are of
varying width, ranging from 1mm to 3mm, each
branch of approximately constant width, but
sometimes narrowing towards the ends.

Ichnogenus Cochlichnus Hitchcock, 1858

Cochlichnus sp.
(RDATN 18y

Horizontal sinuous trails, preserved on the
bedding surface. The maximum length and width of
the trail is 110 mm and 4 mm respectively whereas
wave length and amplitude of the curve is 30 mm
and 6 mm respectively. The trace represents the
cast which results from the activity of worm-like
deposit feeders. Webby (1970) has reported
Cochlichnus serpens from the Precambrian of
New South Wales, Australia. Goldring and Jensen,
(1996) have described Cochlichnus sp. from the
Zovkhan Basin Mongolia. Cochlichnus have been
recorded from wide range of environments and
stratigraphical horizons (Seilacher, 1955b,1963).
Annelids, especially nematodes, have been
suggested to be the producers of such traces
(Moussa, 1970).

Ichnogenus Cruziana d’Orbigny, 1842

Cruziana pormensis Crimes, Legg, Marcos and
Arboleya, 1977
(WPlalismy)

Elongate band-like plough pattern ridges in
which internal lobes have fine v-markings and the
external lobes are represented by a series of ridges
running parallel to the length of the trace and
continuing up the side wall to the edge. The
maximum length and width of the trace is 130 mm
and 23 mm respectively. Such traces are thought
to be produced by the furrowing of the trilobite
through the sediment. The V-markings, as is seen
in the present specimens, are dug by the
endopodites with movement inwards and
backwards (Seilacher, 1955a; Crimes, 1970b).

Ichnogenus Didymaulichnus Young,1972
Didymaulichnus sp.
(PLLn)

Bilobate elongate trace bisected by a shallow
central furrow, preserved as convex hyporelief on
the sole of grey sandstone. The maximum length and
width of the trace is 115 mm and 10 mm
respectively. The present specimen differs from
Cruziana in the absence of V-shaped markings on
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the surface of the lobes. Trace makers of
Didymaulichnus may be the molluscs (Glaessner,

1969), trilobites (Crimes, 1970a) and gastropods
(Hakes, 1977).

Ichnogenus Diplichnites Dawson, 1873
Diplichnites sp.
(PLLc)

Diplichnites have been interpreted as the
result of arthropods walking /striding across the
sediment surface (Radwanski and Roniewicz,
1963). The trace consists of parallel series of fine
ridges of varied types depending upon the nature
of the activity of the organism. The maximum length
and thickness of the ridges is 12 mm and 4 mm
respectively and the maximum gap between the two
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ridges is 4 mm.
Ichnogenus Laevicyclus Quenstedt, 1879
Laevicyclus sp.
(PEITT)

The vertical burrows occur as cylindrical
bodies across the bedding plane with a central
perforation representing the vertical canal. On the
bedding plane, the trace is slightly oval in shape
and its diameter ranges from 2 mm to 5 mm. The
present trace can be regarded as feeding and
dwelling cavity constructed by worms across the
soft stratum. Laevicyclus have been reported from
the Garbyang Formation (Banerjee et al., 1975)
and from the Lower Cambrian of Salt Range,
Pakistan (Seilacher, 1955b).
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Fig. 1. A. Geological map showing different lithological units in the Batal-Kunzum La Section of Spiti ( Modified after Bhargava and
Srikantia, 1985) 1. Rohtang Gneisses, 2. Batal Formation, 3-4. Kunzum La Formation, 3. Debsakhad Member, 4. Parahio Member, 5.
Thango Formation, 6. Muth Formation, 7. Lipak Formation. B. Lithocolumn showing the stratigraphic position of trace-fossil horizons

in the Kunzum La Section. 1. Shale-siltstone-quartzite, 2. Cross-bedded sandstone with subordinate shale, 3. Micaceous sandstone-siltstone
with limestone lenses, 4. Conglomerate with cross-rippled sandstone.
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Ichnogenus Monomorphichnus Crimes, 1970

Monomorphichnus lineatus Crimes, Legg,
Marcos & Arboleya, 1977

(PL1e)

Sets of slightly sigmoidal to gently curved,
nearly parallel asymmetrical ridges preserved on the
bedding surface. The maximum length and width of
the individual ridge is 8 mm and 1 mm respectively.
The maximum number of ridges in a set is seven
and the maximum width of a ridge set is 9mm.
Individual ridge set repeats laterally without any
intervening markings. Monomorphichnus lineatus
could be produced by the swimming or grazing
activity of arthropods; during the current they raked
the sediment surface at intervals with endopodite
claws (Crimes, 1970b).

Ichnogenus Neonereites Seilacher, 1960
Neonereites uniserialis Seilacher, 1960
(PLI 0)

The trace is preserved as a chain of sand-
infilled ellipsoidal beads or lobes. Mostly, the beads
or lobes are arranged parallel to the direction of the
trail. Beads / lobes are mostly juxtaposed, however,
their length and width is up to 8mm and 5Smm
respectively. The length of the trace is up to 90mm
and the trace exhibits a gentle curvature.

Neonereites uniserialis has been reported from
Lias of Germany (H#ntzschel and Reineck, 1968);
from the Upper Precambrian (Vendian) Valdai
Series of the Onega Peninsula, U.S.S.R.
(Fedonkin,1976) and from Lower Cambrian of the
Nama Group, Southwest Africa - Namibia (Crimes
and Germs,1982).

Ichnogenus Phycodes Richter, 1850
Phycodes palmatum (Hall, 1852)

(PLLg)

Sand-infilled, straight to slightly curved
burrows exhibiting branch-like appearance but
branches do not intersect each other. The branches,
though slightly diverging, are aligned in the same
direction. The maximum length and width of the
individual curved burrow is up to 112 mm and 9
mm respectively. The present specimen closely
resembles Phycodes palmatum in the pattern of
burrows but differs from the one recorded by
Seilacher (1955b) from Salt Range, Pakistan as it
lacks the tight-bundled character.

Ichnogenus Planolites Nicholson, 1873
Planolites sp.
(PLL k)

Gently curved, unornamented horizontal
burrow having a maximum length and width of 35

EXPLANATION OF PLATE I

a. Chondrites sp. - Preserved in convex hyporelief on the bed-
ding surface - JUF 221.

b.  Rusophycus sp.- Preserved in convex hyporelief on the bed-
ding surface - JUF 217.

c.  Diplichnites sp.- Preserved in convex hyporelief on the bed-
ding surface - JUF 226.

d.  Protichnites sp.- Preserved in convex hyporelief on the bed-
ding surface - JUF 227.

e.  Monomorphichnus lineatus -Preserved in convex hyporelief
on the bedding surface- JUF 225.

f.  Skolithos linearis - Preserved in convex hyporelief on the

bedding plane, in the vertical section inclined burrow tubes

visible - JUF 216.

Phycodes palmatum - Preserved in convex hyporelief on the

bedding surface - JUF 214.

h. Treptichnus pedum - Preserved in convex hyporelief on

4Q

"

the bedding surface - JUF 215.

i.  Bergaueria aff. perata - Preserved in convex hyporelief on
sandstone sole -JUF 224.

j-  Laevicyclus sp. - Preserved in convex hyporelief on the bed-

ding surface - JUF 220.

k. Planolites sp. - Preserved in convex hyporelief on the bed-
ding surface - JUF 218.

1. Cochlichnus sp. - Preserved in concave hyporelief on the
bedding surface - JUF 219.

m. Cruziana pormensis - Preserved in convex hyporelief on the
bedding surface - JUF 213.

n. Diz)ymauliclmus sp. - Preserved in convex hyporelief on sand-
stone sole - JUF 222.

0. Neonereites uniserialis-Preserved in convex hyporelief on the
bedding surface-JUF 223.
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mm and 4 mm respectively. Planolites has been
attributed to the active backfilling of an interim
burrow formed by a mobile deposit feeding
organism (Pemberton and Frey, 1982).

Ichnogenus Protichnites Owen, 1852

Protichnites sp.
QRIS I, d)

Two rows of bifid imprints and a commonly
narrow intermittent drag trail in the middle, tracks
irregularly and closely set. The maximum length of
the trail is 48 mm. Protichnites can be considered
to be of arthropod origin, possibly produced during
its crawling on the surface of the sediment.

Ichnogenus Rusophycus Hall, 1852
Rusophycus sp.
(PRI

The specimens preserved on the bedding
surface resemble two coffee beans but the beans
are generally parallel and come closer together
along the central line, sometimes occurring fused at
the one end and parallel at the other end. The
beans are without any ornamentation. The
maximum length and width of the trace is 15 mm
and 11 mm respectively. Rusophycus represents
a resting excavation of trilobite origin (Seilacher,
1953, 1955a; Crimes, 1970a; Young, 1972).

Ichnogenus Skolithos Haldeman, 1840
Skolithos linearis Haldeman, 1840
CRPIL )

Trace represenis vertical to inclined,
unbranched sediment-filled tubes which are circular
in cross section. The maximum length of the burrow
is 40 mm and the diameter of the burrows ranges
from 1 mm to 2 mm. These tubes in vertical section
are parallel to each other. The burrows are filled
with brownish sands. Skolithos is interpreted as
dwelling burrows formed by annelides or phoronids
(Osgood, 1970; Alpert, 1974).

Ichnogenus Treptichnus Miller, 1889
Treptichnus pedum (Seilacher, 1955)
(P1. 1, h)

The trace preserved on the bedding surface as
straight to slightly curved, sand-infilled burrow
branching occasionally to give minor branches; the
branching segments are arranged in a nearly straight
succession. Similar traces were described earlier as
Phycodes pedum by Seilacher (1955b) from Salt
Range, Pakistan. Jensen (1997) has given a generic
shift to this ichnogenus from Phycodes pedum to
Treptichnus pedum as this trace is formed by
addition of segments in a treptichian manner.

STRATIGRAPHIC DISTRIBUTION AND
ECOLOGY

Stratigraphic distribution of trace fossils is of
much importance because of absence of body
fossils in the Kunzum La section of Spiti. Although
in almost all parts of the world, trace fossils occur
before the appearance of mineralised fossils, the
horizons rich in trace fossils are devoid of body
fossils. In the Kunzum La section of Spiti, the Batal
and Kunzum La Formations constitute the Late
Precambrian - Cambrian rocks. From the Debsa
Khad Member of Kunzum La Formation, trace
fossils have been reported from two levels, the
lower horizon (TF1) represents traces produced by
the vermiform animals, i.e. Planolites, Treptichnus
pedum, Phycodes palmatum, Neonereites
uniserialis and the upper horizon (TF2) marks the
first appearance of traces of arthropod origin, i.€.
Cruziana pormensis, Diplichnites sp.,
Monomorphichnus lineatus, Rusophycus sp. and
Protichnites sp. Along with traces of arthropod
origin in TF2, other trace fossils have also been
reported, i.e. Skolithos linearis, Laevicyclus sp.
Bergaueria aff. perata, Chondrites sp.,
Didymaulichnus sp. and Cochlichnus sp. In the
Kunzum La section of Spiti, the diversity of trace
fossils in the pre-trilobite Cambrian strata increases
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Precambrian

Cambrian

Bergaueria aff. perata
Cochlichnus sp.
Chondrites sp.
Cruziana pormensis
Didymaulichnus sp.
Diplichnites sp.
Laevicyclus sp.
Monomorphichnus lineatus
Neonereites uniserialis
Phycodes palmatum
Planolites sp.
Protichnites sp.
Rusophycus sp.
Skolithos linearis
Treptichnus pedum

Middle| Upper

mesmsm  Observed distribution in Kunzum La section, Spiti
—»  World-wide distribution in and beyond Cambrian
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Fig. 2. Stratigraphic range chart of the ichnospecies recorded from the Kumzum La Section.

from TF 1 to TF 2; such proliferation of ichnofauna
from TF 1 to TF 2 could be the result of
evolutionary changes due to extensive competition,
which is consistent with patterns described from
many world- wide sections (Crimes, 1987, 1992,
Narbonne et al., 1987). The stratigraphical position
of presently described trace fossils is summarised
in fig.-2.

The Lower Cambrian trace fossils have also
been reported from the Tal Formation (Singh and
Rai,1983; De et al., 1994; Bhargava et al.,1998
and Sudan and Sharma in press), Zanskar (Hughes
and Droser,1992; Parcha, 1998 and Shah ez al.,
1998), Kashmir (Shah and Sudan, 1983), Spiti
(Bhargava et al., 1982; Bhargava and Srikantia,
1985 and Sudan ez al., 2000) and Kumaun
(Banerjee et al., 1975 and Sudan and Sharma,
2000).

Bergaueria, known from intertidal to muddy
bottoms of shore face (Crimes et al., 1977) and
from deep water sediments (Ksiazkiewicz, 1977);

ranges in age from the basal Cambrian (Narbonne
et al. 1987) to the Pleistocene (Pemberton and
Jones, 1988). Chondrites ranges in age from
Cambrian to Tertiary (Simpson,1957), being
abundant in the Early Cambrian (Alpert,1975) and
is a low-energy ichnotaxa (Fiirsich,1998).
Cochlichnus, a facies crossing trace (Pickerill,
1981), ranges in age from the Late Vendian
(Fedonkin, 1983) and continues throughout the
Phanerozoic (Jensen, 1997). Cruziana ranges in
age from the Cambrian to the Triassic (Bromley and
Asgaard,1979) and is mostly found in sediments of
high-energy environment in which Diplichnites are
absent (Crimes, 1970b) but the co-occurrence of
Diplichnites and Cruziana indicates low-energy
environment. Didymaulichnus, known from the
Late Vendian to the Early Cambrian (Palij et al.,
1983; Fritz and Crimes, 1985; Fedonkin, 1988;
Narbonne and Myrow, 1988), Ordovician
(Baldwin, 1977), Devonian (Garcia Romas,1976)
and Cretaceous (Vossler et al., 1989), indicates
intertidal transitional environment of deposition
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(Kumar et al., 1977). Diplichnites, widely known
from Cambrian and from the Triassic fresh water
sediments of Greenland (Bromley and Asgaard,
1979), indicates a low-energy environment (Crimes
et al., 1977). Laevicyclus is known from Early
Cambrian and also from the Triassic-Jurassic
sediments of Europe (Hintzschel,1962).
Laevicyclus is considered to be a feeding burrow
which is comparable with a dwelling shaft and
scraping circles of annelid worms, and indicates
moderate to high-energy conditions (Kumar ef al.,
1977). Monomorphichnus, known from the
Earliest Cambrian (Narbonne and Myrow, 1988)
to Triassic (Shone,1979), is a facies independent
form from the shallow marine, estuarine and fluvial
environments (Fillion and Pickerill, 1990).
Neonereites range in age from the Late
Precambrian (Narbonne and Myrow, 1988) to the
Eocene (Crimes et al., 1981), is regarded as a
burrow (Seilacher,1960) and a trail of an annelid
(Hakes,1976). Neonereites has been described
from both the shallow and the deep water deposits
(Seilacher,1960; Hantzschel and Reineck, 1968
and Tanaka,1971). Shallow water Neonereites can
be relatively straight or more commonly curved,
whereas tight meandering forms are often preserved
in deep water conditions, particularly by the end of
the Palaeozoic (Delgado, 1910 and Seilacher,
1974). Phycodes is widely found in the Lower
Cambrian strata (Clausen and Vilhjalmsson,1986)
and Triassic (Pollard, 1981). It is indicative of low
energy, subtidal or mud flat environment of
Cambrian - Ordovician sea (Crimes et al., 1977).
It is also produced in shallow marine environment
with strong wave action. It is, hence, inferred that
the trace makers had a considerable range of
energy toleration (high to low) limit. Planolites,
known from the Late Precambrian (Narbonne and
Hofmann, 1987) as well as from the Pleistocene
sediments (Wetzel, 1981), is a facies independent
form (Crimes, 1970a). Rusophycus ranges in age
from the Early Cambrian (Crimes,1970b) to the

Late Triassic(Wright and Benton, 1987) and is
relatively more common in sediments of low-
energy environment (Crimes,1970). Protichnites
found preserved with Rusophycus also indicates
low-energy environment. Skolithos, known from
the Late Precambrian (Fedonkin,1985) to the
Pleistocene (Pemberton and Jones,1988), is found
mainly in shallow marine high-energy environment
but it is also reported from the deep waters
(Alpert,1974) and flood plains (Curran and
White, 1987). Treptichnites ranges in age from the
Lower Cambrian to the Carboniferous
(Jensen,1997) and indicates a low energy, shallow
marine environment. Presence of ichnofauna in TF1
and TF 2 horizons in the Kunzum La section of
Spiti indicates low- to high- energy shallow marine
environment.

It is now widely accepted (Crimes,1994) that
the trace fossils provide information about the
evolutionary behaviour of organisms. The absence
of body fossils in trace fossil-rich horizons suggests
that arthropods initially developed as soft-bodied
forms, could not be preserved, and they were
followed in the later stages by the arthropods which
developed hard parts. The interval between the first
appearance of the trace fossils and that of the
trilobite body fossils marks a major event in the
history of evolution of arthropods during which
skeletalization of arthropods may have taken place.
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