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Trace fossils or ichnofossils are the preserved remains of the activity and behavioral patterns of
the organisms.

Common examples- burrows of bivalves and worms that live in estuaries and shallow seas,

complex feeding traces of the deep-sea animals on the sea floor, foot prints of dinosaurs, fecal
pellets etc.

The study of trace fossils is known as ichnology.

Every trace fossil offers a brief account of ancient life, both the life of organism that made the
marking as well as the environment in which it lived.

Trace fossils give evidence about:
- the behaviour of organisms- and so are part of organism’s paleobiology
- sedimentary environments- and so are like sedimentary structures




Types of trace fossils

A. Traces on bedding planes
Tracks: sets of discrete footprints, usually formed by arthropods or vertebrates

elther travellmg or restmg

B. Structures within the sediment
Burrows: structures formed within soft sediment, either for locomotion, dwelling, protection or
feeding, by moving grains out of the way -

Borings: formed in hard substrates, such as limestone, shells or wood, for the purpse of
protection, dwelling or carbonate extraction by cutting right through the grains




C. Excrement
Fecal pellets and fecal strings: small pellets, usually less than 10 mm in length, or strings of
excrement

vertebrates

D. Others
Root penetration structures: impressions of the activity of growing roots
Non-fecal pellets: regurgitation pellets of birds and reptiles, excavation pellets of crustaceans



Naming trace fossils: shapes not biological species

Trace fossil genera are called ichnogenera and trace fossil species are called ichnospecies.
It is important to note that the names usually say nothing about the organism that made the trace.
The trace fossils should not be named after its maker because:

1. One animal can make many different kind of traces
2. One trace fossil may be made by many different kind of organisms

(b)

One animal may make many different kinds of trace fossils. The modern fiddler crab Uca makes: (a) a J-
shaped living burrow (domichnion; Psilonichnus), (b) a walking trail (repichnion; Diplichnites), (c) a radiating
grazing trace with balls of processed sand (pascichnion), and (d) fecal pellets (coprolites). (Based on Ekdale
et al. 1984.)




One trace fossil may be produced by many different organisms. Here, all the traces are resting
impressions, cubichnia, of the ichnogenus Rusophycus, produced by (a) the polychaete worm

Aphrodite, (b) a nassid snail, (c) a notostracan branchiopod shrimp, and (d) a trilobite. (Based on
Ekdale et al. 1984.)



Variations in the physical nature of the sediment may create variations in the appearance of a
trace fossil. Here, a subsurface, patch-feeding burrow develops different morphologies, and
therefore has different names, when preserved: (a) in sand (Scalarituba), (b) at a sand-mud
interface in firm sediment (Nereites), (c) at a sand-mud interface in wetter sediment

(Neonereites), and (d) at a mud—sand interface, seen from below (Neonereites). (Based on
Ekdale et al. 1984.)



Diplichnites
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undertracks rell
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Scolicia

Terminology for trace fossil preservation, depending on the relationship of the trace to
sediment horizons. (Based on Ekdale et al. 1984.)



Hyporelief preservation is very common in sedimentary sequences where sandstones
and mudstones are interbedded- a feature of turbidite and storm-bed successions.
Here the traces are best seen on the bottoms of sandstone beds as sole structures,
because the mudstones often flake away.

Burrows and surface trails are not easy to distinguish. Burrows are formed within the
sediment and are endogenic, and they are seen both as full reliefs and semi reliefs

along the bedding planes.
Trails are formed on the top of the sediment pile, and are thus exogenic structures,
typically seen as semirelief.



Interpreting ancient behaviour

Trace fossils can plug gaps in knowledge where body fossils are rare. Two environments where
this works very well are in the deep sea and on land.

Trace fossils are quite abundant in deep oceanic settings and show the diversity of trail-making
and burrowing soft-bodied organisms, how many of them built complex shallow burrow systems
and efficient patch-feeding trails, and how these assemblages evolved through the Phanerozoic.




Seilacher’s Classification of the behavioural categories
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Pascichnia

The behavioral classifi
cation of trace fossils,
showing the major
categories, and some
typical examples of each.
lllustrated ichnogenera
are: 1, Cruziana;
2, Anomoepus;
3, Cosmorhaphe;
4, Paleodicyton;
5, Phycosiphon;

6, Zoophycos;

7, Thalassinoides;

8, Ophiomorpha;

9, Diplocraterion;

10, Gastrochaenolites;
11, Asteriacites;

12, Rusophycus.
(Based on Ekdale et al.
1984.)




Trace fossils in sediments

Trace fossils or trace fossil assemblages help to interpret ancient sedimentary environments and
help to know the water depth, tide and storm conditions, salinity and oxygen levels. This works
irrespective of the geological time.

Total of nine marine ichnofacies have been identified. The ichnofacies are named after a
characteristic trace fossil, and they indicate a particular sedimentary facies.

The nine ichnofacies Spiroraphe
Lorenzinia
Chondrites
Paleodictyon
Nereites
Cosmorhaphe

1. Nereites: recognized by presence of
meandering pascichnia (Nereites,
Neonereites, Helminthoida), spiral
pascichnia (Spirorhaphe), and agrichnia
(Paleodictyon, Spirodesmos).
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This ichnofacies is indicative of deep-
water environments and includes ocean

floors and deep-ocean basins.

Nereites Ichnofacies




2. Zoophycos: characterized by simple
fodinichnia (Zoophycos) and it may contain
some deep sea traces.

It occurs in a range of water depths between
the abyssal zone and the shallow continental
shelf, and may be associated with low level of

oxygen.

Asteriacites
Cruziana
Rhizocorallium
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3. Cruziana: shows a rich trace fossil
diversity, with horizontal repichnichnia
(Cruziana, Aulichnites), cubichnia
(Rusophycos, Asteriacites, Lockeia) as well
as vertical burrows.

It represents mid and distal continental
shelf situations that may lie below the
normal wave base, but may be much
affected by storm activity.



4. Skolithos: recognized by the presence of a low
diversity of abundant vertical burrows, domichnia
(Skolithos, Diplocraterion, Arenicolites), fodinichnia
(Ophiomorpha) and fuginichnia.

These all typically indicate intertidal situations
where sediment is removed and deposited
sporadically, and the organisms have to respond
rapidly to stressful conditions.
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Psilonichnus - ~ notto scale
Macanopsis Skolithos Ichnofacies

vertebrate footprints (d)
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! 5. Psilonichnus: a low-diversity assemblage,

| consisting of small vertical burrows with basal
living chambers (Macanopsis), narrow-sloping J-

'_ shaped and Y-shaped burrows (Psilonichnus),

\ root traces, and sometimes vertebrate footprints.
It is typical of backshore, dune areas and
supratidal flats on the coast.

Psilonichnus Ichnofacies

(e)



Scoyenia
Ancorichnus

6. Scoyenia: low diversity trace fossil

|
2
3 . . 3 Cruziana
assemblage, mainly simple horizontal Y  Shodickas

fodinichnia (Scoyenia, Taenidium), with
occasional vertical dominichnia (Skolithos), and
repichnia produced by insects and freshwater
shrimps (Cruziana) preserved in fluvial and
lacustrine sediments, often in silts and sands of
red-bed sequences.

not to scale
Scoyenia Ichnofacies
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7. Glossifungites: characterized by
dominichnia (Glossifungites) and root

¢ g penetration structures, but other
s | Dehavioural trace fossils are rare.
$  —— The sediments are firm, but not lithified,

and may occur in firm compacted muds
and silts in marine intertidal and shallow
subtidal zones.

Glossifungites Ichnofacies




8. Trypanites: characterized by dominichnial
borings of worms (Trypanites), bivalves
(Gastrochaenolites), barnacles (Rogerella),
and sponges (Entobia) formed in shoreline
rocks or in lithified limestone hardgrounds on
the seabed.

| echmodd grooves
2 bammacie borings
}  sponge borings

4 polvchacte boring
5  bivalve boring

6 sipunculid boring
7 polychacte boring
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Toypanites Ichnofacies
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9. Teredolites: identified by the presence of
borings in wood mostly produced by marine
bivalves such as modern shipworm Teredo.

Teredolites Ichnofacies
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The physical properties of sediments exert control on trace fossil distributions, and four factors
are particularly important:

1. Average grain size: affects sediment ingesting burrowers e.g. Arenicola

Water Flow

Cast
"

Surface ’

l

S




2. Sediment stability: particularly in Glgssifungites and Trypanites -

3. Water content: important for Glossifungites and Trypanites

4. Chemical conditions: trace fossils are rare or absent in completely anoxic conditions, but a
few animals can survive in dysoxic conditions. Generally, the smaller the burrow, the lower the
oxygen level.



Tiering in Trace Fossils

Burrowing organisms divide up the different strata of unconsolidated sediment in rather precise ways, a
phenomenon called tiering. The top few centimeters of sediment on the seafloor, the mixed layer, may be a
mixture of water and sediment, either loose sand that moves with the currents or soupy mud. Deeper down
is the historical layer, the older consolidated sediments from which water has been squeezed, and between
the two is the transitional layer. Each burrower is restricted to a particular depth of burrowing, some
exploiting the near-surface oxygenated zone, and others extending ever deeper into the sediment.
Interpretation of tiering can be difficult because the mixed layer is readily disturbed, and traces are lost or
distorted, and the historical layer may contain traces of many different generations, perhaps representing
many months or years of erosion and deposition.
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In a Middle Ordovician example (Fig.a), the subsurface layers are filled with) simple horizontal burrows, Planolites. These are
cut by branching fodinichnia, Chondrites, exploiting an organic-rich layer at a depth of 20-30 mm below the surface of the
sediment. The deepest burrows may be Teichichnus, showing spreiten structure (multiple ghosts of previous burrow
positions), and extending down to 100 mm at the deepest.

An Early Jurassic example (Fig.b) shows a substantial increase in depth burrowed, to perhaps 0.5 m, with small Chondrites in
the upper layers, a new large Chondrites extending to lower layers, and domichnia, Thalassinoides, at the deepest levels.
Finally, in a Late Cretaceous example (Fig.c), there are at least nine tiers, three horizons of shallow burrows near the surface,
Planolites, Thalassinoides, Taenidium, Zoophycos, and large and small Chondrites going deepest, perhaps to a maximum
depth of 1 m.



' Applications of ichnofossils

Trace fossils are excellent indicators of sedimentary environments as they do not evolve.
Though there are one or two exceptions, and one of these is the critical Precambrian-Cambrian

boundary interval. The Cambrian explosion has been a hugely debated issue in the geological
history.

THE BODY FOSSILS AND TRACE FOSSILS BOTH HAVE
DIFFERENT STORIES TO TELL!!!

The base of the Cambrian System (and thus the Precambrian-Phanerozoic or Precambrian-
Cambrian boundary), has been generally placed at the first occurrence of trilobite body fossils.
But the oldest known trilobite body fossils actually occur above the first trilobite trace fossils
such as Monomorphichnus, Rusophycus, Cruziana and Diplichnites.




Planolites
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Trace fossils and oil industry

Trace fossils are powerful tools in studying large sedimentary basins.
Petroleum geologists use them to understand the architecture of large volumes of sediments in

order to determine whether they might by oil reservoirs.

Droser and Bottjer (1989) devised an ichnofabric index to report the degree of bioturbation in
the vertical section of sediments.




generic Skolithos Ophiomorpha “Deep sea”
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Ichnofabric indices for different sedimentary/ichnofacies settings. These diagrams show the proportions of
sediment reworked by bioturbation, as seen in vertical section and numbered from top to bottom: 1 (no
bioturbation) to 5 (intensely bioturbated). (Courtesy of Mary Droser and Duncan Mcliroy.)




Interpreting trace fossils in borehole cores can
be difficult. Vertical (a) and horizontal

(b) cuts across a core may show rather obscure
burrow impressions, but these make sense
when interpreted in three

dimensions (c). These are indications of the U-
shaped burrow Diplocraterion, typical of the
Skolithos ichnofacies, and so an

indicator of the intertidal zone. (Courtesy of
Duncan Mcllroy.)

Ichnofabric studies may provide critical
evidence for the identification of key
stratigraphic surfaces, the basis of sequence
stratigraphy.
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