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Description.-Small, branching structures, up to sev-
eral millimeters in diameter, preserved in convex hypo-
relief and convex epirelief. Branches commonly straight
to slightly curved, [nay cross each other but never inter-
sect.

Discussion.-Fodinichnia of small, wormlike animal
(Simpson, 1957).

The morphology of Chondrites is diverse, and many
ichnospecies can be found in the literature (Osgood,
1970, p. 328; Chamberlain, 1971a, p. 234). Many of these
were proposed because of variations in size, preservation,
and angle of branching as a consequence of the fucoid
concept.

The specimens of Chondrites described here are not
preserved well enough for a detailed systematic investiga-
tion. Preservation is poor because most sediments are thin-
bedded and few of the burrow systems are confined ex-
clusively to a single bedding plane. This is especially truc
in the Rock Lake Shale (Pl. 4, fig. 2b), but to a lesser
extent in the Tecumseh and Stull Shales. Specimens of
Chondrites collected from the South Bend Limestone are
better preserved and developed because of a relative in-
crease in bed thickness. In all cases, the burrows are
considered to have been produced endogenically as they
always are preserved in convex relief. In the South Bend
Limestone well-developed burrow systems stand in convex
epirelief on ripple-marked bedding planes. Some of the
burrows can be observed to curve upward, indicating that
the producer was situated in a layer of sediment above the
one in which the burrow system was preserved (Pl. 4, fig.
2e). Simpson (1957, fig. 2) and Osgood (1970, fig. 10,
12) figured burrow reconstructions demonstrating that
some Chondrites systems originated at a point in the
sediment above which the distal ends of the burrow
system are found. Richter (1927, p. 218; 1928, p. 226)
discussed the role of phobotaxis in the construction of the
Chondrites burrow. In the South Bend Limestone, where
the branching networks are closely packed, the burrows
never intersect, but do cross one another (Pl. 4, fig. 2c).

To some extent, Chondrites is known to be a facies-
crossing trace fossil. Seilacher (1955, fig. 5) documented
Chondrites from Ordovician and Devonian flysch of Por-
tugal, Cretaceous to Tertiary Alpine flysch in Europe, and
the shallow water, Liassic and Dogger sandstones of
Wurttemberg. Similar facies relationships have also been
discussed by Simpson (1957, p. 489) and Seilacher &
Meischner (1964, fig. 4). Crimes (1973, fig. 11) de-
scribed the lack of facies control of Chondrites in the
Paleocene and Eocene flysch in northern Spain. On the
other hand, Chamberlain (1971b, fig. 6) has proposed a
Chondrites facies for the Ouachita Geosyncline in Okla-
homa. The Chondrites facies was intermediate between
the Zoophycos facies and the much deeper-water Nereites
facies. This relationship may be entirely valid for the
Pennsylvanian of the Ouachita System, but quite obvi-

ously, Chondrites cannot be considered to be an a priori
facies indicator in other geographic areas. Frey & Chowns
(1972, p. 39) already questioned Chamberlain's proposed
ichnofacies for similar reasons.

Although the distribution of Chondrites does not dis-
play bathymetric control, the ichnogenus can probably be
considered a facies indicator for the marine environment
(Simpson, 1957, p. 493). Chondrites is not yet known to
occur in nonmarine environments (Seilacher, 1955, 1963,
1967; Toots, 1967; Daley, 1968; Smith & Hein, 1971;
Bromley & Asgaard, 1972; Stanley & Fagerstom, 1974;
Gibbard & Stuart, 1974).

Occurrence.-Rock Lake Shale Member (Loc. 3, 4),
South Bend Limestone Member (Loc. 1, 5), Stull Shale
Member (Loc. 1, 5), and Tecumseh Shale (Loc. 4a, 6).

Ichnogenus COCHLICHNUS Hitchcock, 1858
Piatc 5, figure 5

Type species.-C. anguineus Hitchcock, by monotypy.

Description.-Small, sinusoidal burrows in convex cpi-
relief, rarely concave epirelief. Width of trace less than 1
mm and may be up to 40 mm long. Structures commonly
follow bedding planes.

Discussion.-Repichnia and probably fodinichnia
a small, wormlike animal.

The synonymies and nomenclatural history of Coch-
lichnus were discussed by Michelau (1955), Boger (1964),
Nowak (1970), and Hiintzschel (1975). This trace fossil
has been referred to as Sinusites by Seilacher (1963),
Crimes (1970), and Nowak (1970), and incorrectly as
Belorhaphe Ludwig, 1869, by Michelau (1955), and
Biiger (1964). Belorhaphe is characterized by angular
bends rather than the smooth sinusoidal curves of Coch-
lichnus. Hkitzschel (1975, p. W52) considered sinu-
soidal forms to be Cochlichnus and maintained Belo-
rhaphe as a separate ichnogenus.

Coch/ichnus has been described from many different
geographic areas and from a wide range of paleoenviron-
ments (Jessen, 1955; Seilacher, 1963; Hiintzschel, 1975).
Crimes (1970, p. 106) found Cochlichnus (=Sinusites)
in the Skolithos, Cruziana, and Nereites facies of the
lower Paleozoic of Great Britain, and considered it to
be "facies independent." Cochlichnus is also known from
flysch facies in Poland (Nowak, 1970, p. 163). Seilacher
(1963, p. 82) discussed the facies-crossing relationships of
Cochlichnus. Cochlichnus has been described from Pre-
cambrian strata in Australia, thought to have been pro-
duced in "moderately shallow, relatively quiet, offshore
conditions" (Webby, 1970, p. 105).

On the other hand, Cochfichnus is a facies indicator in
the Upper Carboniferous cyclothems of West Germany
and is therefore of special interest. Michelau (1955)
figured many specimens and considered the ichnogenus
to represent an environment between the brackish Plano-
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lites opthalmoides facies and the nonmarine pelecypod
facies for these cyclothems. Seilacher (1963, fig. 1; 1964)
placed Cochlichnus near the beginning of a transgressive
phase. Boger (1964) placed Cochlichnus near the end of
a regressive phase but still assigned it to an intermediate
environment in agreement with Seilacher's interpretation.
Regardless of the exact stratigraphie position of Coch-
lichnus within the development of a cyclothem, there is
general agreement that Cochlichnus represents an inter-
mediate environment between fresh water and well-
developed brackish conditions.

As suggested by Michelau (1955, p. 307), specimens
of Cochlichnus were most probably produced by small
worms lacking well-developed parapodia. Seilacher (1963,
p. 82) thought that nematodes or annelids could be
probable producers. Moussa (1968, 1970) compared sinu-
soidal trails from the Green River Formation (Eocene)
of Utah and recent nematode trails from Puerto Rico and
considered them to be morphologically similar. Michaelis
(1972, fig. 2) described small sinusoidal trails produced
by recent fly larvae in dune sands. The trails figured by
Moussa and Michaelis were produced in concave epirelief
which are only similar in preservation to Cochlichnus
from the Tecumseh Shale. However, specimens of
Cochlich nus from the Rock Lake Shale are typically pre-
served in convex epirelief. Additionally, none of the
specimens of Cochlichnus are as long as the sinusoidal
trails described by either Moussa or Michaelis. Such
differences might possibly be explained by pinching and
swelling of the siltstone lenses.

Occurrence.—Rock Lake Shale Member (Loc. 3, 4b)
and Tecumsh Shale (Loc. 3).

Ichnogenus CONOSTICHUS Lesquereux, 1876
Plate 5, figures 2a,l); Plate 6, figures la-c

Type species.—C. ornatus, by monotypy.

Description.—Small, conical to subconical structures
(approximately 20 to 40 mm in diameter and up to 20
mm long), preserved in full relief. External surface of
structures uneven. May have crude longitudinal ribs,
originating from apical end or may have series of wrinkles
running around structure.

Discussion.—Domichnia of actinian-like organism,
produced as the animal migrated upward in the sediment
(Chamberlain, 1971a, p. 220).

The origin of Conostichus has received much discus-
sion in the literature. Lesquereux (1876) originally con-
sidered it a plant fossil. Later, Fuchs (1895, p. 411) con-
sidered it a medusa. Branson (1961, 19626) compared
Conostichus to the strobilization stage of a scyphomedu-
san. Chamberlain (1971a, p. 220) summarized previous
interpretations of Conostichus and strongly suggested
that the structure was produced hy the migration of an
actinian-like organism upward through the substrate.

Chamberlain (1971b, p. 221) listed Conostichus as a
"dwelling burrow." H5ntzschel (1975, p. W146) placed
Conostichus in his chapter on trace fossils or medusae
incertae sedis.

Other interpretations have been advanced for Cono-
stichus. It has also been interpreted as the conical burrow
of a filter-feeding animal (Pfefferkorn, 1971, but only for
C. broadheadi), and the funnel structure at the inhalent
end of an Arenicola-like burrow (Caster, 1957; Henbest,
1960; Pogue & Parks, 1958). Barthel & Barth (1972)
described conical, Conostich us-like structures from the
Devonian of Bolivia. They interpreted these structures
to be the funnel-shaped openings of Arenicola-like bur-
rows. In some of the specimens from the Rock Lake
Shale, small rodlike structures can be seen on the apical
end, with matching structures on the broader, opposite
end (Pl. 5, fig. la,b). This suggested at first that the
"rods" might be burrows extending through the structure
and of possible Arenicola-funnel origin. However, cross
sections did not reveal the existence of a well-defined,
vertical burrow inside the trace, and an Arenicola origin
could not be proved (Pl. 6, fig. 1 b,c). The "rods" com-
mon at both ends are probably artifacts produced by the
animal as it migrated up through the sediment.

Occurrence.—Rock Lake Shale Member (Loc. 4b).

Ichnogenus CRUZIANA d'Orbigny, 1842
Plate 5, figure

Type species.—C. furcifera d'Orbigny (1842, p. 30),
subsequent designation by Seilacher (1953b, p. 107).

Description.—Small bibbed structure approximately
9 mm wide and 31 mm long, preserved in convex hypo-
relief. Surface of each lobe has numerous, straight ridges
spaced less than 1 mm apart, oriented perpendicular to
central groove.

Discussion.—Repichnia of small arthropod.

Cruziana is a bilobate trail with small, straight or
curved ridges either perpendicular or at angles to a cen-
tral furrow. This trace fossil is commonly thought to be
the work of trilobites (Crimes, 1970; Seilacher, 1955,
1970; Birkenmajer & Bruton, 1971; Bergstrom, 1973). A
trail similar to Cruziana is lsopodichnus. Isopodich nus
is much smaller than Cruziana and is considered to have
been made by other types of arthropods than trilobites
(see discussion of Isopodichnus). According to Seilacher
(1970. p. 456), small trails are very difficult to study and
to interpret since the preservation of scratch marks is a
fairly rare phenomenon. According to Seilacher (1970, p.
456), there are "no sound morphological criteria, except
size, by which to distinguish Isopodichnus from Cruziana.
Based upon this, it can prove difficult to distinguish small
Cruziana from large Isopodichnus, as can be seen with
the specimen in Plate 5, figure 1. If this specimen is corn-
pared with specimens of Isopodichnus from the Rock
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Lake Shale, it is larger than all of them. Most specimens
of Isopodichnus are only a millimeter or so wide.

Two major classes of arthropod trace fossils exist in
the Rock Lake Shale. One group is represented by !so-
podichnus, in the millimeter size class, the other is repre-
sented by forms about 10 mm wide. The latter group is
represented by only two examples, the specimen described
here and Arthropod trail A. In addition, these structures
display well-defined sculpturing or scratch marks, which
most of the small forms do not. Because of these differ-
ences in size and sculpture, the larger forms are con-
sidered to represent small Cruziana, at least in the Rock
Lake Shale.

Bromley & Asgaard (1972, fig. 2) described a small
specimen of Cruziana from Triassic freshwater deposits
in East Greenland, which is identical in size and appear-
ance to the material figured here. They considered that
forms similar to their Greenland material have been de-
scribed in Triassic freshwater deposits in Germany as
isopodichnus by Seilacher (1953b, 1960, 1963). Bromley
& Asgaard (and references cited by them) argued that the
material they described was probably made by notostracan
branchiopods. It is possible that the Rock Lake Shale
specimens may have a similar origin.

Freshwater, "Cruziana-type," trace fossils are also
known from Carboniferous deposits in Bolivia (Helwig,
1972, fig. 9). Helwig's material is much larger than that
figured here and by Bromley & Asgaard. There is no
reason not to believe that large, freshwater arthropods
might have been responsible for some of the Cruziana-like
trails found in the fossil record. This may be especially
true in paralic, upper Paleozoic sediments where true tri-
lobite trails can still be found and potential confusion
might result.

Occurrence.—Rock Lake Shale Member (Loc. 3).

Ichnogenus CURVOLITHUS Fritsch, 1908
Plate 2, figures 2a,l)

Type species.—C. multiplex Fritsch (1908, p. 13), sub-
sequent designation by Hiintzschel (1962, p. W189).

Description.—Straight to sinuous structure with a tri-
lobate surface, preserved in convex hyporelief or convex
epirelief. Four to 6 mm wide, and 8 to 30 millimeters
long. Bandlike, subelliptical in cross section, long axis
parallel to bedding. Central lobe is 1 to 2 mm wide
depending upon width of entire trace. In smaller speci-
mens, central lobe proportionally smaller to total width
of trail than in larger ones.

Discussion.—Repichnia of a mollusc, probably a
gastropod.

Seilacher (1955, fig. 5-45) and Kiej (1965, fig. 2-6)
figured specimens that closely resemble structures de-
scribed here. Unlike their specimens, the poorly pre-
served epichnia of the Rock Lake Shale are not divided

into 3 lobes. Chamberlain (1971a, fig. 4N) described
Curvolithus with a smooth, rounded lower surface and
an essentially trilobate upper surface. Hcinberg (1970,
fig. 3a,b) illustrated two forms of Curvolithus. His "form
one" possesses a trilobate upper surface (epichnion). The
upper surface of his "form two" is similar to that of his
"form one- except there is a thin medial groove on the
central lobe. The bottom of both forms (hypichnia) dis-
play a well-defined trough that maintains a position be-
tween two opposing lobes in the structure. Hiintzschel &
Reineck (1968, p. 22-23, pl. 16-3) described Curvolithus,
but did not specify whether the structure was preserved
in hyporelief or epirelief. Nor did Hiintzschel (1974, p.
W56) later make a distinction.

It is apparent that Curvolithus may have many minor
variations in form while still maintaining its basic trilo-
bate configuration. Many of these morphological differ-
ences are probably related more to preservation than to
construction of the structure. It, therefore, does not ap-
pear necessary to name new species for the Rock Lake
material, which, when compared to other members of the
ichnofauna, is scarce.

Occurrence.—Rock Lake Shale Member (Loc. 2, 3, 4).

Ichnogenus DIDYMAULICHNUS Young, 1972
Plate 4, figure 3

Type species.—Fraena lyelli Rouault (1850, p. 731),
original designation by Young (1972, p. 10).

Description.—Small, bilobate, straight to gently curved
trail, preserved in convex hyporelief. Surface of lobes
smooth to slightly undulating. Median furrow separates
equal-sized lobes. Width of trail, 4 to 7 mm, and several
tens of millimeters long. Structures rarely intersect each
other. Only one specimen commonly preserved on the
same slab.

Discussion.—Repichnia of a small mollusc, probably a
gastropod. Many types of recent gastropods are known
to possess musculature in their foot, capable of ditactal
movement (Schafer, 1972).

Small specimens of Didymaulichnus might be con-
fused with the bibbed trail Gyrochorte carbonaria
Schleicher, 1954, which is present in the Upper Carbonif-
erous cyclothems of the Ruhr Basin of Germany. How-
ever, G. carbonaria is much smaller than most specimens
of Didymaulichnus and is apparently composed of two
circular, curving rods parallel to and in contact with each
other (Seilacher, 1964b, fig. 6). Seilacher (1963, p. 83)
did not consider Gyrochorte carbonaria to be a true Gyro-
chorte, which typically displays biserially plated lobes in
convex hyporelief and bibbed grooves paralleling the
lobes in concave epirelief (Weiss, 1940; Seilacher, 1955,
fig. 2).

The synonymies and occurrences of Didymaulich nus
have been discussed by Young (1972, p. 10) and Hakes
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(in Hantzschel, 1975, p. W61). From these listings, it is
concluded that Didymaulich nus can commonly be thought
to indicate shallow water deposition. Glaessner (1949, p.
390) described bilobate molluscan trails from the Lower
Cambrian of Australia which were considered similar to
Didymaulich nus by Young and placed them in the Cru-
ziana facies. Daily (1972) since decided that these Aus-
tralian forms are not similar to Didymaulichnus.

Occurrence.-Rock Lake Shale Member (Loc. 2, 3,
4b), Stull Shale Member (Loc. 1, 4), and Tecumseh Shale
(Loc. 4a).

Ichnogenus DIPLOCRATERION Torell, 1870
Plate 5, figures 3,t,l)

Type species.-D. parallelum Torell (1870, p. 13), sub-
sequent designation by Richter (1926, p. 213).

Description.-Vertical U-tube with spreite developed
between limbs of tube. Limbs of successive U-tubes are
confluent. Diameter of tube from 4 to 7 mm; distance
between limbs of tube 28 to 35 mm; width of spreite 2 to
10 mm.

Discussion.-Domichnia of a worm.

No complete specimens of Diplocraterion have been
found, and taxonomic interpretations have been done, by
necessity, by reconstructions. Occasionally, small vertical
burrows are continuous through sandstone beds several
centimeters thick. These vertical burrows occur indi-
vidually as Tigillites or in pairs. Where a spreite can be
found to connect two vertical burrows, they are inter-
preted to be Diplocraterion. The burrow in Plate 5, figure
3b, is from the Tecumseh Shale and is preserved in a
bed of sandstone 5 centimeters thick. The upper bedding
plane has well-developed symmetrical ripple marks. Be-
cause the sandstone is thin-bedded, the complete structure
of the burrow is missing. The lamellae of the spreite are
concave upward, and can then be related to a vertical
U-tube with a protrusive spreite, in the sense of Goldring
(1962, fig. 2; 1971, fig. 3). It is difficult to imagine these
structures could be the result of any other process. Flem-
ing (1973, fig. 1) used similar criteria to interpret the
origin of "fossil-cuff-links" to be Diplocraterion in the
Miocene of New Zealand.

Vertical U-tubes are better preserved in the South
Bend Limestone (Pl. 5, fig. 3a). There, well-developed
spreiten and the basal curvature of the burrows are easily
found preserved in hyporelief. Only rarely can the limbs
of the U-tube be traced from the bottom to the top of
the same bed. This is probably related to bed thickness
(several tens of centimeters) and physical reworking of
the sediment, which is almost totally structureless. Fun-
nels, commonly associated with Diplocraterion on upper
bedding planes, were not found with any of these burrows
(Westergard. 1931, pl. 4).

The preservation of vertical, spreite-bearing U-tubes
has received considerable attention (Richter, 1926 ; Sei-

lacher, 1967; Osgood, 1970; Knox, 1973; Fiirsich, 1974b,
and references therein). Most recently, Fiirsich discussed
the synonyms of Diplocraterion and established five ichno-
species for this ichnogenus. According to him, all vertical
U-shaped burrows possessing spreite belong in the ichno-
genus Diplocraterion. Variations in spreite development
were considered taxonomically unimportant at the icho-
generic level.

Earlier, Knox (1973, p. 134, 135) distinguished be-
tween Corophioides and Diplocraterion by differences in
the manner of spreite construction. The spreite of Coro-
phioides was characterized as having been produced by
the lateral displacement of successive, migrating U-tubes.
Diplocraterion resulted from the vertical migration of
successive U-tubes, having confluent, vertical limbs.
Hantzschel (1975, p. W53, W62) accepted Knox's defini-
tion of the two ichnogenera and did not consider them to
be synonyms. Later, Knox (in Fürsich, 1974b, p. 954)
discovered intermediate or transitional forms of Diplo-
craterion and Corophioides from the Jurassic of England.
Because of this, Fiirsich (1974b, p. 954) felt that the two
ichnogenera could no longer remain independent. Coro-
phioides Smith, 1893, therefore became D. polyupsilon
Smith, 1893. In specimens from the Tecumseh Shale and
South Bend Limestone, spreite developments display typi-
cal Diplocraterion structure. The limbs of successive U-
tubes were confluent and Corophioides- like spreiten have
not been found. The distinction between the two ichno-
genera is maintained here.

Occurrence.-South Bend Limestone Member (Loc.
1, 4) and Tecumseh Shale (Loc. 4a).

?Ichnogenus GYROCHORTE Heer, 1865
Plate 5, figure 4

Type species.-G. cosmosa Heer (1865), subsequent
designation by Hantzschel (1962, p. W196).

Description.-Small, bibbed structure, approximately
3 mm wide, preserved in convex epirelief. Lobes sep-
arated by a median furrow and composed of irregular,
biserially arranged "plates."

Discussion.-Repichnia of a small amphipod (Abel,
1935) or worm (Heinberg, 1973).

Nathorst (1881, pl. 1, fig. 1) pictured plaster casts of
Corophium or traces (in convex ?hyporelief), very similar
to the material described here. Abel (1935, p. 279) later
refigured Nathorst's specimen and compared it with
"Ziipfe" structures from the Middle Jurassic of Germany.
Weiss (1941, p. 333) considered these "Zopfplatten" to
belong to Gyrochorte Heer.

The trace fossil from the Rock Lake Shale could,
possibly, be a poorly preserved Gyrochorte because it has
been demonstrated that Gyrochorte typically possesses
bibbed ridges in epirelief and parallel, smooth, bibbed
grooves in hyporelief (Seilacher, 1955, fig. 2; Heinberg,
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1973, fig. 3). This hypichnial parallelism is lacking in
the Rock Lakes Shale material, and therefore the trace
cannot be unquestionably assigned to the ichnogenus.

Occurrence.—Rock Lake Shale Member (Loc. 3).

Ichnogenus FUCUSOPSIS Palibin in Vassoevich, 1932
Hate 8, figures 2a.l,

Type species.—F. angulatus, by monotypy.
Description.—Trace straight to curved, 3 to 7 mm in

diameter, with sublongitudinal, threadlike ridges or sculp-
ture, preserved in convex hyporelief.

Discussion.—Fod in ich nia of infaunal organism
(?worm). Ridgelike sculptures apparently reflect bur-
rowing activities of producer (Seilacher, 1959).

Fucusopsis is a well-known facies-crossing trace fossil.
It displays no bathymetric control and has been reported
to range from the Nereites to Cruziana facies (Seilacher,
1959, 1964; Osgood, 1970).

Superficially, Fucusopsis may appear similar to Halo-
pou Tura and Scoyenia White; both these genera are
unilobate burrows with external sculpture. The surface
of Halopoa was described by Martinsson (1965, p. 221)
to possess an imbricate or lycopodiaceous structure. Sev-
eral of his figured specimens display small ridges that
are developed somewhat longitudinally (Martinsson, 1965,
fig. 2), but these ridges are not as delicately sculptured
and are proportionally much shorter than those described
here. Scoyenia White (1929, p. 115, pl. 5) has delicately
sculptured ridges. However, the ridges are typically short
and "lanceolate," thereby differing from the material de-
scribed here. Muller (1969, fig. 3, 4) figured Scoyenia
grad/is with finely sculptured ridges, some of which
appear continuous over a large portion of the burrow.
On this basis, his material differs from Scoyenia as orig-
inally described by White (1929) and is more similar to
the specimens from the Tecumseh Shale.

It would seem that Halopoa,Fucusopsis, and Scoyenia,
as described in the literature, can be easily separated by
the shape and distribution of their external sculpture
ridges. In poorly preserved specimens, such differentiation
inight prove difficult.

Occurrence.—Tecumseh Shale (Loc. 3a).

Ichnogenus ISOPODICHNUS Bornemann, 1889
Plate 6, figures 2a,b; Plate 7, figure 2

Type species.—I. problematicus Schindewolf (1928, p.
27), subsequent designation by Schindewolf (1928, p.
27).

Diagnosis.—Bilobate structures preserved in convex
hyporelief (1.2 to 2.8 mm wide and approximately 7 to
30 mm long), possessing a well-developed central groove
that divides them lengthwise in two halves. Straight to
gently curved. In the larger specimens, the surface of
each lobe is not smooth but commonly displays transverse

striations spaced approximately 0.5 mm apart. Smaller
traces do not have these striations but an undulating
surface.

Discussion.—Isopodichnus is generally thought to
have been produced by small arthropods (repichnia). See
also Cruziana. Polychaetes and gastropods also have re-
ceived credit for making similar bilobate structures
(Schindewolf, 1928; Birkenmajer & Bruton, 1971). It is
most likely that Isopodichnus from the Rock Lake Shale
was produced by small arthropods. Transverse ridges on
the lobes of large lsopodichnus (a few millimeters wide)
were undoubtedly the result of scratching with pointed
appendages during locomotion. Smaller forms of Iso-
podichnus do not have well-displayed transverse striations,
probably because the size of the scratch mark is fairly
close to the grain size of the sediment. Therefore, the
striations were not preserved. Seilacher (1970, P. 456)
noticed a similar relationship with different size specimens
of Cruziana. Cruziana, less than 2 cm wide, do not
adequately show claw marks necessary for specific
division.

Isopodichnus has been considered to encompass two
different forms: a narrow, continuous or an intermittent
double-banded trail and a coffee-bean-shaped structure
(Muller, 1955, 1967; (laessner, 1957; Seilacher, 1960,
1963; Hantzschel, 1975). In other cases, only the coffee
bean-like shape has been considered to be a "true" Iso-
podichnus. Birkenmajer & Bruton (1971) called all
coffee bean-like resting traces with irregularly spaced
transverse wrinkles Isopodic -hnus. Osgood (1970, p. 303)
considered short Rusophycus-like imprints of "non-trilo-
bite origin" to be Isopodichnus.

No coffee bean-shaped or intermittent bands repre-
senting Isopodichnus were found in the Rock Lake Shale.
All specimens were continuous double bands along bed-
ding planes, indicating little vertical movement of the
producers in the sediment during the creation of its trail.
In some cases, bilobate furrows have been preserved in
epirelief (Pl. 6, fig. 2b). Directly beneath these furrows,
hyporelief, typical Isopodichnus are found.

Seilacher (1970, p. 456) considered Isopodichnus to be
a facies indicator of nonmarine sandstone of Paleozoic
and Mesozoic age. Linck (1942, p. 253) restricted the
ichnogenus to brackish water. In the Rock Lake Shale,
Isopodichnus has been found on the same siltstone tense
as Lingula (Pl. 7, fig. 2), and is associated with Lin gula
burrows ( Lin gltdichnus), starfish impressions ( Asteria-
cites), and Conostichus.

Occurrence.—Rock Lake Shale Member (Loc. 2, 3,
4b).

Ichnogenus LINGULICHNUS Hakes, ichnogen. nov.

Type species.—L. verticalis Hakes, ichnosp. nov.

Holotype.—KUMIP 107,820.
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Diagnosis.—Sediment-filled tubes with elliptical cross
sections. Tubes oriented perpendicular or inclined to
bedding.

LINGULICHNUS VERTICAL'S Hakes, ichnosp. nov.

Figure 10; Plate 6, figure 5; Plate 7, figures la-c

Description.—Vertical to slightly inclined structure,
with horizontal cross section similar to that of a flattened
ellipse; ends of long axis of ellipse are commonly pointed,
but may be slightly rounded; commonly 8 mm long and
3 mm wide and preserved in both hyporelief and epi-
relief; trace may be surrounded by several sets of sub-
concentric ellipses extending for a few millimeters away
from the structure; trace may also be found on upper
surface of laterally compressed, calyx-like structure (12
mm long, 9 mm wide, 11 mm high), which has a sub-
circular outline at the base.

Discussion.—Domichnia of a linguloid brachiopod.
Lingulichnus is most commonly found on the tops of

beds, having the outline of a laterally compressed ellipse.
Depending upon the thickness and type of sediment, a
similar elliptical structure can be found below the epich-
nion in hyporelief. Cross sections of these structures
reveal that both the epichnion and hypichnion are con-
nected by a subcyclindrical burrow which conforms in
horizontal cross section to the surface structures. At
first glance, it might be thought that such structures were
the result of worm activity. The trace fossils Sko/ithos

Fu;. 10. Cross section of recent Lingula in its burrow, intersecting
two silt lenses (after Ruclwick, 1970). Figure in per right shows
epichnial expression of burrow; figure in lower right is side view
of base of burrow with animal fully retreated. See also Plate 7,

figure la-c.

ind Monocraterion are small cylindrical structures oriented
perpendicular to bedding, but the flattened elliptical out-
line of Lin gulichnus does not conform to the circular
cross-sectional outline of these vertical worm burrows.
In addition, there is no evidence for lateral compaction
of the sediment.

Bivalves are producers of vertical burrows (Reineck,
1958). Bivalves have one plane of symmetry that passes
through the plane of commissure, and their burrows
should reflect this symmetry. Lingulic-hnus, however, has
two planes of symmetry which coincide with its long axis
and short axis. Therefore, it is not likely that Lingu-
lichnus originated by the action of infaunal bivalves.

An infaunal organism known to produce vertical or
subvertical burrows is the inarticulate brachiopod, Lin gula
(Craig, 1952; Ager, 1963, fig. 7.3; Ferguson, 1963). Its
shell has the necessary symmetry to produce the flattened,
elliptical outline characteristic of Lingulichnus. Ac-
cording to Rudwick (1970) and Craig (1952), Lingula
positions itself vertically to subvertically in the sediment.
The pedicle extends below the shell in the underlying
sediment creating a cylindrical to slightly conical impres-
sion (Fig. 10). The small calyx-like structure in Plate 7,
figure 1 b,c, possesses a circular hypichnion that could
have been made by a protruding pedicle. The elliptical
epichnion was apparently produced by the shell in Plate
7, figure la, and the calyx-like structure could therefore
represent the deepest penetration of the animal in its
burrow. Lin gula commonly retreats to the bottom of its
burrow with its valves closed for safety to survive in-
hospitable conditions. The cross section of the burrow
has sharply pointed ends and this suggests that the valves
were closed when it was made. Specimens of Lin gula
have been found in the Rock Lake Shale (Pl. 7, fig. 2, and
Moore, 1966).

Other specimens of Lingulichnus have been found
with more rounded ends. The shape of the burrow made
by Lingula in its feeding position, with both valves sep-
arate, closely resembles the outlines of these traces (Rud-
wick, 1960). The concentric laminations around the
central part of the burrow are interpreted as the result
of the animal packing the walls of its burrow and en-
larging it because of sediment that passively filtered in.
Many of these burrows have been packed so thickly by
the producer that the burrows are nearly circular in out-
line. These burrows are similar to cross sections of
Lingula burrows (with the animal still in the burrow)
exposed along bedding planes in the Triassic of France
(Gall, 1971, pl. 27, fig. 2).

Thayer & Steele-Petrovie (1975) described the bur-
rowing technique of Glottidia pyramidata and suggested
a similar process for Lin gula. Glottidia burrows anteriorly
into the sediment surface, eventually producing a U-tube
as it establishes a pedicle down orientation. Thayer &
Steele-Petrovie. therefore, suggested that many U-shaped



Trace Fossils of Upper Pennsylvanian Megacyclothems, Kansas	 29

burrows in the ancient record thought to have been pro-
duced by annelids may have been produced by lingulids.
This could also be the case for some simple, vertical
burrows. It should be possible, though, to demonstrate a
lingulid origin for such burrows if the elliptical outline
of Lingulichnus can be found within the burrow.

Occurrence.—Rock Lake Shale Member (Loc. 2, 3,
4b).

Ichnogenus LOCKEIA James, 1879

=Peloypottichnus Seilacher, 10551), p. 1051

Plate 6, figure 3

Type species.—L. siliquaria, by monotypy.
Description.—Small, ahnond-shaped structures, pre-

served in convex hyporelief, and very rarely in concave
epirelief. Dimensions range from 2 to 10 mm in length
and 1 to 3 mm in width.

Discussion.—Commonly interpreted as cubichnia of
bivalves (Seilacher, 1955b; Osgood, 1970; Eager, 1974),
and some recently by conchostracan branchipods (Brom-
ley & Asgaard, 1972). No conchostracan branchipods are
known in the units studied, and they therefore are
unlikely to have produced the material discussed below.

Moore & Merriam (1965) and Moore (1966) listed
the bivalve fauna of the Rock Lake, Tecumseh, and Stull
Shales. None of these genera are exclusively freshwater
forms. The size of Lockeia suggests that small nuculids
could be possible producers. Poorly preserved, small
Wilkingia are also occasionally found. However, no
bivalves are associated in the same bed with Lockeia, and
it therefore is difficult to assign a definite producer to
this trace fossil.

Lockeia has been found in shallow-water, marine sedi-
ments together with Asteriacites (Seilacher, 19556).
Lockeia (=Pelecypodichnus Seilacher) is also known to
occur in nonmarine Upper Carboniferous deposits of
Britain (Eagar, 1974). These forms are preserved in
concave epirelief together with the small bivalve Car-
bonicola on the same bedding plane.

Osgood (1970, p. 309) considered Pelecypodichnus
Seilacher to be a subjective synonym of Lockeia James
under the Law of Priority. Recently Eager (1974, fi g. 8)
rejected Osgood's decision because "James did not supply
a figure with his original description." According to the
International Code of Zoological Nomenclature (Art 12),
to be available, type species established prior to 1931 need
only to "have been accompanied by a description, defini-
tion, or indication" and James (1879, p. 17) did supply
an adequate description of Lockeia in his original publica-
tion. The name Lockeia is maintained here.

Occurrence.—Rock Lake Shale Member (Loc. 1, 2, 3,
4b), Stull Shale Member (Loc. 5), and Tecumseh Shale
(Loc. 1, 3, 4b).

Ichnogenus cf. LORENZINIA da GabeIli, 1900
Plate 6, figure 4

Type species.—L. apenninica, by monotypy.
Description.—Small subcircular structure consisting of

14 elongate, knoblike features (about 5 mm long) pro-
jecting from a raised central area (3 mm in diameter)
with a subcentral pit. Preserved in convex epirelief.
Diameter of entire structure approximately 4 mm.

Discussion.—There are many types of rosetted trace
fossils. Recently their structure and supposed origins have
been reviewed by Grubie (1970), and Hiintzschel (1970)
and many of them have been figured by KsiaZkiewicz
(1970, fig. 7).

It may prove that the specimen from the Rock Lake
Shale is not a true Lorenzinia, which typically possesses a
flat central area and is commonly much larger. Lorenzinia
perlata KsiaZkiewicz (1970, fi g. 7p) is perhaps closest in
appearance to the Rock Lake Shale material, but L. per-
lata has a flattened central area and is three to four times
larger in diameter. Bassaenia Renz (1925) has some
characteristics similar to this specimen. However, Bas-
saenia contains two concentric sets of small knobs and a
flattened central area. Only one specimen of the Rock
Lake Shale material has been found, and it is, therefore,
only questionably assigned to Lorenzinia. Curiously, both
Lorenzinia and Bassaenia are typical of flysch deposits
(Hdntzschel, 1975, p. W145).

It is possible these structures may have resulted from
a small infaunal organism extending its siphon or other
food-gathering organ into the overlying body of water.
Such an origin would account for the raised central area,
which could have been caused by mixing of sediment.
The knobs might then be the result of movement of the
food-gathering organ from the center of the burrow to
its periphery.

Occurrence.—Rock Lake Shale Member (Loc. 3).

Ichnogenus MARGARITICHNUS Bandel, 1973

[nom. subst. for Cylindrichnus Ilandel, I967a, p. 6,

non Cylindrichnus Toots in Howard, 1966, P. 45]

Plate 8, figures la-e

Type species.—Cylindrichnus reptilis Bandel (1967a,
p. 6), original designation.

Description.—Small, flattened, subspherical structures
(up to 30 mm in diameter) preserved in convex epirelief
and rarely, convex hyporelief. Structures can appear to
be aligned in rows, straight to curved.

Discussion.—Domichnia of soft-bodied organisms, pos-
sibly anemone-like.

Bandel (1967a, p. 6) originally defined Margaritichnus
under the name Cylindrichnus as "ball-like structures"
. . . "commonly aligned like a string of pearls." Bandel
interpreted these structures as fecal pellets, produced by
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a large sediment-ingesting animal. A restudy of Bandel's
material in the Museum of Invertebrate Paleontology at
the University of Kansas furnished new information
about the origin of these structures. On the fractured
edges of sandstone blocks containing the trace fossil, some
evidence of bioturbation could be found beneath some of
the spherical bodies. This suggested a downward move-
ment of the producer within the sediment, and down-
ward movement of the producer is not in keeping with
the original interpretation of a wormlike animal moving
fairly horizontally in the sediment, leaving strings of

fecal material behind.
Specimens of Margaritichnus, collected during this

investigation, were found at two localities: 1) Bandel's
locality (Killough quarry), and 2) at the Kansas Turn-
pike locality. Margaritichnus from the Kansas Turnpike
was typically ball-shaped and much better preserved than
Bandel's material. Many of the specimens from the

Turnpike locality were arranged in strings (Pl. 8, fig. Id),
but it was not uncommon to find isolated specimens which
were not aligned with others as if in a fecal string. In
several instances, the ball-like structures were connected
to similar structures on the opposite side of the rock by a
cylindrical shaft with a diameter smaller than the balls
(Pl. 8, fig. la). This definitely indicated vertical move-
ment of the producer within the sediment.

Material collected from Killough Quarry showed
short, stringlike arrangements of Margaritichnus (Pl. 8,
fig. le) and, occasionally, a small ball could be seen inside
a larger one (Pl. 8, fig. le). Sections were made of this
material and saclike structures were found beneath what
appeared to be balls of sediment on the surface (Pl. 8,
fig. lb). These saclike structures are reminiscent of ane-
mones or anemone-like resting impressions as described
by Shinn (1968) and Chamberlain (1971a). Unfortun-
ately, permission could not be obtained to section the

holotype for comparison. Sectioning of other material
revealed little evidence.

Bandel (1967a, p. 6) compared his material with
worm trails figured by Teichert (1941, p. 384, fig. 4) and

assumed that his material had a similar origin. The

shortest string of fecal pellets figured by Teichert has
over twice the number of balls as the longest string fig-
ured by Bandel. It seems more likely that the strings of

Margaritich nus from the South Bend Limestone formed
by chance settlings of anemone-like organisms next to
each other or in successive positions in the sediment. This

explanation more clearly explains why many of the in-
dividual balls "impinge" upon each other (Bandel, 1967a,
p. 6) and are even found inside each other. Variations of

this trace fossil's morphology can best be related to
I ithology.

Occurrence.—South Bend Limestone Member (Loc.
4, 5).

Ichnogenus MICROSPHERICHNUS Hakes,
ichnogen. nov.

Type species.—M. linearis Hakes, ichnosp. nov.

Holotype.—KUMIP 107,823.
Diagnosis.—Small ball-like structures in a linear ar-

rangement. Balls may or may not be in contact.

MICROSPHERICHNUS LINEARIS Hakes, ichnosp. nov.

Plate 10, figures I a,b

Description.—"Strings" of up to 10 or 12 tiny balls,
approximately 1.4 mm in diameter, preserved in convex
epirelief. Balls are irregularly spaced, every 5 to 7.5 mm.

Discussion.—Fecal balls produced endogenically by
small worms during feeding (fodinichnia).

Bandel (1967a, p. 6) described somewhat similar struc-
tures from the South Bend Limestone, which he called
Margaritichnus (Bandel, 1973, nom. subst. pro Cylindrich-
nus Bandel, 1967a, p. 6). However Bandel's specimens
are much larger than Microspherichnus. In addition, balls
of Margaritichnus may connect each other by a ridge the

same width as the balls themselves. Some forms of Tae-
nidium Heer, 1877, resemble Microspherichnus, but only
superficially. Taenidium does not have the positive relief
of Microspherich nus, and the balls in Taenidium typically
touch each other and are slightly compressed (Hantzschel,
1972. fig. 3).

Neonereites uniserialis Seilacher, 1960, is also some-
what similar to Microspherich nus. N. uniserialis consists
of strings of small balls in hyporelief. However, in epi-
reief, it is typically preserved as concave hollows, in a

stringlike arrangement (H5ntzschel, 1975). N. uniserialis
as figured by Seilacher (1960, pl. 2, fig. 1) shows longi-
tudinally compressed, subhemispherical hollows. Hdritz-
schel & Reineck (1968, pl. 9, fig. 1, 2) figured specimens
of N. uniserialis that were in part circular, hemispherical
depressions. Microspherich nus is always preserved in
convex epirelief and therefore differs in this respect from
Neonereites uniserialis.

It is likely that the producer of Microspherichnus
maintained a fixed depth within the sediment. Plate 12,
fig. la shows the trace fossil intersecting a ripple crest
whereupon the ball-like shape changes into a troughlike
morphology. Once the producer of the trace left the

ripple crest and migrated along the ripple slope (at a
constant depth in the sediment) the ball-like structure was
produced again.

Occurrence.—Rock Lake Shale Member (Loc. 3, 4b).

Ichnogenus NEONEREITES Seilacher, 1960
Plate 9, figures I a-c

Type species.—N. biserialis Seilacher (1960, p. 48), by
original designation.

Description.—Two closely spaced, straight to curved
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rows of subcircular to crudely oblong knobs, preserved in
convex hyporelief. Knobs of different rows are not oppo-
site but alternate in position. Width of structure about
9 mm.

Discussion.—Fodinichnia of infaunal worms.

Seilacher & Meischner (1964, fig. 12) grouped the
ichnogenera Neonereites, Scalarituba, and Nereites to-
gether, but not as strict synonyms. Differences in mor-
phology were considered caused by different types of
preservation. Chamberlain (1971a, p. 228) considered the
three ichnogenera "probably - were synonyms and listed
Neonereites and Nereites as forms of Scalarituba. Hiintz-
schel (1975) separated these ichnogenera, and his view
is accepted here. There is no doubt that bioturbate halos
found to surround the Scalarituba burrow may be the
result of lateral lobe development that has not been
clearly preserved as suggested by SeiLacher & Meischner
(1964) (see Nereites). However, this variation in preser-
vation of Scalarituba and Nereites yields a clear morpho-
logic distinction between the two ichnogenera.

Seilacher & Meischner (1964) also explained the origin
of the two alternating rows of knobs in Neonereites
biserialis as the hypichnial expression of the lateral lobes
of Nereites which are only found in epirelief. Width
measurements of Neonereites and Nereites from the
Tecumseh Shale show that the two are comparable in
size. In cross section, Nereites has a disturbed zone be-
neath its central burrow (Nereites, PI. 9, fig. 26). This
zone would probably correspond to a Neonereites lump
or knob if preserved in hyporelief. Unfortunately, single
beds of the Tecumseh Shale are not sufficiently thin that
epireliefs of Nereites show corresponding Neonereites pat-
terns in hyporelief.

Cross sections through the Neonereites biserialis bur-
row reveal no indication of Nereites-type lateral lobes or
a central burrow (PI. 9, fig. lb—arrows point to lobes).
Indeed, cross stratification of the sediment is not disturbed
by bioturbation. The Neonereites structures appear to
have been produced within a sand layer slightly above
the sand-clay interface. Subsequent wave action re-
worked the sand layer, destroying all evidence of the
burrow except for two rows of depressions that were
originally made in the underlying mud layer during lobe
production. It is possible that a thin layer of sand (a
few grains thick) adhered to the mud, thereby increasing
the resistance of the mud to physical reworking. After
initial consolidation, clays are not easily reworked by
currents (Terwindt & Breusers, 1972, p. 87).

Although it is most likely that Neonereites and Nere-
lies were produced by similar processes, this is no evi-
dence to support the argument for specimens collected in
the Tecumseh Shale. The two ichnogenera are therefore
considered independent.

Neonereites is not bathymetrically controlled in Paleo-
zoic sediments and has been reported from the Nereites,

Zoophycos, and Cruziana facies (Seilacher, 1964; written
commun., 1975). In the Tecumseh Shale, it can be found
in the same bed as Diplocraterion.

Occurrence.—Tecumseh Shale (Loc. 4a).

Ichnogenus NEREITES MacLeay, 1839
Plate 9, figures la-d

Type species.—N. cambrensis, subsequent designation
by Hiintzschel (1962, p. W205).

Description.—Smooth to slightly annotating central
tube (2 to 8 mm wide) with lateral, subliemispherical
lobes, preserved in convex epirelief. Width of entire
structure up to 50 tom. Trace gently curved to sinuous.
Not found to intersect each other.

Discussion.—Fodinichnia of worms.
Chamberlain (1971a, fig. 5) considered the lateral

lobes to be an expression of periodic excavations by the
producer along the walls of the central burrow. The sedi-
ment removed from the excavated lobes was back-filled
behind the animal in the central burrow and also packed
into empty lobes. This interpretation seems valid for the
material described here. The annulating nature of the
central burrow can be explained by this periodic back-
filling. Several of the lateral lobes show evidence that
they have been stuffed with sediment.

The morphology of Nereites is highly variable, and
this variability is apparently caused by the relative posi-
tion of the producer in the sediment with respect to the
sand-mud interface. In all cases, Nereites is preserved in
epirelief in sandstone. Three basic types can be recog-
nized. Type 1 has a central burrow. The lateral lobes are
nearly hemispherical and the points of intersection of
neighboring lobes are very close to or are in contact with
the central burrow (Pl. 9, fig. 2c). Type 2 has a central
borrow. The lateral lobes are more irregular than those
of Type 1 and the lobes show evidence of packing (Pl. 9,
fig. 2a). The intersections of neighboring lobes are pro-
portionally not as close to the central burrow as with
Type 1 Nereites. Type 3 contains a slightly raised central
ridge with poorly defined lateral lobes or mounds (Pl. 9,
fig. 2d). All three types of Nereites are the result of the
same basic behavioral pattern, the traces of which vary
with the depth at which they were produced within the
sand layer.

Nereites is commonly thought to be restricted to deep
water and is the characteristic fossil of the Nereites facies
(Seilacher, 1964b, 1967a,b, 1974; Seilacher & Meischner,
1964; Chamberlain, 1971a; Tanaka, 1971). In the Tecum-
seh Shale, Nereites is associated in the sanie bed with
Diplocraterion and, stratigraphically, with Tigillites. In
the Stull Shale, ?Nereites can be found within a few
meters of a coal deposit. It is therefore very difficult not
to consider Nereites as at least a restricted facies crossing
form. Seilacher (1974a, fig. 2) discussed the tightly
sinuous grazing pattern that developed in deep water
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forms of Nereites by the end of the Paleozoic. This pat-
tern is absent in the Tecumseh and Stull Shale specimens
and might serve as a way to distinguish shallow water
forms from deep water forms. However, Chamberlain
(1971a,b) figured specimens of Nereites that do not have
close meander systems from deep water deposits in the
upper Paleozoic of the Ouachita System.

Occurrence.-Stull Shale Member (Loc. 5) and Te-
cumseh Shale (Loc. 1, 3, 4a).

Ichnogenus PLANOLITES Nicholson, 1873
Plate 10, figures 4a,b

Type species.-P. vulgaris, by original designation.
Description.-Unilobate or tubelike structures, irregu-

larly intersecting the sediment surface. Preserved in con-
vex hyporelief, concave epirelief (as troughs), and full
relief. Up to 10 mm wide and several tens of millimeters
long.

Discussion.-Fodinichnia of infaunal worms.
Plan olites has become a catchall name for unilobate or

tubelike burrows. Osgood (1970, p. 375) discussed the

relationship of Planolites with the somewhat similar bur-
row Palaeophycus Hall (1847) and suggested that the

two ichnogenera be carefully and extensively restudied in
order to develop well-defined criteria for differentiating
between them. Osgood quoted Nicholson (1873) and

Nicholson & Hinde (1875) and tentatively distinguished
between the two ichnogenera by comparing the lithologies
of the burrow filling and the host rock. In Piano/lies, the

sediment of the burrow filling is different from that of

the host rock, suggesting active filling by the animal. In
Palaeophycus, both lithologies are the same, suggesting
passive burrow filling by inorganic processes. Possibly
this criterion could ease any future taxonomic snarls.
However, it is philosophically difficult and taxonomically
confusing to differentiate between the two ichnogenera
based upon the interpretation of the type of burrow
filling. In practice, variations in lithologies from burrow
to host rock might prove very difficult to use with any
great deal of confidence and success, as already empha-
sized by Osgood (1970, p. 376). Burrows produced in
thin-bedded sediments with alternating lithologies (i.e.,
fine-grained sandstone and clay) will be filled with mixed
sediment of both lithologies. In addition, a change in
deposition from sediment A to sediment B could cause

passive infilling by sediment B of burrows previously
produced in sediment A.

Frey & Chowns (1972) and Hàntzschel (1975) con-
sidered the general morphology of Palaeophycus to be
more variable than that of Planolites. Planolites is com-
monly a simple, cylindrical to subcylindrical burrow,
while Palaeophycus may be sinuous, gently curved, and

even branched. Until the two ichnogenera receive a de-
tailed restudy, perhaps these last criteria may serve best.

Planolites is a known facies-crossing trace fossil. It

has been recorded from the Skollthos to the Nereites
facies (Crimes, 1970, fig. 2). In the Upper Carboniferous
cyclothems of the Ruhr Valley, two ichnospecies of
Plan olites have been considered facies dependent. Non-
marine facies are represented by P. montanus Richter

(1937) and marine to brackish conditions by P. opthal-
moides Jessen, 1950 (Seilacher, 1963). P. montanus is
found in the Stull Shale. P. opthalmoides has not been
found in any of the units studied.

Occurrence.-Rock Lake Shale Member (Loc. 1, 3,
4b), South Bend Limestone Member (Loc. 3, 4, 5), Stull
Shale Member (Loc. 1, 2a, 2b, 4, 5, 8), and Tecumseh

Shale (Loc. 1, 3, 4a, 4b, 5, 6, 7b).

Ichnogenus RHIZOCORALLIUM Zenker, 1836
Plate 12, figure 5

Type species.-R. jenense, by monotypy.
Description.-Gently curved, protrusive, U-shaped

burrows with spreite; vertical or oblique to bedding plane,
or in bedding plane. Width of entire structure 55 mm
and over 180 mm long. External tube or burrow poorly
preserved and approximately 5 to 6 mm in diameter.

Discussion.-Domichnia of a suspension-feeding
animal.

Rhizocorallium can display well-developed scratch

marks, suggesting a crustacean producer (Weigelt, 1929;
Seilacher, 1955; Fürsich, 1974a, p. 22). Such scratch

marks are absent in the material described here. The
preservation of the specimen in Plate 12, figure 5 is poor,
and if scratch marks were produced, they have not been
preserved. The absence of scratch marks may be a reflec-
tion of sediment grain size and coherency (Fiirsich,
1974a, p. 22), as the coarser the sediment, the less likely
the preservation of fine detail in the burrow walls. The

lower part of South Bend Limestone is a calcite-cemented
sandstone (Moore & Merriam, 1965).

Only two specimens of Rhizocorallium have been
found, and they occur only along fracture surfaces. Their
discovery was somewhat fortuitous, as surface expressions
of the structures are difficult to observe. In both cases,

the limbs of the U-tubes were parallel to each other, and

the spreiten were obliquely protrusive.
Occurrence.-South Bend Limestone Member (Loc.

4).

Ichnogenus RUSOPHYCUS Hall, 1852
Plate 10, figure 5

Type species.-R. clavatus Hall (1852, p. 23), subse-
quent designation by S. A. Miller (1889, p. 138).

Description.-Smooth, bilobate, coffee bean-shaped
structure, approximately 4 mm by 8 mm, preserved in
convex hyporelief. Small raised ridge around margin of
trace.

Discussion.-Cubichnia of a small arthropod. The
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ridge around the trace is suggestive of the imprint of the
doublure of a trilobite.

Only one specimen was found in the Rock Lake Shale,
but other arthropod traces are associated with this speci-
men. Rusophycus has received extensive discussion, and
it is generally accepted to be of trilobite origin (Seilacher,
1955, 1970; Lessertisseur, 1955; Osgood, 1970; Crimes,
1970). Many larger forms of the ichnogenus are known
to possess series of scratch marks on their lobes. The size
of the material described here is much smaller than
"typical" specimens of Rusophycus, and therefore the
possibility exists that some arthropod other than a trilobite
was the producer. Seilacher (1970) claimed that the
only difference between some forms of Cruziana and
Isopodichnus was size (see Cruziana, and Isopodichnus).
Large Cruziana are considered to be marine indicators
and Isopodichnus, a freshwater indicator. A similar rela-

tionship may exist between large forms of Rusophycus
and this much smaller one.

Occurrence.—Rock Lake Shale Member (Loc. 3).

Ichnogenus SCALARITUBA Weller, 1899
Plate 10, figure 3

Type species.—S. missouriensis, by monotypy.

Diagnosis.—Segmented, troughlike trace, 3.2 mm
wide and about 20 mm long. Segmentation is the result
of transverse partitions, spaced irregularly (2.4 mm to
3.8 mm). Trace has a slightly curved path. Transverse
partitions are nearly parallel except where trace is curved,
and then spacing between partitions is less on the inside
of the arc than the outside. Likewise, the width of the
partitions tends to be thinner on the inside of the curve.
Preserved in concave epirelief.

Discussion.—This trace fossil is interpreted to be the
result of a worm burrowing within the sediment and
episodically back-filling the burrow, thereby creating the
transverse partitions. Similar interpretations have been
given by Seilacher & Meischner (1964), Conkin & Conkin
(1968), Chamberlain (1971a), and Hantzschel (1975).

Only one specimen has been found in the Rock Lake
Shale and it is not well preserved.

Seilacher & Meischner (1965, fig. 12) described the
ichnogenus from the moderately deep, below wave-base
Zoophycos facies of the Oslo region. It is also known
from the Zoophycos facies of the Ouachita Mountains
(Chamberlain, 1971b, fig. 6). Conkin & Conkin (1968,
p. 1), on the other hand, considered Scalarituba to be in-
dicative of tidal flat environments.

Occurrence.—Rock Lake Shale Member (Loc. 3).

Ichnogenus TIGILLITES Rouault, 1850
Plate Il  figure I : Plate 13, figure I

Type species.—T. dufrenoyi Rouault (1850, p. 741),
subsequent designation by Hintzschel (1962, p. W218).

Description.—Small, vertical tubes between 5 to 10
mm in diameter. Length commonly less than 20 mm.
Not closely packed. Cross sections of tubes visible in both

epirelief and hyporelief. Preserved in full relief.
Discussion.—Domichnia of small worms.
These burrows are similar to Sko/ithos Haldemann,

1840, because of their tubular morphology and orientation
with respect to bedding. However, they are touch larger
in diameter and are not as closely packed as Sko/ithos
(Westergard, 1931; Howell, 1943; Hallam & Swett,
1966).

There is some question whether Tigillites and Mono-
craterion Tore11, 1870, should be included under Sko/ithos
Haldemann. This problem was discussed by Frey &
Chowns (1972) and Hantzschel (1975), and there are no
well-defined dividing lines between the three ichnogenera.
All three consist of vertical tubes. Monocraterion always
possesses a funnel at its upper end. Tigillites may possess
a funnel which is absent in Skohthos. In funnel-less
forms, the vertical burrows of Skohthos are commonly
more closely packed than those of Tigillites. Frey &
Chowns (1972, p. 26) differentiated between Tigillites
and SOlithos by burrow diameter. Tigillites was inter-
preted to be the larger, and they did not consider burrow
density to be taxonomically important.

Specimens of Tigillites from both the Tecumseh and
Rock Lake Shales are preserved in thin-bedded sandstone
and the entire burrow morphology cannot be accurately
determined. Funnel-shaped structures have been found
in float from the Rock Lake Shale, but none have been
found to be directly associated with these vertical burrows.
No U-tubes have been discovered in the Rock Lake Shale,
and it seems likely that these funnels might be related to
Tigillites. This, however, has not been proved. Because
of the problem of preservation, the material described
here is assigned to Tigillites.

Tigillites in the Tecumseh Shale is preserved in both
physically and biogenically reworked sandstones. The
specimens from the Rock Lake Shale are preserved in
sediments that have not undergone noticeable reworking
by either physical or biologic processes.

Occurrence.—Rock Lake Shale Member (Loc. 4b) and
Tecumseh Shale (Loc. 4a).

?Ichnogenus TAENIDIUM Heer, 1877
Plate 11, figure 6

Type species.—T. serpentinum Heer (1877, p. 117),
subsequent designation by Hiintzschel (1962, p. W2I8).

Description.—Small, rodlike, unbranched structures
(about 0.5 to 0.7 mm wide, and several tens of millimeters
long) with well-developed transverse annulations, spaced
0.5 mm apart, preserved in convex epirelief.

Discussion.—Back-filled fodinichnia of in faunal
worms.

The environmental range of similar back-filled bur-
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rows has been reported from Ilysch facies (Heer, 1877;
von Libernau, 1900) to nonmarine sediments (Seilacher,
1963; Toots, 1967; Stanley & Fagerstrom, 1974). The
distribution of these burrows can certainly be considered
facies independent.

There are two similar ichnogenera considered valid by
Hantzschel (1975) with transverse annulations. They are
Keckia Glocker, 1841, and Taenidium Heer, 1877. Keckia
is much larger than Taenidium and the material described
here. Taenidium, on the other hand, is more similar in
size to the material described here but is commonly
branched. Because the Rock Lake Shale specimens do
not branch, they are tentatively assigned to Taenidium.

Occurrence.—Rock Lake Shale Member (Loc. 3, 4b).

Ichnogenus TEICHICHNUS Seilacher, 1955
Plate I I. figure 4

Type species.—T. rectus, by monotypy.
Description.—Bladelike spreite structures, 12 to 22

mm wide, over 0.1 m long, and approximately 50 mm
high, wider at base than near top. Lamellae of spreite
concave upward.

Discussion.—Fodinichnia of a wormlike animal.
No tube or burrow has been found within the spreite

except in areas at which the burrow bends upward and
intersects the bedding plane, where a circular burrow can
be observed. The downward curvature of the spreite
lamellae indicates that this and similar specimens of
Teichichnus were retrusive. Broadening of the spreite at
the base would probably indicate low rates of sedimenta-
tion, which allowed for some lateral migration of the
animal within its burrows. The narrower upper portion
might have resulted from a response to increased sedi-
mentation wherein the inhabitant of the burrow moved
rapidly upward in order to maintain a constant depth
within the substrate. Under such conditions, the animal
would have little time for lateral movements within its
burrow.

These trace fossils are similar to burrows of the recent
polychaete, Nereis diversicolor, as figured by Seilacher
(1957, fig. 2). Martinsson (1965, p. 218) described large
specimens of Teichichnus from the Cambrian of Sweden.
The base of these structures displayed a noticeable bilat-
eral symmetry which suggested to Martinsson an arthro-
pod origin for them. Forms of Teichichnus, similar to
those described here, are known from the Lower Carbon-
iferous of Great Britain (Chisholm, 1970, pl. 8, fig. 2),
and are preserved in sediment similar to that of the Stull
Shale. However, none of the Stull Shale teichichnians
possess scratch marks on their outer surfaces as do those
described by Chisholm.

Occurrence.—Stull Shale Member (Loc. 5, 8).

Ichnogenus TOMACULUM Groom, 1902
r=Syncoprtilus Richter & Richter, 1939, p. 1641

Figure 11; Plate 11, figure 5

Type species.—T. problematicum, by monotypy.
Description.—Rod-shaped structures with somewhat

rounded ends preserved in either concave epirelief or
concave hyporelief. Length is from 1.5 to 2.2 mm and
width from 0.3 to 0.5 mm. Most are straight, rarely
curved, and may or may not be associated with a ?vertical,
or subvertical burrow, 3 to 5 mm in diameter.

Discussion.—Molds of fecal pellets or coprolites.
There are many different types of coprolites mentioned

in the literature (Hantzschel et al., 1968). Probably the
most extensively studied are those produced by crustaceans
(Moore, 1933; Weimer & Hoyt, 1964; Bromley, 1967;
Shinn, 1968). Many crustacean fecal pellets are rod-
shaped. There is a distinct internal structure which is
especially well displayed in the fecal pellets of the Ano-
mura. This internal structure is taxonomically important
and is thought to be valuable in the identification of
probable producers (Briinnimann, 1972).

Since the material from the Rock Lake Shale is pre-
served as molds (concave epi- and hyporeliefs) and the
coprolites and their internal structures have been removed
by diagenetic processes, a definite crustacean origin can-
not be proven, such as with Favreina Briinnimann, 1955.

Coprolites similar to those of the Rock Lake Shale
have been described from the fossil record. The best
known is Tomaculum Groom, 1902. Tomaculum is
generally thought of as "strands" of "pellets" (Hantzschel,
1975, p. W143). Hofmann (1972, p. 194) reviewed the
synonymy of Tomaculum and pointed out that Groom
(1902, p. 127, 128) originally recognized as Tomaculum
individual "sausage-shaped" or "egg-like bodies" and not
strands of fecal pellets. If Groom's original definition is
rigorously applied, any "sausage-shaped bodies" of ap-
propriate size could be referred to Tomaculum, regardless
of their arrangement.

Rod-shaped coprolites have been described from many
different ages and have been found separately or asso-
ciated with many different types of burrows. Chamber-
lain & Clark (1973) figured a discrete mound of supposed
, `protobrachyurid" spoil from the Upper Pennsylvanian of
Utah, U.S.A. Goldring (1962, p. 240; 1971) found
"compressed flat ended cylinders" associated with the trace
fossil Diplocraterion in the Upper Devonian Baggy Beds
of Great Britain. Coprolites have tentatively been re-
ferred to Tomaculum by Calver (1973, pl. 2, fig. 2) in the
Westphalian of Great Britain. Similarly shaped fecal pel-
lets are also known to be associated with Diplocraterion
in the Jurassic of Great Britain and have questionably
been attributed to crustaceans (Fiirsich, 1974e, fig. 12c,d).
Small, ellipsoidal pellets are known to be present inside
the trace fossil Ouebecichnus Hofmann, 1972, from the

Lower Ordovician of Canada. Risk (1973, p. 1286) de-
scribed the feeding traces of probable echiuroids and
accumulations of fecal pellets from the Middle Thomld
Sandstone in Canada. His specimens, too, closely re-
semble the material described here. The pellets are ap-
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proximately 0.5 by 2 mm in size and are associated with

a burrow 3 to 4 mm in diameter. Both the size of the

pellets and the size and presence of the burrow conform

well with the Rock Lake Shale material. According to

Risk, echiuroids periodically expel quantities of fecal

pellets from their burrows. These pellets accumulate at

the mouth of thc burrow on the sediment surface and can

form cones up to 30 to 40 mm in height. However,

grazing trails similar to those produced by recent echiu-

roids on the sediment around their burrow openings are

absent from the Rock Lake Shale material. At this point

the analogy breaks down.

Orientation of coprolites.—The orientation of Toma-
culum varies significantly within the Rock Lake Shale.

At Locality 1, the northernmost outcrop (Fig. 4), the

coprolites fill ripple troughs and are aligned dominantly

with their long axes parallel to each other and the sur-

rounding ripple crests. Farther to the south, Locality 3

(Fig. 4), the same coprolites display no preferred orienta-

tion within the bedding plane.

Seilacher (1959, fig. I; 1973) interpreted the first type

of orientation as "wave orientation." Oscillatory wave

movement aligns the elongate bodies so that their long

axes are perpendicular to the direction of water movement

and parallel to the ripple crests and to each other. Wave

orientation has been described from the Upper Cretaceous

of Texas where the conical foraminifer, Haplostiche
texana, tills ripple troughs (Seilacher, 1960, fig. 7). Shells

are not the only objects that can be wave-oriented. During

low tide, along the beaches on the Georgia coast, it is

COPROLITE ORIENTATION

WAVE
	

BIOGENIC

Fie. H. Orientation of coprolites in the Rock Lake Shale. Left figure shows wave orientation, ripple trough filled with coprolites wh ose

long axes parallel trough axis, preserved in concave epirclief; Loc. 1, 261 measurements of coprolitc orientation in single trough, KUMIP
107,801. Right figure shows biogenic orientation, coprolites showing little preferred orientation within bedding plane. Loc. 3, 355 meas-

urements, on single specimen, KUMIP 108,843 (X1.9).
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common to find ripple troughs filled with the rod-shaped
coprolites of the ghost shrimp, Callianassa major (John
Warme, oral commun., 1975). This is apparently a
situation analogous to the accumulation of coprolites in
the Rock Lake Shale (Fig. 11). Current drifting of fecal
pellets is a common phenomenon in the recent environ-
ment, and there is no reason not to find evidence for the
removal of feces by currents in the fossil record. Some
animals solve their sanitation problems by producing
fecal pellets that can be carried away by currents. Animals
unable to perform this feat would soon suffocate in or
become infected by their own refuse (Schafer, 1972).

At Locality 3, the more random orientation of copro-
lites suggests that they were not reworked by currents.
In addition, circular burrows are commonly found asso-
ciated with these coprolites (Fig. 11; Pl. 11, fig. 5).
Since the coprolites associated with the burrows do not
appear to be transported, it is possible that they were
produced by the inhabitant of the burrow and dumped
at the burrow's mouth. The rod-shaped coprolites of
Callianassa major display similar orientation around the
mouth of the burrow (Weimer & Hoyt, 1964, pl. 123, fig.
2). The significance of the orientation of biologic particles
has been discussed in detail by Mailer (in press).

It is not suggested that Callianassa is the probable
producer of these coprolites (Tomaculum) in the Rock
Lake Shale, but possibly a similar type of animal. The
stratigraphie range of Callianassa does not extend back
past the Mesozoic (Shinier & Shrock, 1944). However,
Thalassinoides, a burrow commonly related to Callianassa,
is known from Late Pennsylvanian sediments (Chamber-
lain & Baer, 1973). The shape of Tomaculum in the Rock
Lake Shale and of recent callianassid fecal pellets are
similar. Therefore, there is no reason not to expect to
find Tomaculum similarly drifted and distributed.

Occurrence.—Rock Lake Shale Member (Loc. 1, 3).

?Ichnogenus TRICHICHNUS Frey, 1970
Plate 10, figure 2

Type species.—T. linearis, by original designation.

Description.—Fairly straight burrows less than 0.5
mm in diameter and over 50 mm long, preserved in con-
vex epirelief. Burrows may cross each other and are
oriented predominantly in a horizontal plane.

Discussion.—Combined dwelling-feeding burrow of a
deposit feeder (Frey, 1970, p. 20).

Frey (1970, p. 20) originally defined Trichichnus to
consist of "dominantly vertical, threadlike, cylindrical
trichichnid burrows" with "distinct walls, commonly
lined with diagenetic minerals." The material described
here is dominantly horizontal, is not cylindrical but
typically "halbform" and does not possess distinct walls,
composed of diagenetic minerals. It has therefore been
assigned only tentatively to Trichich nus. However, with

these differences in mind, striking similarities do exist.
Trichichnus can be horizontal. Frey's specimens and the
Rock Lake Shale forms are about the same size and
develop along the same straight course. They do not
possess well-defined constrictions or backfill structures,
which suggests that they were not produced by sediment
ingestion. A typical backfill burrow can be seen asso-
ciated with ?Trichichnus in Plate 10, figure 2, for com-
parison. Apparently, ?Trichichtzus was made by the dis-
placement of sediment around the body of a very small
organism.

Occurrence.—Rock Lake Shale Member (Loc. 4b).

MISCELLANEOUS BURROWS AND TRAILS

There are many different types of small, biogenic
sedimentary structures, within the three units studied,
that are not morphologically distinct or sufficiently abun-
dant to warrant formal taxonomic treatment. Many of
them are unique and do not resemble forms reported else-
where and could well be assigned new ichnogeneric
names. Based upon the material available, such action
does not seem reasonable. If more of these forms are
found in associated strata, then possibly a more formal
treatment would prove necessary. However, it is im-
portant to describe then-t and to mention their relation-
ships with other trace fossils.

ARTHROPOD TRAIL A
Plate 12, figure 3

Description.—Small, flat band (10 mm wide) with a
rounded end, preserved in convex hyporelief. The surface
of the trace is covered with a herringbone pattern of deli-
cate, straight ridges that originate from both edges of
the band, forming incomplete V's pointing toward the
rounded end. The ridges are spaced approximately 0.6 to
0.7 mm apart.

Discussion.—Combination cubichnia and repichnia of
a small arthropod. The direction of motion of the animal
would be in a direction away from the rounded end.

Occurrence.—Rock Lake Shale Member (Loc. 3).

ARTHROPOD TRAIL B
Plate 12, figure 4

Description.—Small, gently curved, bandlike structure,
approximately 5 mm wide and 24 mm long, preserved in
convex hyporelief. Lateral margins possess small, con-
verging ridges (1 to 1.5 mm long) spaced about 1 mm
apart. Ridges surround a smooth central band and are
oblique to margins of structure.

Discussion.—Repichnia of a small arthropod. Several
specimens have been found; most are poorly preserved.

The small ridges on the margins of the trail do not
extend across the smooth, central area. If extended, a
herringbone pattern reminiscent of Cruziana results. The
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V's of the herringbone would point opposite to the direc-
tion of locomotion (Seilacher, 1970). An arthropod trans-
versing the sediment and digging relatively deep into the

sediment with its appendages would produce a Cruziana
structure if the entire underside of the bed were preserved.
However, if the animal were to dig along the interface

between mud and overlying silt and were to dig into the

mud to such a depth that little of the overlying silt had
mixed with the mud, a slurry would result with a poor
potential for fossilization. The initial points of appendage
penetration in the silt near the edges of the carapace

margins would be the only distinctive feature. Such be-
havior would not necessarily mean that the animal bur-
rowed within the sediment but could have burrowed at
or near the sediment-water interface.

Variations in overall trace width and the length of

scratch marks on the margins of the structure may also be
explained by variations of the position of the animal's
body with respect to the mud-silt interface and depth of

penetration within the sediment. The initial points of
penetration of the appendages at the interface would
control the morphology of the scratch along the margins.
The deeper the penetration, the wider the trace and the

smaller the scratch marks. As the animal rose above the

mud-silt interface, longer ridges or scratch marks would
be preserved and the apparent width of the trail would
decrease. The trail in Plate 12, figure 4, is interpreted to
have been made by this process. The widest part of the

trace is its central region where the ridges are smallest.
This would correspond to the maximum burrowing pene-
tration of the organism with respect to the mud-silt inter-
face. At the upper end of the trace, the ridges are longer

and the trail width has decreased, suggesting that the
animal was increasing its distance from the interface.
Seilacher (1970, fig. 4) has demonstrated that trilobites

produce V-like scratch mark patterns from "tail down
ploughing" through the sediment. In such a position, an

arthropod could easily decrease its depth in the sediment.
Occurrence.—Rock Lake Shale Member (Loc. 2, 3).

BRANCHED BURROWS
Plate 13, figure 2

Description.—Small, branching structures about 1 to
2 mm wide and many millimeters long, commonly pre-
served in convex hyporelief. Each system commonly con-
tains only one branching which may form an angle up to
90 degrees.

Discussion.—Fodinichnia of an infaunal organism.
These burrows are similar to Chondrites. However,

they commonly display one bifurcation and not several as
is more usually the case with Chrondrites (Simpson,

1957).
Occurrence.—Rock Lake Shale Member (Loc. 2, 3,

4 1)) and Stull Shale Member (Loc. 5, 8).

CURVED BURROWS
Plate I I, figure 3

Description.—Small (approximately 3 min in diam-
eter), curved, cylindrical structures, preserved in both
convex hyporelief and convex epirelief. Commonly, these
structures lie within the bedding plane but can occa-
sionally intersect the bedding from above or below. It is
not uncommon to find these burrows will intersect each
ut her.

Discussion.—Fodinichnia of small infaunal worms.
These trace fossils arc found only at one locality in

the Tecumseh Shale (Loc. 4a) and then in only one well-
defined horizon.

Occurrence.—Tecumseh Shale (Loc. 4a).

GASTROPOD TRAIL
Plate 1 $ , figure 4

Description.—Small troughs (10 to 20 inm wide) with
raised margins, preserved in concave epirclief. Troughs
may be gently to highly sinuous or may form crude cir-
cular paths. Margins are not rounded but appear to over-
lap the sediment surface.

Discussion.—Pascichnia of a gastropod on the sedi-
ment surface.

Many types of gastropods are known to produce trails
similar to these along exposed areas of recent shorelines
(Abel, 1935, fig. 176, 180, 181, 213; Baldwin, 1974, fig. 2).

Occurrence.—Tecumseh Shale (Loc. 1, 6).

LOOP BURROW
Plate 11, figures 2a,h

Description.—Small, circular, loop-shaped burrow pre-
served in convex hyporelief. The diameter of the loop is
from 3.2 to 3.5 mm. Width of burrow is between 0.2
and 0.6 mm.

Discussion.—These loops represent the infaunal activ-
ity of small worms. The reason for this behavioral activity
is not understood, but it is probably a feeding burrow
(fodinichnia).

Two specimens have been found which are nearly the
same overall size but have different burrow diameters.
The larger burrow (Pl. 11, fig. 2a) has about the same
burrow diameter as many of the small, nondescript bur-
rows found in the Rock Lake Shale. Some of these
burrows are curved and even partially sinusoidal. It may
be possible that these loop burrows may in some way be
related to Cochlichnus, also found in the Rock Lake Shale.
Richter (1927, fig. lc) illustrated a small, sinusoidal "free
meander" produced in moist sand by the recent worm,
Eteona longa. The burrow originates as a loop that
changes quickly into a sinusoidal form. The burrow
diameter is similar to that of the Rock Lake Shale speci-
men. However, the loop is open rather than closed.
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Glaessner (1969, fig. 5F) figured a loop-like burrow from
the Lower Cambrian of Australia that is similar to the
Rock Lake specimen. Glaessner considered his material
to belong to the Cruziana facies.

Incomplete loops, somewhat similar to those in Plate
11, figure 2b, have been described from the Nama Group
of Southwest Africa (Germs, 1972, pl. 1, fig. 5). The
diameter of the African specimen is approximately the
same as that of the Rock Lake specimens, as is the burrow
diameter. Germs considered these burrows to have been
made in the Cruziana facies of Seilacher (1967).

Occurrence.-Rock Lake Shale Member (Loc. 3).

MEANDERING TRAIL
Plate 13, figure 5

Description .-Meandering trace, approximately 7 mm
wide, preserved in convex epirelief. Lateral margins of
structure display troughlike depressions. Meanders do
not intersect.

Discussion.-Pascichnia of an infaunal ?worm.
Occurrence.-Stull Shale Member (Loc. 5, 8).

MOTTLED BURROWS
Plate 12, figure 2

Description .-Small, gently curved burrows several
millimeters in diameter and several centimeters long. Bur-
rows are close to each other and may intersect; they
randomly intersect bedding planes. High burrow densities
can completely destroy original depositional structures.

Discussion .-Fodinichnia of infaunal worms.

Two distinct burrow-mottled zones are found: I) at
the top of the Rock Lake Shale (Loc. 4a) and 2)
at one distinct horizon within the Tecumseh Shale
(Loc. 4a) near Lake Perry. in both cases, the mottling
has local distribution. Generally, it is difficult to deter-
mine if intense bioturbation is the result of high infaunal
abundance and activity, slow sedimentation rates, or a

combination of these factors (Middlemiss, 1962). The
surrounding strata display abundant bioturbation struc-
tures, but to a lesser degree, it is probable that these
bioturbation zones reflect periods of sedimentation that
were lower than usual for both the Rock Lake and
Tecumseh Shales.

Occurrence.-Rock Lake Shale Member (Loc. 4a, 4b)
and Tecumseh Shale (Loc. 4a, 7a).

PLOWING TRAILS
Plate 13, figure 3

Description.-Small, approximately 10 mm wide, fur-
rows with irregular, raised margins, preserved in concave
epi relief.

Discussion.-Repichnia of small ?worms.

Very few of this type of trace fossil have been found.
The irregular margins appear to reflect furrowing through
the top layer of sediment by an organism.

Occurrence.-Rock Lake Shale Member (Loc. 1).

RESTING IMPRESSION
Plate 3, figure la: Plate 12, figure I

Description .-Small, subhemispherical structures, up
to 15 mm in diameter, preserved in convex hyporelief.
Occasionally, corresponding depressions in epirelief can
be found in very thin-bedded sediments.

Discussion .-Cubichnia of small, soft-bodied organ-
isms.

These types of trace fossils are quite common in the
Rock Lake Shale. In cross section, it is possible to observe
that the structures are filled with sediment, which then
has been covered by a thin layer of sediment (PI. 12, fig.
1). Since this layer is continuous, it suggests that the
producer of the trace fossil abandoned its resting place
prior to the deposition of the upper layer.

Occurrence.-Rock Lake Shale Member (Loc. 3, 4b).
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APPENDIX

GEOGRAPHIC LOCATIONS OF
MEASURED SECTIONS

LOCALITY

NUMBER
	

TOWNSHIP AND RANGE
	

COUNTY

ROCK LAKE SHALE AND SOUTH BEND LIMESTONE

1	 SE% SW% sec. 30, T. 9 S., R. 23 E.	 Leavenworth
2	 SW% SW% sec. 1, T. 11 S., R. 22 E.	 Leavenworth
3 NW% NW% sec. 8, T. 11 S., R. 23 E.	 Wyandotte
4	 SE% NW % sec. 18, T. 11 S., R. 23 E.	 Wyandotte
5	 NE% sec. 20, T. 13 S., R. 21 S.	 Douglas

STULL SHALE
1	 SE% NW% sec. 24, T. 8 S., R. 21 E.	 Jefferson
2	 NW% SE% sec. 8, T. 11 S., R. 18E.	 Jefferson
3	 SW% SW% sec. 13, T. 12 S., R. 18 E.	 Douglas
4 NW% NW% sec. 24, T. 12 S., R. 18 E.	 Douglas
5	 SE% SW% sec. 13, T. 12 S. R,. 18 E.	 Douglas
6	 SE'/4 sEVI sec. 13, T. 12 S., R. 18 E.	 Douglas
7	 SW% SE% sec. 18, T. 12 S., R. 19 E.	 Douglas
8	 SW% SW'/4 sec. 26, T. 12 S., R. 18 E.	 Douglas

TECUMSEH SHALE
1	 SE% NE% sec. 10, T. 10 S., R. 18 E.	 Jefferson
2	 SW % SW% sec. 11, T. 10 S., R. 18 E.	 Jefferson
3	 NW 11/4 NW% sec. 34, T. 11 S., R. 18E.	 Jefferson
4	 SE% SE% sec. 3, T. 11 S., R. 18E.	 Jefferson
5	 SE% SW% sec. 8, T. 11 S., R. 18 E.	 Jefferson
6	 NW 1/4 NW% sec. 17 . T. 11 S., R. 18 E.	 Jefferson
7	 NW 'A NW 1/4 sec. 22, T. 12 S., R. 18 E.	 Douglas
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EXPLANATION OF PLATES

PLATE 1
FIGURE

I. Asteriacites.—la. Convex hyporelief. Rock Lake Shale (Loc.
4), KUM1P 107,819, X3.7. lb. Convex hyporelicf. Numer-
ous impressions; arm structure of producer visible in specimen
in lower left. Rock Lake Shale (Loc. 3), KUM1P 107,830,
X2.7. lc. Concave epirelief; depression made by animal
after leaving its resting place. Rock Lake Shale (Loc. 4),
KUMIP 107,813, X3.4.

2. Arenicolites.-2a. Convex hyporelief. Limbs of U-tube pro-
trude from bedding plane; basal curvature of U-tube missing.
South Bend Limestone (Loc. 1), KUM1P 107,852, X1.0. 
2b. Epirelief; tops of U-tubes at bottom margin of figure.
Tecumseh Shale (Loc. 4), KUMIP 107,802, X1.9.-2c.
Cross section of figure 2b showing U-tube. Tecumseh Shale
(Loc. 4), KUM1P 107,802, X1.9. 2d. One limb of U-tube
near basal curvature, in lower part of picture, displaying con-
centric packing of sediment an und tube. South Bend Lime-
stone (Loc. 1), KUM1P 107,852, XI.4.

PLATE 2
FIGURE

I. Bo-garter-M. I a. PLI II relief; stereo pair, side view. Rock
Lake Shale (Loc. 4), KUMIP 107,792, X2.7.—lb. Concave
epirelief; stereo pair, depression in sediment beneath Bergatteria
structure. Rock Lake Shale (Loc. 4), KUM11' 107,971, X1.7.
 lc. Side view of figure Id showing deformation of sedi-
ment beneath Bergatteria. Rock Lake Shale (Loc. 4), KUMIP
107,790, X2.2.-1d. Epirelief. Rock Lake Shale (Loc. 4),
KUM1P 107,790, X2.2.

2. Curvolithus.-2a. Convex epirelief. Rock Lake Shale (Loc.
4), KUM11' 107,824, X4.5.-2b. Convex hyporelief. Rock
Lake Shale (Loc. 4), KUM1P 107,804, X2.7.

3. Attlichnites.—Convex epirellief. Stull Shale (Loc. 8), KUM1P
107,842, X 0.9.

PLATE 3
FIGURE

I . Chevronichnus imbricatus Hakes, ichnogen. nov., ichnosp. not , .
 la. Concave epirelief; circular chevron trail originating
from Lockeia in lower right; circular depressions are resting
impressions. Rock Lake Shale (Loc. 4), KUM1P 107,822, X2.3.
—lb. Concave epirelief; gently sinuous, crossing chevron
trails without Lockeia at either end. Rock Lake Shale (Loc. 4),
KUMIP 107,807, X2.7.

PLATE 4
FIGURE

I. Chevronichntos Hakes, ichnogen. not ,. la. Concave epi-
relief; gently curved trail, ending with Lockeia at left. Points
of chevrons aim in direction of motion as suggested by shove
marks in sediment to left of Lockeia; producer apparently
moved from right to left. Rock Lake Shale (Loc. 3), KUM1P
107,876, X4.5. lb. Recent Cardium edule transversing
sediment, leaving a V-shaped path behind. Compare with figure
la (Abel, 1935, fig. 217, by courtesy of Gustav Fischer Verlag,
Stuttgart). Scale not given.

2. Chondrites.-2a. Convex epirelief; enlargement of right half
of figure 2c showing numerous bifurcations. South Bend Lime-
stone (Loc. 1), KUMIP 107,854, X1.5.-2b. Convex hypo-
relief; two sets of bifurcations. Rock Lake Shale (Loc. 4),
KUMIP 107,815, X2.9.-2c. Convex epirelief; interrelation-
ships of numerous Chondrites systems. Main shafts can be seen
to curve upward into overlying sediment. South Bend Lime-
stone (Loc. 1), KUMII' 107,854, X0.7.

3. Didymaulichnus.—Convex hyporelief. Rock Lake Shale (Loc.
4), KUMIP 107,834, X2.0.

PLATE 5
FIGURE

I • Cruziana. 	 Convex hyporelief; stereo pair, scratch marks
well displayed. Rock Lake Shale (Loc. 3), KUMIP 107,829,
X2.3.

2. Conostichus. 	 2a. Full relief; stereo pair, top view. Rock
Lake Shale (Loc. 4), KUMIP 107,793, X2.3. 	 -2b. Full
relief; stereo pair, bottom view of specimen in figure 2a. Rock
Lake Shale (Loc. 4), KUMIP 107,793, X2.5.

3. Diplocraterion. 	 3a. Hyporelief; bedding plane showing
paired burrows with spreite between them. To right of ham-
mer, paired Arenicolites tubes with sediment-packed walls
(drawn from a photograph). South Bend Limestone (Loc. 1),
X0.2. 3b. Concave epirclief; paired tubes with spreite.
Tecumseh Shale (Loc. 4), KUM1P 107,849, X1.4.

4. ?Gyrochorte. 	 Convex epirelief. Rock Lake Shale (Loc. 3),
KUMIP 107,839, X3.4.

5. Cochlichnus.—Convex ep i rel ic f ; sinusoidal burrow "orig-
inates" from circular structure at left. Two Lockeia are present
in left and upper part of figure. Rock Lake Shale (Loc. 4),
KUMIP 107,817, x3.0.

PLATE 6
F IGURE

• Conostichus. 	 la. Full relief; stereo pair, side view. Rock
Lake Shale (Loc. 4), KUMIP 107,794, X 1.8.—lb. Cross
section; no burrow structure is evident below depression at
center top. Rock Lake Shale (Loc. 4), KUM1P 107,796, X2.5.
— 1c. Cross section; structureless interior. Rock Lake Shale
(Loc. 4), KUMIP 107,797, X2.8.

2. Isopodichnus.-2a. Convex hyporelief; shows relationship of
large and small specimens of /sopodichnus. Rock Lake Shale
(Loc. 3), KUMIP 107,848, X2.9. 	 2b. Concave epirelief;
convex hyporelief, Isopodichnus below these grooves. Rock
Lake Shale (Loc. 3), KUM1P 107,846, X3.2.

3. Lockeia.—Convex hyporelief. Rock Lake Shale (Loc. 4),
KUMIP 107,824, X1.6.

4. Cf. Lorenzinia.—Convex epirelief. Rock Lake Shale (Loc.
3), KUMIP 107,847, X2.1.

5. Lingtdichnus verticalis Hakes, iclznogen. nov., ichnosp. nov.
— Convex epirelief; sediment packing around burrow. Rock
Lake Shale (Loc. 3), KUM1P 107,835, X2.7.

PLATE 7
FIGURE

I. Lingulichnus verticalis Hakes, ichnogen. nor., ichnosp. nov.
 All specimens Rock Lake Shale (Loc. 4), KUMIP 107,820.
—la. Epirelief; stereo air, X3.6.—lb. Full relief; stereo
pair, side view, X3.2.-1c. Hyporelief; stereo pair, circular
burrow in center, X3.2.

2. Isorodichrms.—Convex hyporelief; Isopodichnus developed
on top of Lingula valve; Lockeia to left of Lingo/a. Rock Lake
Shale (Loc. 3), KUM1P 107,832, X3.6.

PLATE 8
FIGURE

I. Margaritichnus. 	 la. Cross sectional view; compressed balls
on top and bottom of bed connected to each other by cylindrical
shaft. South Bend Limestone (Loc. 4), KUM1P 107,806, x1.4.
— lb. Cross sectional view; sac-like structures beneath balls
on surface. South Bend Limestone (Loc. 5), KUM1P 107,798,
X1.4. 	 lc. Convex hyporelief; ball inside ball in lower right
hand corner. South Bend Limestone (Loc. 5), KUM1P 107,877,
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X1.1.	 Id. Convex hyporelief; balls arranged in curved path
but do not touch. South Bend Limestone (Loc. 5), KUMIP
107,851, X0.7. le. Convex hyporelief; balls touching each
other in upper right corner. South Bend Limestone (Loc. 5),
KUMIP 107,877, X1.1.

2. Fucusopsis.-2a. Convex hyporelief; shows intersecting rela-
tionships. Circular burrows in upper right and middle left are
Tigillites. Tecumseh Shale (Loc. 4), KUMIP 107,857, X2.1.
 2b. Convex hyporelief. Tecumseh Shale (Loc. 4), KUMIP
107,856, X1.1.

PLATE 9
FIGURE

I. Neonereites biserialis.-1a. Convex hyporelief; sinuous course
of N. biserialis. Tecumseh Shale (Loc. 4), KUMIP 107,860,
X0.9.-16. Cross section; arrows point to two lobes of trace
fossil. Cross bedding of sediment above lobes is undeformed by
bioturbation. Tecumseh Shale (Loc. 4), KUMIP 107,858, X4.5.
— lc. Convex hyporelief; enlarged view of upper half of
specimen in figure la. Tecumseh Shale (Loc. 4), KUMIP
107,860, X2.3.

2. Nereites. 	 2a. Convex epirelief; packing of lateral lobes well
displayed. Tecumseh Shale (Loc. 4), KUMIP 107,869, X2.0.
— 26. Cross section; central burrow with bioturbated lower
margins, which form lateral lobes. Tecumsh Shale (Loc. 4),
KUMIP 107,861, X5.2. 	 2e. Convex cpirelief; lateral lobes
and central burrow well displayed. Trace fossil changes shape
as it intersects ripple crest. Tecumseh Shale (Loc. 4), KUMIP
107,805, X1.2.-2d. Convex hyporelief; poor definition and
low relief of Nereites produced slightly below top of bedding
Plane. Tecumseh Shale (Loc. 3), KUMIP 107,867, X2.2.

PLATE 10
FIGURE

1. Microspherichnus linearis Hakes, ichnogen. nov., ichnosp. not , .
	la. Convex epirelief; balls disappear as trace fossil crosses
crest of ripple mark in center of figure. Rock Lake Shale (Loc.
3), KUMIP 107,831, X3.2. 	 lb. Convex epirelief. Rock
Lake Shale (Loc. 4), KUM11' 107,823, X3.2.

2. ?Trichichnus.—Convex epirelief; larger Planolites burrow in
upper left, arrow points to back-fill burrow, ?Taenicliton. Rock
Lake Shale (Loc. 4), KUMIP 107,818, X2.0.

3. Scalarituba.—Concave epirelief. Rock Lake Shale (Loc. 3),
KUM1P 107,833, X3.3.

4. Planolites. 	 4a. Convex hyporelief. Stull Shale (Loc. 5),
KUMIP 107,873, X3.0.-46. Convex hyporelief. South
Bend Limestone (Loc. 5), KUMIP 107,863, X0.7.

5. Rusophycus. 	 Convex hyporelief; Lockeia in lower right cor-
ner. Rock Lake Shale (Loc. 3), KUMIP 107,836, X4.9.

PLATE 11
FIGURE

1. Tigillites. 	 Epirelief; Rock Lake Shale (Loc. 4), KUMIP
107,814, X2.3.

2. Loop burrow.	 2a. Convex hyporelief. Rock Lake Shale
(Loc. 3), KUMIP 107,828, X4.5.-2b. Convex hyporelief.

Rock Lake Shale (Loc. 3), KUMIP 107,838, X4.8.
3. Curved burrows.—Convex hyporelief. Tecumseh Shale (Loc.

4), KUMIP 107,859, X1.0.
4. Teichichnus.—Cross sction perpendicular to burrow direction.

Stull Shale (Loc. 8), KUMIP 107,810 tk. 107,811, X1.8.
5. Totnacrilum.—Concave epirelief; small burrow in upper left.

Rock Lake Shale (Loc. 4), KUMIP 107,809, X3.6.
6. ?Tacnidium.—Convex epirelief; morphology changes as bur-

row intersects ripple crest. Rock Lake Shale (Loc. 4), KUMIP
107,807, X2.7.

PLATE 12
FIGURE

I. Resting impressions.—Cross section; overlying sediment is
undeformed. Rock Lake Shale (Loc. 4), KUMIP 107,799,

X3.1.
2. Mottled burrows.—Side view. Tecumseh Shale (Loc. 4),

KUMIP 107,800, X2.0.
3. Arthropod trail A.—Convex hyporelief; small Curvolithus in

lower right. Rock Lake Shale (Loc. 3), KUMIP 107,837, X2.7.
4. Arthropod trail B.—Convex hyporelicf. Rock Lake Shale

(Loc. 3), KUM1P 107,845, X3.9.
5. Rhizocorallittn2.—Full relief. South Bend Limestone (Loc.

4), KUMIP 107,827, X0.9.

PLATE 13
FIGURE

1. Tigillite.f. 	 Side view. Tecumseh Shale (Loc. 4), KUM1P
107,803, x2.3.

2. Branched burrows.—Convex hyporelief. Stull Shale (Loc.
8), KUMIP 107,840, X0.5.

3. Plowing trail. 	 Epirelief; dark flecks arc plant fragments.
Rock Lake Shale (Loc. 4), KUMIP 107,804, X0.8.

4. Gastropod trail. 	 Small scale ripple marks in lower left. Te-
cumseh Shale (Loc. 6), KUMIP 107,880, X1.2.

5. Meandering trail.—Convex epirelicf. Stull Shale (Loc. 5),
KUMIP 107,874, X0.9.

6. Tool marks.—Convex hyporelief. Rock Lake Shale (Loc. 3),
KUMIP 107,844, X3.8.
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