THE ICHNOGENUS BEACONITES AND ITS
DISTINCTION FROM ANCORICHNUS AND
TAENIDIUM

by D. G. KEIGHLEY and R. K. PICKERILL

ABSTRACT. Beaconites is a trace-fossil name that has been adopted ndiscrimmantly for unlined, lined,
unwalled, thinly walled, and thickly walled, meniscate backfilled burrows. The confusion is further exacerbated
by the inconsistent use of the terms “wall” and ‘lining’. A wall and a lining (a type of wall) are herein restricted
to features actively constructed by the burrower, and are considered distinct from peripheral features produced
by simple excavation or during locomotion. Diffcrences in the type of meniscate backfilling arc also recognized,
and may assist in the distinction of ichnotaxa. Beaconites, and hikewise the type ichnospecies B. antarcticus, is
a lined (walled) meniscate trace fossil; B. barretti, the ichnospecies most popularly assigned to the ichnotaxon,
is actually unlined and unwalled. and cannot therefore be included within Beaconites. Recent emendments to
Taenidiion describe it essentially as an unlined meniscate backfilled burrow. The diagnosis of Taenidium s,
however, further emended to clarify that it is an unwalled structure. Forms previously assigned to B. barretti
can therefore be included within Taenidiiun as T. barretti. Emendments to the original diagnosis of Ancoriclinus
describe this trace fossil as a walled ichnotaxon. Thesc emendments are rejected because this would place the
ichnogenus in junior synonymy with Beaconites ; instead, the original diagnosis of Ancoriclinus is re-established.
Two ichnospecies, A. capronus and A. coronus arc, nevertheless, considered to be separate ichnospecies of
Beaconites, namely B. capronus and B. coronus. The type ichnospecies, A. wicoriclnus, 1s distinguished by a
structured mantle peripheral to a meniscate core. The mantle 1s not considered as a wall structure since 1t is
formed by the locomotive bchaviour of the burrow producer.

SEVERAL authors have commented upon the ichnotaxonomic problems associated with meniscate
trace fossils. For example, Frey er al. (1984) discussed Ancorichnns Hemberg, 1974, and Scoyenia
White, 1929: D’Alessandro and Bromley (1987) discussed both AMnensteria Sternberg, 1833, and
Tacenidinm Heer, 1877. These authors, with, for example, Squires and Advocate (1984), O’Sullivan
et al. (1986), Brick (1987) and Gordon (1988) also suggested that further synonyms may exist for
these and other meniscate trace fossils, including Beaconites Vialov, 1962,

One of the major problems with addressing the potential synonymies of Beaconites is the nature
of this ichnotaxon’s margins, its internal structure and, to a lesser extent, its overall size and
orientation. Such diagnostic criteria (‘ichnotaxobases’; Bromley 1990) have been confused and
applied indiscriminately within Beaconites. Accordingly. Beaconites has been variably described as
a small, walled meniscate burrow (Vialov 1962), a large welted meniscate burrow (Hantzschel 1975),
a smoothly-lined meniscate burrow (Bradshaw 1981), an unlined meniscate burrow (Frey er al.
1984 Squires and Advocate 1984; Briick er o/. 1985), and a weakly or unwalled meniscate burrow
(D’Alessandro and Bromley 1987).

Since many of the terms employed in distinguishing Beaconites and related ichnotaxa have thus
been used with different or occasionally (and more problematically) unspecified meanings, the
terminology adopted for this contribution is initially summarized. The diagnostic criteria of
Beaconites are then re-examined, particularly regarding its distinction from the morphologically
similar ichnotaxa Ancorichnns and Taenidimnn. This is followed by revised synonymy listings for
Ancoriclims, Beaconites, and Taenidim.
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TERMINOLOGY

Backfill structure (backfilled burrow)

Bioturbation in softgrounds caused by the active redeposition of sediment (active fill) immediately
behind a burrowing animal. Essentially, it is produced by the axial migration of a burrow that itself
is not preserved (Bromley 1990). In contrast, an open burrow is occupied and maintained by an
animal and passively (or occasionally actively) filled later (Bromley 1990, p. 266). Backfilling
probably assists in the organism’s forward movement (Chamberlain 1971a; Heinberg 1974) and the
transport of such material to the rear of the producer may occur either externally, around the
burrower, or internally through the digestive tract. The backfill may therefore contain both faecal
and nonfaccal components.

Boundary

The sharp or diffuse interface between the host sediment and the bioturbation structure. In contrast,
the outline or margin (herein used interchangeably) are more general terms describing the outermost
part of the trace fossil and may include the boundary, wall, mantle, some other peripheral structure,
or a combination of these structures.

Branching
Four types of branching (sensu lato) have been recognized (D’Alessandro and Bromley 1987). Of

these, “false’ and *secondary successive” branching are applied to trace fossils that only apparently
ramify and are not truly branched.

Wall

A feature actively constructed by a burrowing organism to help provide the animal with temporary
or permanent protection from the external environment. In more permanent dwelling burrows the
wall might seal off permeability, allow canalization of the irrigation stream (Schiifer 1956) or prevent
burrow collapse. In backfilled structures the need for a constructional wall is of little importance,
since the “burrow’ is not permanent and is immediately closed off behind the producer. Note that
the simple excavated boundary of a burrow is not a wall in the true sense because there has been
no active construction, only excavation. A true wall may be simple or complex, thin or thick, and
may be composed of compacted sediment, a sediment lining, pelletal. faecal, skeletal or vegetational
material, or a combination of such (Text-fig. 1a-B).

Lining

A type of wall structure formed by the active or passive attachment of typically fine-grained material
to mucus, applied by the producer to the interior side of its burrow. It is observed as the inner part
of a complex wall or, alternatively, as the only wall structure produced (Text-fig. 1A, and Bromley
1990, p. 20, fig. 2.7). A lining in a backfilled structure would probably only be actively produced as
a by-product of selective sediment sorting by the burrower (Clifton and Thompson 1978), or
passively accumulated on mucus secreted locally to assist passage of a soft-bodied organism through
the substrate.

Mantle

The outer zone of a two-zoned burrow fill (Text-fig. 18). Heinberg (1974, p. 10) explained that this
feature is’ formed by a burrowing organism’s hydrostatic anchor for the purpose of forward
locomotion. Mantles are not constructed as insulation against external conditions or to ease passage
through the substrate, but are actual locomotory evidence of such passage. Therefore, as pointed
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TEXT-FIG. 1. Morphological features of burrows. A, vanous types of wall construction (note that a lining is a

type of wall). B, various typcs of unwalled burrow margins; (1) and (ii) are backfilled structures and hence not

“burrows’ in the strictest sense; (i) 1s a simple excavated burrow ; no construction has occurred at the burrow
boundary and so it is classed as being “unwalled’. ¢, styles of meniscate backfill.

out by Heinberg (1970) and reiterated by Bromley (1990, p. 149), the mantle is *conceptually distinct
from a true burrow wall’.

Meniscus

This term is utilized in a more restrictive sense than its Greek derivation of “shaped like a crescent
moon’, being limited to a transversely-oriented, arcuate to almost chevron-shaped, internal
interface that is observed on a surface trail in plan view, or in axial cross-section in a burrow or
backfilled structure. In this definition, use of the term ‘internal interface’ emphasizes the two-
dimensional nature of a meniscus. It has no longitudinal dimension (i.e. it appears as a thin line
running transversely across the structure). The concave side marks the direction in which the
producer is travelling (Text-fig. 1¢). The meniscus is produced by the termination of an episode of
material backfilling behind the burrower.

Between successive menisci, the amount of backfilling that can occur i1s vanable (Text-fig. 1¢). If
the amount of material processed is large, a bullet-shaped compartment, or meniscate packet, of
material is produced. With less material present between successive menisci, a three-dimensional,
dish-shaped compartment forms. In cross-sectional view, menisci converge at the margin of the
structure forming cusps, and the general appearance is that of a crescent (meniscate segment). A
third style of meniscate backfill comprises a non-compartmentalized meniscate backfill, where



308 PALAEONTOLOGY, VOLUME 37

menisci are too densely, or diffusely, stacked for separate segments or packets to be recognized. A
packet is most likely the result of a single excretory event (whether the packet contains visible
organic waste in the form of pelleted aggregates, or not), whereas non-compartmentalized backfill
may represent more continuous external backfilling (with or without scattered, intermixed, faecal
pellets). Potentially, the three types of meniscate fill are part of an intergradational sequence
dependent on how much material is processed, stuffed or excreted, and compacted behind the
animal as backfill at any one time between periods of forward locomotion. Meniscate backfill may
be homogeneous whereby the backfill (compartmentalized or not) is essentially of the same uniform
composition (sediment or faecal) throughout the structure. Alternatively, the backfill may be
heterogeneons, whereby more than one type/grain-size of internally or externally processed
sediment (and/or faecal material) is present or was presumed originally to be present before being
weathered out. Physical transport outside the body of the animal may itself provide for alternating
meniscate composition by way of the physical or compositional sorting of the sediment by the
organism (D’Alessandro and Bromley 1987; Pickerill 1989).

DIAGNOSTIC CRITERIA OF BEACONITES

The nature of the margin in a burrow or backfill structure, together with the presence or absence
of branching, are the significant primary diagnostic criteria at the ichnogeneric rank for the
distinction of most meniscate trace fossils, as emphasized by D’Alessandro and Bromley (1987),
D’Alessandro et al. (1987) and Bromley (1990). Factors such as lithology or geographical
distribution should not be considered as criteria for identifying Beaconites or any other ichnotaxon,
because they are contrary to the concept of ichnotaxobases (Pemberton and Frey 1982; Bromley
1990 ; Pickerill 1994). The following discussion concentrates on the true nature of the burrow outline
in  Beaconites, and attempts to clarify problems in the diagnosis and differentiation of
morphologically similar ichnogenera, particularly Taenidiim and Auncorvichnns.

Beaconites as a walled meniscate trace fossil

Although based solely on photographs rather than specimens or field observations, Beaconites was
validly erected by Vialov (1962, p. 727). In the preamble to his diagnosis, he stated that the walls
were ‘fine” and ‘clearly distinguishable’. Although Vialov’s definition of a “wall” was not provided,
his comments are best interpreted as meaning an actively constructed wall comprised of fine-grained
material, or a tubular lining, as the terms are utilized herein. Bradshaw (1981, p. 630), in emending
the ichnogeneric diagnosis, similarly noted that the ichnotaxon was distinguishable as “tubular
burrows’ with a smooth burrow lining. This same construction, occurring as a sand lining, was also
noted in her emended diagnosis of the type ichnospecies B. autarcticns Vialov, 1962. Such
characteristics have also been used consistently by other workers (e.g. Webby 1968 O'Sullivan et al.
1986; Woolfe 1990; Sarkar and Chaudhuri 1992) in their interpretation of Beaconites. The
presence of a lined wall is therefore a primary diagnostic criterion for the definition ol this trace
fossil.

Despite Vialov’s (1962) original diagnosis and Bradshaw’s (1981) emendment, several subsequent
authors (e.g. Frey et al. 1984 Squires and Advocate 1984) considered the ichnogenus to be unlined
or unwalled. Accordingly, they suggested that Beaconites might be a junior synonym of some other
unwalled meniscate burrow. D’Alessandro and Bromley (1987, p. 751) also initially considered the
ichnotaxon as dubious, *...having a weak wall or none at all, and it should probably be included
in Taenidinnn’. In contrast, they later commented that B. antarcticus seemed to have a wall, and that
details of the burrow boundary, from photographs, topotypic material, and descriptions, were
unclear (D’Alessandro and Bromley 1987, p. 757). Examination of unweathered material was
therefore considered to be necessary before the relationship between Beaconites and Ancorichnus or
Taenidinm could be clarified. It is, however, difficult to visualize how examination of unweathered
specimens would alleviate nomenclatural difficulties since, if Bradshaw’s (1981) specimens are
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considered to be too badly weathered, and Vialov’s (1962) material was never collected, it cannot
be ascertained what type of marginal structure constituted the original Beaconites (and assignment
of new material would depend on the diagnoses of the original ichnotaxa). As with many ichnotaxa
proposed in the nineteenth century, ichnologists have only the original diagnosis and illustrations
to work with. From both the validly introduced original and emended diagnoses, Beaconites must
remain a walled meniscate burrow.

The confusion over whether Beaconites was a walled or unwalled burrow probably persisted not
only due to poorly defined terminology but also because of inclusion within it of large meniscate
forms. Gevers et al. (1971) were the first to consider large meniscate burrows as B. antarcticns,
possibly on the mistaken belief that Vialov’s (1962) specimens could attain a diameter of 150 mm.
In comparing their giant forms with other large burrows, they noted (Gevers et ¢/. 1971, p. 83) that
their largest examples ‘compare in dimensions with the largest (150 mm) of B. autarcticus as
described by Vialov'. The largest specimens described by Vialov (1962) were, however, no larger
than 15 mm in diameter. Gevers e al. (1971) also suggested that nomenclatural distinction from
Vialov's (1962) specimens might be justified at the ichnospecific level, but that this distinction
should be based upon significant differences in both the thickness of the meniscate packets, and in
the “septal’ (meniscate) shape. One of the differences they failed to recognize, however, was the
contrast in the outline of the trace fossil between their material and the type specimen of
B. antarcticus. They interpreted the coalescing ‘ridges” (individual meniscate segments) at the
margin as a lining, or ‘welt’, that they considered to be the erosional remnants of ‘outer
consolidated tubes’. The “welts” were noted to thicken where the burrow curved sharply and the
‘septal” ridges were close together. Photographs of these large forms, which they noted as
containing a marginal furrow, similarly illustrate the burrow outline being formed by the merging
of transverse meniscate ridges that were produced by backfill (Gevers et al. 1971, pl. 18, figs 1, 2,
4). The large forms apparently had no true lining or other type of wall structure. In comparison,
their small burrows had a distinct lining and hence were walled (Gevers et al. 1971, pl. 18, fig. 3)
and correctly described as B. autarcticus.

Recognizing that two distinct morphologies were being included within the same ichnospecies,
Bradshaw (1981) followed the suggestion of Gevers et al. (1971) and introduced a second
ichnospecies of Beaconites. The description (= diagnosis) of B. barretti Bradshaw, 1981 (p. 631)
stated that the sediment compartments ‘... may merge laterally to form a crude burrow lining..."
when the meniscate segments “...meet the burrow wall at an acute angle’. However, in her
specimens, the “lining” of B. barretti is produced by the backfill, specifically the peripheral margins
of the meniscate segments. The producer simply excavated and backfilled its burrow. No wall was
constructed. Neither is the presence of a true wall lining, or any other sort of wall structure,
supported by her illustrations (Bradshaw 1981, figs 17 and 18). B. barretti, both as defined and
illustrated, is not walled. Indeed, of all the large meniscate trace fossils previously or subsequently
described and figured as B. antarcticus, B. barretti, or simply Beaconites (¢.g. Gevers et al. 1971
Hantzschel 1975; Pollard 1976 Allen and Williams 1981«, 19815; Bradshaw 1981 : Graham and
Pollard 1982; Narbonne 1984 ; Eagar ef al. 1985 Briick 1987; Dam and Andreasen 1990: Woolfe
1990; Pearson 1992; Tegan and Curran 1992), none appears either lined or walled. This clearly
contrasts with both the original and emended diagnosis of the ichnogenus. These large backfilled
burrows cannot be included within Beaconites and must. instead. be incorporated within an
alternative meniscate ichnotaxon, or re-introduced as a new ichnogenus. The former option is
adopted for the reasons discussed below.

Unwalled meniscate trace fossils. large *Beaconites’ forms and Taenidium

To determine to which ichnotaxon the large * Beaconites™ forms should be assigned. it is necessary
to review briefly the current status of simple, unwalled, backfilled burrows. Debate has been going
on since the mid-nineteenth century as to the potential synonymies of the meniscate trace fossils
Muensteria, Keckia Glocker, 1841, Tacuidiun, and Beacounites (e.g. Fischer-Ooster 1858 ; Heer 1877
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TEXT-F1G. 2. Currently accepted ichnospecies of Ancorichnus, Beaconites, and Taenidium, showing the variation
that might occur in backfill morphology for each ichnospecies.

Schroter 1894 Liburnau 1900; Wilckens 1947; Frey er al. 1984; Squires and Advocate 1984 ;
O’Sullivan et al. 1986; McCann and Pickenll 1988). Of most importance, D’Alessandro and
Bromley (1987, p. 747) considered Mueusteria a name unavailable for trace fossils, concluding that
*...on the basis of its first ichnospecies Taenidiim is available for the unbranched ichnospecies of
Muensteria...” Branched, annulate burrows of Taeuidium were transferred to Cladichnus
D’Alessandro and Bromley, 1987.

Several of the actions of D’Alessandro and Bromley (1987) are, however, in need of clarification.
As Sternberg’s (1833) original Mueusteria included algae, coprolites and possible specimens of
Chondrites Sternberg, 1833, it was therefore erected as a heterogeneous ichnogenus, and thus
mvalidly introduced. It would, however, remain as an available name (International Code of
Zoological Nomenclature 1985, Articles 10-14, and 17). Although the heterogeneous nature of
Muensteria was addressed in the emendments of Fischer-Ooster (1858), many of his actions,
particularly with regards to the introduction of three ‘subgenera’, were again probably invalid as
dictated by today’s 1.C.Z.N. D’Alessandro and Bromley (1987) considered Taenidiuun as an
unbranched ichnotaxon because the type ichnospecies was diagnosed as unbranched. This is not the
case because Heer (1877) did not consider branching as an important diagnostic criterion. The
original diagnosis of the ichnogenus (as opposed to that of the type ichnospecies) clearly stated that
the taxon was ‘rarius ramosa’ (rarely branching) in the sense that one or two ichnospecies, such as
T. fischeri Heer, 1877, could branch. Additionally, according to Heer (1877), Wilckens (1947), and
McCann and Pickerill (1988), amongst others, Taeuidiun was differentiated from forms ascribed to
Muensteria because the latter may lack packeting and a ringed, or annulate, boundary and instead,
contain only simple, non-compartmentalized meniscate (‘runzelig quergestreift’ (transversely
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TRACE FOSSIL AUTHORS Recorded burrow widths (mm)
0 50 100 150 200 250
"Taenidium’ Smith et al. 1993 = (8-15mm).
"Taenidium’ D’ Alessandroet al. 1993 am (12-25mm).
T. serpentinum | Chamberlain 1977 m (1-2mm).
T. serpentinum Dam 19902 a (5-10 mm).
T. satanassi D’ Alessandro and Bromley 1987 |mm (4-14 mm).
T. cameronensis | Brady 1947 e (12-18 mm).
T. barretti Gevers et al. 1971 (27-103 mm).
T. barretti Ridgway 1974 (11-110 mm).
T. barretti Allen and Williams 1981 (30-250 mm).
T. barretti Bradshaw 1981 (30-150 mm).
T. barretti Graham and Pollard 1982 (35-125 mm).
T. barretti Briick 1987 (150-230 mm).
T. barretti This study e u (5-51 +75 mm).

TEXT-FIG. 3. Recorded widths of Taenidium and its ichnospecies from selected literature. As these arc not

necessarily diameters, the data may contain some positive skew (Graham and Pollard 1982). In addition to the

75 mm wide specimen from the Port Hood Formation (Plate 1. figs 5-6), this study also measured a total of

56 specimens from the Perry Formation (see also Plate 1, figs 2—4). Over a discontinuous arca of the same

bed (approximately 6 m by 2 m), burrows range in width from 5 to 51 mm (mecan = 181 mm, standard
deviation = 9-7).

striped); Wilckens 1947) backfill. The emended diagnosis of Taenidiim (D’Alessandro and Bromley
1987) similarly stated that these burrows should contain a segmented fill articulated by meniscus-
shaped partings (i.e. the backfill is distinctly compartmentalized, consistent with the diagnoses of
Heer 1877 and Wilckens 1947). Contrary to this, from D’Alessandro and Bromley's (1987, p. 747)
sweeping statement quoted above, and their discussion of other potentially synonymous ichnotaxa,
it would appear that all unbranched forms of Muensteria, and other meniscate ichnotaxa, are to be
included within Taenidium, regardless of the style of backfill. This might be seen as an excessive
lumping of ichnotaxa but, as discussed earlier, segments and simple backfill in particular may
potentially intergrade within a single burrow. Differentiation of separate ichnogenera for variations
in the style of backfill may therefore be considered inappropriate.

Despite the problems outlined above, to promote ichnotaxonomic stability we follow
D’Alessandro and Bromley (1987) and include all radially branched, and potentially palmate,
ichnospecies of both Muensteria and Taenidinm within Cladichnus. Similarly we follow their
suggestion to include unbranched ichnospecies of Muensteria within Taenidium (note that different
specimens may cross each other giving a falsely branching appearance, Plate 1, fig. 1). Variation in
the type of backfill contained within these, and other potentially synonymous, unbranched,
meniscate burrows is therefore relegated to an ichnospecies-level taxobase.

Another emendment to the diagnosis of Taenidiun proposed by D’Alessandro and Bromley
(1987) is, however, still required. These authors potentially allowed for both unlined and thinly lined
burrows to be included within the ichnogenus. From their diagnosis, the production of a thin.
continuous lining can be considered a morphological feature comparable to no lining being present,
and not worthy of ichnogeneric distinction. The production of a thick lining, in contrast, is inferred
to be a morphological feature different from that of a thin lining and significant enough to warrant
a separate ichnogeneric name. What is construed as “thin’, or for that matter “thick’, is arbitrary,
and such a division cannot improve ichnotaxonomic stability. The presence of any form of
continuous burrow lining, thick or thin, should be considered a morphologically similar criterion,
and different to that of no lining. The presence or absence of a continuously lined wall is therefore
an important ichnotaxobase. Consequently, as a further emendment to the diagnosis of Taenidium,
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we propose that this ichnogenus should be restricted to unwalled, and thus unlined, burrows. Such
an emendment would also reinforce the diflerences between Beacouites and Taenidinum, as discussed
in the previous section, and avoid further lumping of ichnotaxa.

Accordingly, although D’Alessandro and Bromley (1987) concluded that Beaconites should
probably be included within Taeuidiiun, only B. barretti 1s regarded as synonymous. Without
exception, B. barrerti burrows are unbranched, meniscate, cylindrical and, above all, unlined. Such
burrows are distinguished as a distinctive ichnospecies, specifically 7. barretti (Bradshaw), on the
basis of the heterogeneous, thinly segmented or non-compartmentalized, arcuate meniscate fill. The
style of meniscate fill in these burrows is clearly at variance with the three ichnospecies of Taenidium
considered by D’Alessandro and Bromley (1987), all of which are distinctly packeted (Text-fig. 2)
but this is a legacy of the latter authors’ relegation of style of meniscate fill to an ichnospecies-level
diagnostic criterion.

The size of a burrow has, in the past, been used as a significant criterion in formulating new
ichnogenera (e.g. Megagyrolithes Gaillard, 1980) as well as a secondary criterion in distinguishing
ichnospecies within an ichnogenus (e.g. Helminthopsis Heer, 1877). The range of widths measured
for specimens of 7. barretti, although typically much greater, overlap to some degree those widths
previously measured in other ichnospecies of Taenidiun and Muensteria (Text-fig. 3). Therefore,
despite the measured widths of 7. barretti probably ineluding some positive skew, resulting from the
measurement of widths on bedding planes as opposed to true burrow diameters (Graham and
Pollard 1982), it would be unwise for these burrows to be considered distinct at the ichnogeneric
level based on size. T. barretti observed at various localities in eastern Canada further illustrate
the variability in size that can be encountered within otherwise morphologically similar specimens
(Plate 1).

Vertical escape and vertical adjustinent structures

Whether typically large, vertically oriented trace fossils containing distinctive arcuate, concave
upwards, nested menisci should be attributed to a previously established meniscate backfilled
burrow, such as Beacouites, was questioned by Bridge et al. (1986). Most commonly, such trace
fossils have been left in open nomenclature and described simply as ‘escape structures’ or
‘equilibrium structures’ (e.g. Eagar et al. 1985; Sarkar and Chaudhuri 1992). Occasionally vertical
“burrows” have been erroneously named as Beacouites: the structures of Bridge and Gordon (1985),
Bridge and Droser (1985), and Berg (1977) do not contain a wall, whereas those of Allen and
Williams (1981a, 1981b) and Briick er «l. (1985) additionally do not have an observable meniscate
structure.

The morphological characteristics of a trace fossil provide the only feasible diagnostic criteria for
distinguishing ichnotaxa. The behavioural interpretation of a trace fossil is not a valid criterion,
though morphological features may be indicative of one particular behaviour, or a variety of
behaviours: meniscate backfill containing faecal matter or meniscate packeting is typical of

EXPLANATION OF PLATE |

Figs 1-6. Taenidium barretti (Bradshaw). Burrows of variable size and variable distinctiveness of meniscatc fill;
1-4, preserved in convex epireliel; 5-7, preserved in convex hyporeliel; they are ubiquitously non-
compartmentalized and meniscate and much less distinct where burrow-fill is of uniform composition.
1. Alma. southeast New Brunswick, Canada; alluvial fan deposits, Hopcwell Conglomerate, Lower
Carboniferous; x 0-6. 2-4, McCann Cove, southwest New Brunswick, Canada ; partly calichified alluvial fan
dcposits, Perry Formation, Devonian: 2, x0-4: 3, x0-5: 4, x09. 5, ncar Port Hood, Cape Breton Island,
Nova Scotia, Canada; fluvial bar sandstones. upper Port Hood Formation, Upper Carboniferous; x 0-2. 6,
oblique view ol same specimen as in fig. S.

All field photographs. specimens not collectable.
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KEIGHLEY and PICKERILL, Taeuidiun











































































