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ABSTRACT

The discovery of a Zoophycos-group trace fossil questionably attributed to Echinospira is reported from the Middle 
Pennsylvanian Sydney Mines Formation of Nova Scotia. Zoophycos-group trace fossils are composed of a central axis 
from which helicoidally arranged sheets of spreite emanate, giving the appearance of stacked cones. Such traces are 
commonly reported from marine paleoenvironments throughout the Phanerozoic. This occurrence, the fi rst of its 
kind in the Maritimes Basin, provides further evidence for marine infl uence during the deposition of these dominantly 
terrestrial coal-bearing successions.

RÉSUMÉ

On signale la découverte d’un ichnofossile du groupe Zoophycos rattaché de façon douteuse à Échinospira dans la 
formation du Pennsylvanien moyen de Sydney Mines, en Nouvelle-Écosse. Les ichnofossiles du groupe Zoophycos 
sont constitués d’un axe central duquel émanent des feuilles de spréite disposées de façon héliocoïdale leur conférant 
l’aspect de cônes étagés. Ces ichnofossiles sont communément signalés dans les paléoenvironnements marins du 
Phanérozoïque. La présence de cet ichnofossile particulier, premier du genre dans le bassin des Maritimes, fournit 
une autre preuve de l’infl uence marine pendant la sédimentation de ces successions carbonifères en prédominance 
terrestres.

[Traduit par la rédaction]

INTRODUCTION

The Middle Pennsylvanian Sydney Mines Formation is a 
520 m-thick unit of the Maritimes Basin of Atlantic Canada 
(Gibling et al. 2004). This dominantly terrestrial paleotropical 
succession represents deposition on well-drained alluvial plain, 
poorly drained coastal plain and open water environments 
(Gibling and Bird 1994). Open water facies, the focus of this 
study, typically comprise less than 5% of the stratal thickness, 
and include metre thick bituminous limestone beds that may 
extend for tens of kilometres, as well as grey shales, and sand-
stone bodies (Gibling and Kalkreuth 1991). 

Sedimentological and paleontological data suggest that the 
open water facies formed in a marine-infl uenced water body. 
Indicators of marine infl uence include high sulphur coals brack-
eting coastal plain strata (Hacquebard and Donaldson 1969), 

agglutinated foraminifera (Wightman et al. 1994), glaucony 
(Batson and Gibling 2002), and acritarchs (T.K. Dimitrova, 
personal communication, 2005). Faunal assemblages are, in 
general, similar to those of European marine bands (Calver 
1968), but are conspicuously lacking in stenohaline elements 
such as goniatites; collectively, data suggest brackish salinities 
(Calder 1998). 

The extensive, shallow, brackish water bodies inferred from 
the open water facies are interpreted as the product of an epi-
continental sea, perhaps partly analogous to the modern Baltic 
Sea (Falcon-Lang 2005). The restricted micro-tidal sea (Wells 
et al. 2005) repeatedly fl ooded the Maritimes Basin during 
eustatic highstands, with transgressions developing diachron-
ously in a westerly direction from the Russian Platform and 
through the North Variscan Basin in Germany (Dallmeyer et al. 
1995; Opluštil 2005). Salinity generally decreased in a westerly 
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direction (Hampson et al. 1999) consistent with the brackish 
salinities inferred for the Maritimes Basin.

Here we describe a Zoophycos-group trace fossil from the 
Sydney Mines Formation. Traces of this group, which range 
from Cambrian to Recent in marine strata, are conical struc-
tures with radiating limbs emanating from a central axis. 
They are one of the most commonly recorded trace fossils 
owing to their large size and distinctive morphology. The 
radial portion of the burrow bears spreite that may be radial 
in the case of Zoophycos proper or may be within radiating U-
shaped Rhizocorallium-like limbs in Echinospira Girotti 1970. 
Zoophycos-group trace fossils are most commonly found in 

mud-rich facies from below fair weather wave base to deep 
water basin fl oor environments (Ekdale 1985). 

This is the fi rst time that a Zoophycos-group fossil has been 
recorded from the entire Maritimes Basin as far as we are aware. 
Trace fossils are important indicators of marine and/or tidal 
infl uences in dominantly terrestrial Pennsylvanian successions 
(Eagar et al. 1985; Archer et al. 1994, 1995; Brettle et al. 2002). 
The occurrence of a Zoophycos-group trace fossil in the Sydney 
Mines Formation lends further strong support for marine-in-
fl uence during the deposition of this unit. 

GEOLOGICAL CONTEXT

The Zoophycos-group trace-fossil was discovered in a sea-cliff 
section, about 550 m south of High Cape, on the western side of 
the Little Bras D’Or Channel, Boularderie Island, Cape Breton, 
Nova Scotia (Fig. 1a; latitude 46°19'05"; longitude 60°17'24"). 
The trace fossil was located within a sandstone body 7 m be-
low the base of the lower leaf of the Lloyd Cove Seam of the 
Sydney Mines Formation (Fig. 1b; Gibling et al. 2004). This 
interval lies approximately 40 m above the Asturian (formerly 
Westphalian D)-Cantabrian substage boundary (Cleal et al. 
2003) and is therefore assigned to the uppermost part of the 
Middle Pennsylvanian Series (Heckel and Clayton 2005).

The succession containing the Lloyd Cove seam represents 
a transgressive systems tract formed during sustained base-
level rise (Gibling et al. 2004). Agglutinated foraminifera with 
a brackish water affi nity have been recognized throughout this 
succession, including the interval relevant to the present study 
(Gibling and Wightman 1994). The succession is interpreted as 
resulting from deposition in a marine-infl uenced coastal plain 
on which long-lived peat mires periodically developed. 

The trace-fossil-bearing unit is a very fi ne-grained, ero-
Sydney
Mines

Formation

D
u

c
k
m

a
n

ti
a

n
B

o
ls

o
v
ia

n

W
E

S
T

P
H

A
L
IA

N
A

s
tu

ri
a

n
(W

e
s
tp

h
a

lia
n

D
)

South Bar
Formation

Waddens
Cove
Form.

hiatus

S
T

E
P

H
A

N
IA

N

C
a

n
ta

b
ri
a

n

Lloyd Cove

Hub

Point Aconi

Harbour

Backpit

Upper Bouthillier

Phalen/Unnamed

M
ID

D
L

E
P

E
N

N
S

Y
L
V

A
N

IA
N

L
.P

.

100

0

Middle Bouthillier

Lower Bouthillier

1

2-3

4-5

6

7

8

9

10

11

12

13

14

Stony/Emery

Henderson

Unnamed

C
a

n
ta

b
ri
a

n
A

s
tu

ri
a

n
(W

e
s
tp

h
a

lia
n

D
)

200

300

400

m
e

tr
e

s

Sydney
Mines

Bras d’Or

North
Sydney

Trace fossil
locality

Sydney Mines Formation

South Bar Formation

N

1 km

a

b

Fig. 1. Geological setting: (a) location of trace-fossil bearing 
unit, Boularderie Island, Cape Breton, Nova Scotia; and (b) 
stratigraphic position of the trace-fossil bearing unit (indi-
cated by star) within the Middle Pennsylvanian Sydney Mines 
Formation, cyclothems of which are indicated to the right.

Fig. 2. The trace-fossil-bearing sandstone body, positioned 
7 m below the Lloyd Cove seam, 500 m south of High Cape, 
Boularderie Island, Cape Breton. Key: IHS, Inclined Hetero-
lithic Stratifi cation; SRS, Symmetrically-Rippled Sandstone; 
Mdst, Grey Mudstone.
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sive-based sandstone body, 2.5–3 m thick (Fig. 2). A basal 
0.8 m-thick unit contains inclined heterolithic stratifi cation 
(IHS) with millimetre-thick mudstone laminations. Towards 
the upper part of the body, bimodal cross-lamination is pres-
ent and, where locally exposed in plan view, some surfaces 
show symmetrical ripple marks (SRS). The unit is tentatively 
interpreted as an estuarine deposit, with the lower inclined 
channel body formed in a meandering coastal creek subject 
to weak tidal currents, and the upper strata originating in a 
tidal fl at setting. The trace fossil was found in a large fallen 
sandstone block on the foreshore and its original horizon 
within the sandstone body exposed in the sea-cliffs could not 
be precisely ascertained; however, it probably originated from 
the symmetrically rippled tidal fl at deposits. Due to its large 
size, the specimen could not be collected.

DESCRIPTION AND AFFINITY 
OF THE TRACE FOSSIL

The specimen is a large (245 mm radius), incompletely 
preserved, roughly conical structure on the upper surface of a 
sandstone bed (Fig. 3a). The centre of the cone is marked by a 
vertical cylinder 16 mm in diameter. Radiating from the apex of 
the cone are ridges that are nearly uniform in width (6–10 mm) 
and commonly show branching in the most distal quarter. 

The branches are organized in clusters (1–15 in Fig. 3b) 
that are typically composed of groups of two or three related 
branches, with a maximum of six related branches seen in 
cluster 14. In most cases, crosscutting is such that branches 
inferred to have been produced later are clockwise of the ear-
lier-produced limbs. The exceptions to this are seen in cluster 
5 (Fig. 3b), which is characterized by an unusually short fi rst 
branch, and in cluster 10 where subsequent crosscutting is in an 
anticlockwise direction. Furthermore, it seems that the clusters 
were also usually generated in a clockwise direction, though 
clusters 6–8 appear to have been emplaced in an anticlock-
wise direction (Fig. 3b). Detailed examination of the branches 
show them to be composed of a lighter-coloured, depressed, 
marginal rim, surrounding a central, raised, clay-rich region 
with faint U-shaped impressions that are convex distally. The 
systematic addition of branched radiating features, as well as 
their nearly uniform width, eliminates the possibility that the 
structure was a sand volcano produced by dewatering of sand 
at the sea fl oor.

The individual branches of the trace fossil bear a strong 
resemblance to long narrow examples of the sub-horizontal 
U-shaped spreiten burrow Rhizocorallium irregulare Mayer 
1954, which is known from Late Paleozoic and Mesozoic 
rocks. Unlike Rhizocorallium irregulare, the present structure 
contains many associated U-burrows that branch and show 
crosscutting, are organized in a conical structure, and are re-
lated to a central cylindrical feature. In this way the structure 
is most similar to the Zoophycos-group trace fossils (sensu 
Uchman 1995; equivalent to the Alectoruridae of Schimper 
and Schenk 1879–85). 

The whole structure appears to have been produced by 
systematic sediment processing by an infaunal deposit feeder. 
During feeding, the trace maker produced a U-shaped bur-
row that it extended to create the long narrow limbs. Partial 
retraction followed by continued sediment processing would 
then have produced the distal branching to create the branch 
clusters. More complete retraction of more than 50% of the 
length of the U-burrow initiated a new burrow cluster adjacent 
to the previous one, and sometimes overlapped it. 

Such radiating patterns of U-burrows were fi rst described 
from Zoophycos-group trace fossils from the Quaternary of New 
Zealand (Ekdale and Lewis 1991). The present material most 
closely resembles Echinospira Girotti 1970, described from 
the Miocene of Italy, which shows self crossing in the type and 
subsequent material (Ekdale and Lewis 1991; Uchman 1995; 
Uchman and Demírcan 1999). In contrast, primary successive 
branching is clearly present in our material (Fig. 3b). Some 
comparisons may also be made with Zoophycos rhodensis 
Bromley and Hanken 2003, described from the Pliocene of 

Fig. 3. The trace-fossil specimen: (a) uninterpreted photo-
graph of Zoophycos-group trace fossil; inset shows detail of 
spreite (arrowed); and (b) interpreted photograph showing 
clusters of branches (1-17) with dominantly clockwise cross-
cutting patterns (I-V). 
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Greece, though our material lacks the minor lamellae of that 
material and does not appear pelleted. Although our material 
is similar to these Cenozoic forms, it is considerably older and 
does not clearly fi t within any of the existing ichnotaxa. 

CONCLUSIONS

While the detailed taxonomic affi nity of the present 
specimen is ambiguous, it can be confi dently assigned to the 
Zoophycos-group trace fossils (equivalent to the Alectoruridae), 
which have a paleoenvironmental range that is exclusively ma-
rine (Uchman 1995). Zoophycos-group trace fossils are com-
monly found in association with marine fl ooding surfaces 
in the Pennsylvanian of the United Kingdom (?Echinospira 
isp., McIlroy unpublished data) and rarely in the Mesozoic 
(MacEachern and Burton, 2000). The present fossil provides 
further evidence for the periodic extension of a seaway from the 
Russian Platform westwards into the Maritimes Basin during 
Pennsylvanian times (Falcon-Lang 2005). Additional in situ 
specimens are needed to constrain the precise sedimentologi-
cal and sequence stratigraphic context of the Sydney Mines 
?Echinospira. 
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