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Previously unrecorded ichnotaxa from the Palaeogene Richmond Formation of eastern Jamaica, namely Cos- 
morhaphe cf. gracilis, Helminthoida crassa, Paleodictyonl isp. and Taenidium cameronensis, are described. The 
ichnotaxa are assigned to a previously defined deep-water Scolicia ichnocoenosis characteristic of turbiditic strata.
The general exclusion of graphoglyptids in these strata is believed to reflect a combination of the relatively shallow- 
water depths in which the turbiditic strata accumulated, the abundant organic matter available for biological 
consumption, and the existence of fluctuating dysaerobic/anoxic and oxygenated conditions at, or immediately below, 
the sediment-water interface.

Les ichnofossiles auparavant non enregistrtis provenant de la Formation paleogene de Richmond de l ’est de la 
Jama'ique, soit Cosmorhaphe cf. gracilis, Helminthoida crassa, Paleodictyonl isp. et Taenidium cameronensis, sont 
ddcrits. Ces ichnofossiles sont assignes a l’assemblage d’eau profondeScolicia anterieurement ddfini, caractdristique 
des strates de turbidites. L’absence gdndrale de graphoglyptides dans ces couches est consideree comme refletant une 
combinaison de la faible profondeur relative a laquelle les strates de turbidites se sont accumulees, l ’abondance de 
mature organique disponible pour la consommation biologique et l ’existence de conditions anoxiques et oxygdndes 
fluctuantes a l ’interface eau-s£diment ou immediatement en-dessous.

[Traduit par la redaction]

I n t r o d u c t io n

The Richmond Formation of Jamaica underlies and is 
exposed over a considerable area of the eastern part of the 
island (Fig. 1), and comprises approximately 1200 m (Green, 
1977; Mann and Burke, 1990) of intensely folded and faulted, 
essentially siliciclastic strata with locally developed nodular 
limestones, and calcalkalic and dacitic volcanic rocks. The 
sequence, essentially Eocene to possibly Paleocene 
(Palaeogene) in age (Jiang and Robinson, 1987; Scott, 1987; 
Mann and Burke, 1990), accumulated in an intra-arc rift in a 
large fan delta-submarine fan system (Wescott and Ethridge, 
1983; Ethridge and Westcott, 1984) in which marginal-, 
shallow- and relatively deep-marine environments can be 
recognized. Characteristic lithofacies associated with these 
environments have been outlined by the latter authors and 
Pickerill and Donovan (1991).

Pickerill and Donovan (1991) and Pickerill et al. (1992) 
provided information on the ichnology of the marginal-, 
shallow- and deep-marine lithofacies associated with the fan 
delta-submarine fan system, and recognized two environ
mentally-restricted, mutually-exclusive ichnocoenoses, 
namely, a marginal- to shallow-marine Thalassinoides ich
nocoenosis and a relatively deep-marine Scolicia ichnocoen
osis (see below). As noted by Pickerill and Donovan (1991), 
somewhat surprisingly the Scolicia ichnocoenosis appar
ently did not contain any graphoglyptid (sensu Fuchs, 1895;

Fig. 1. Geographic distribution of the Richmond Formation 
(stippled) of eastern Jamaica. Numbers 1 to 3 refer to localities 
from which trace fossils described in the main text were collected. 
1 - coastal outcrop immediately to the east of the small headland 
on the eastern side of the bay of Port Maria; there, strata of the 
Roadside Member of the Richmond Formation (early Eocene - see 
Mann and Burke, 1990) are exposed; approximate grid reference 
593534. 2 - cliff outcrop in undivided Richmond Formation strata 
on the northeast bank of the Rio Grande river, west-southwest of 
Fellowship; approximate grid reference 737449. 3 - cliff outcrop 
in undivided Richmond Formation strata on the east bank of the 
Rio Grande river, south of Comfort Castle; approximate grid 
reference 756417.
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Seilacher, 1977) burrows. Such burrows, representing rela
tively permanent and complex systematically-patterned feed
ing or farming systems (agrichnia) or, alternatively, highly 
specialized behavioural activity, are elsewhere particularly 
prevalent in Mesozoic and younger deep-sea flysch sequences 
(Miller, 1991). However, subsequent examination of three 
well-exposed and generally continuous sections within the 
formation (Fig. 1) has revealed the presence, albeit uncom
monly, of two (Cosmorhaphe cf. gracilis, Paleodictyon? 
isp.), possibly three (Helminthoida crassa), graphoglyptid 
ichnotaxa. Additionally, a relatively abundant but previously 
unrecorded ichnotaxon (Taenidium cameronensis) that is, 
elsewhere, an uncommonly reported form (see D’Alessandro 
and Bromley, 1987), also occurs at one of these sections.

The purpose of this short contribution is, therefore, to 
document and briefly describe these unreported ichnotaxa, to 
provide a brief discussion on their palaeoenvironmental dis
tribution with respect to the previously defined Thalassinoi- 
des and Scolicia ichnocoenoses, and to provide a possible 
explanation of the general exclusion of graphoglyptids within 
the relatively deep-water lithofacies of the Richmond Forma
tion.

S y stem atic  Ichnology

Specimens are described alphabetically. Because of 
sampling difficulties only two specimens were collected; 
these are deposited in the Division of Natural Sciences, New 
Brunswick Museum, Saint John, New Brunswick (NBMG) as 
no alternative facility exists in Jamaica.

Ichnogenus Cosmorhaphe Fuchs, 1895 
Cosmorhaphe cf. gracilis Ksiazkiewicz, 1977 

Figure 2a

M aterial: Two specimens on a single slab, NBMG 8844, 
from Locality 3 of Figure 1.

Description: Specimens are incompletely and poorly pre
served in positive relief on the sole of a fine- to medium
grained turbiditic sandstone. The best-preserved example 
(Fig. 2a) comprises a smooth, thin, string-like burrow, 0.8 to 
1 mm in diameter, that exhibits two orders of meanders. 
Larger first-order meanders are relatively tight with a wave
length of ca. 30 mm and amplitude 15 to21 mm; second-order 
meanders, somewhat loop-like, are higher (5-12 mm) than 
wide (3-6 mm). The second example exhibits similar charac
teristics, but is extremely narrow, with a diameter of 0.5 mm, 
and slightly more irregular in overall appearance.

Remarks: Cosmorhaphe is a graphoglyptid trace fossil that 
occurs typically, though not exclusively, in deep-water flysch 
successions of Cambrian to Holocene age. To our knowl
edge, Cambrian recordings of the ichnogenus (for example, 
Narbonne et al., 1987) are from relatively shallow-water 
neritic settings; post-Cambrian occurrences are exclusively 
deep-water marine. At the ichnospecific rank the nomencla-

tural status of the ichnotaxon is still in a state of confusion 
despite the admirable attempt by Seilacher (1977) to resolve 
such difficulties. Seilacher distinguished seven ichnospe- 
cies, one of which, C. helicoidea Seilacher, 1977, he subse
quently designated as a new ichnotaxon Spirocosmorhaphe 
sigmoidalis Seilacher, 1989. Unfortunately, at the same time 
that Seilacher (1977) attempted to resolve the nomenclatural 
difficulties, Ksi^ikiewicz (1977) described additional ichno- 
species, some of which are clearly synonymous with several 
of Seilacher’s. Clearly, therefore, at the ichnospecific rank 
the nomenclatural status of Cosmorphaphe is still confused 
and requires additional evaluation.

The Jamaican material appears to represent an interme
diate form that exhibits characteristics similar to both C. 
gracilis Ksiazkiewicz, 1977 and C. sinuosa Azpeita-Moros, 
1833. The latter ichnospecies is characterized by widely- 
spaced first-order meanders but with second-order undula
tions with a greater wavelength than amplitude (Seilacher, 
1977). C. gracilis, however, possesses second-order mean
ders approximately equal in height and width (Ksiazkiewicz, 
1977). Interestingly, in this context Ksiazkiewicz (1977, p. 
152) suggested that C. gracilis possibly represented a “juve
nile” form of C. sinuosa. In view of the size and relatively 
tight first-order meanders of the Jamaican material, together 
with the fact that ichnospecific classification is still in need of 
re-evaluation, we prefer to classify our material as C. gra
cilis, but only tentatively so.

Ichnogenus Helminthoida Schafhautl, 1851 
Helminthoida crassa Schafhautl, 1851 

Figure 2b

Material: Single specimen, uncollectible, and possibly a 
small component of a second (upper right in Fig. 2b) pre
served on a large slab at Locality 2 of Figure 1.

Description: The specimen is poorly preserved in positive 
relief on the sole of an extremely weathered, medium-grained 
turbiditic sandstone in association with Palaeophycus stria- 
tus Hall, 1852, which clearly post-dates it and discontinuous 
segments, variably impressed, of other similar diameter bur
rows that intersect or even partly parallel the main example 
(Fig. 2b). It comprises a smooth, unornamented, unbranched, 
string-like burrow, 2.2 to 3.0 mm in diameter, depending on 
depth of impression, that exhibits elongate and continuous 
segments that meander in a relatively closely spaced, parallel 
or sub-parallel fashion and are disposed, at least in part, in a 
bow-like form. Meander height is 38 to 62 mm and width 11 
to 16 mm.

Remarks: Helminthoida is an easily distinguishable ichno
taxon, characterized essentially by smooth, relatively thin 
strings, generally tightly organized into parallel and elongate 
continuous meanders, that are unbranched and possess no 
cross-overs. The ichnogenus has been considered as both a 
true graphoglyptid and, or, a sediment-filled burrow (Seilacher, 
1977; Crimes and Crossley, 1991). A detailed review of the
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Fig. 2. (a) Cosmorhaphe cf. gracilis (to left of coin, which is 2 cm in diameter) cross-cut by post-depositional? Palaeophycus tubularis 
Hall; NBMG 8844. (b) Helminthoida crassa (to right of coin, which is 2 cm in diameter) cross-cut by post-depositional? Palaeophycus 
striatus Hall and intersected or paralleled by (for example, arrows) additional burrows. Note the small component of a possible second 
example (upper right) similarly intersected by P. striatus. (c) Paleodictyonl isp. (below coin, which is 2.9 cm in diameter); NBMG 8845. 
(d) Taenidium cameronensis (to left of lens hood which is 5.7 cm in diameter); note the overlapping menisci that to the right have resulted 
in an apparent mantle and to the left an apparent wall structure. Specimens a to c preserved on sandstone soles and d on an upper bedding 
surface.

nomenclatural history of the three most commonly reported 
ichnospecies of Helminthoida and their proposed synonyms 
was recently presented by Crimes and Crossley (1991). Herein 
we follow their recommendations on ichnospecific assign
ments. Thus, H. crassa represents a simple, regularly spaced, 
broadly parallel meandering burrow system arranged in a 
bow-like form that tends towards a spiral development at one 
end; H. labyrinthica Heer, 1865 is smaller, with densely- 
guided meanders and a distinct tendency to coil; and H. 
miocenica Sacco, 1886 exhibits lower, less compressed 
meanders and a completely unbowed form, revealing an

absence of any tendency to coil (Crimes and Crossley, 1991). 
Additional valid and available ichnospecies include H. re- 
flecta Seilacher, 1977, //. helminthopsoidea (Sacco, 1888), 
H. aculeata Ksi^zkiewicz, 1977, H. alterna Ksipzkiewicz, 
1977 and H. serrata Ksi^zkiewicz, 1977, though these are not 
widely reported ichnospecies and require further taxonomic 
assessment. Nevertheless, all these latter forms differ from 
the Jamaican specimen which clearly falls within H. crassa 
and is identified as such. H. crassa ranges from the Lower 
Cambrian, where it occurs in shallow-water strata (Crimes 
and Anderson, 1985), to at least the Oligocene (Ksiazkiewicz,
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1977). As with Cosmorhaphe, post-Cambrian recordings are 
essentially from deep-marine flysch sequences.

Ichnogenus Paleodictyon Meneghini in Murchison, 1850 
Paleodictyon? isp.

Figure 2c

Material: A single fragmentary specimen, NBMG 8845, 
from Locality 1 of Figure 1.

Description: The specimen is incompletely and poorly pre
served in positive relief on the sole of a medium-grained 
turbiditic sandstone. It consists of a portion of a presumed 
incomplete network structure, approximately 1 mm in thick
ness, in which there is an unornamented central burrow 
(string), 8 mm in length, from which two additional and 
smooth strings are each initiated at its distal extremities at 
consistent angles of 115 to 120°.

Remarks: Although the specimen is incomplete and does not 
form a “meshwork” in the classic sense of the ichnogenus, we 
tentatively regard it as a possible erosional remnant of a 
formerly more complete example. The bedding plane surface 
containing the specimen possesses abundant evidence of 
scour in the form of tool marks, groove structures and rudi
mentary flutes, thereby suggesting that erosion was indeed an 
active process. Moreover, examples of Paleodictyon, that are 
similarly incomplete mesh works, have been documented on 
several occasions [for example, Webby, 1969, fig. 2a, lower 
right; Chamberlain, 1971, pi. 31, figs. 5-7; Crimes et al., 
1992, fig. 4B; and particularly Hantzpergue and Branger, 
1992, pi. 2(1), fig. 3(3)].

McCann and Pickerill (1988), Pickerill (1990) and more 
recently Crimes and Crossley (1991) have noted that Paleo
dictyon and its numerous ichnospecies (for example, see 
Seilacher, 1977; Ksi^zkiewicz, 1977) are in need of detailed 
taxonomic revision; this, together with the fact that even the 
ichnogeneric assignment is tentative, precludes any ichno- 
specific assessment. The ichnotaxon ranges through the 
Phanerozoic and although rare examples occur in shallow- 
water marine and terrestrial sequences (see Pickerill, 1990; 
Hantzpergue and Branger, 1992), characteristically it is a 
deep-water flysch trace fossil.

Ichnogenus Taenidium Heer, 1877 
Taenidium cameronensis (Brady, 1947)

Figure 2d

Material: Nineteen specimens, all uncollectible, preserved 
on large, loose slabs on a relatively narrow storm beach at 
Locality 1 of Figure 1.

Description: Horizontal, unbranched, unlined, unwalled, 
straight, curved or slightly sinuous burrows preserved on 
upper bedding plane surfaces of medium-grained turbiditic 
sandstones. Preserved length variable, maximum of 16 cm; 
diameter 1 to 2 cm, commonly 1.2 to 1.5 cm, and relatively

Constantin individual examples. Burrow fill essentially similar 
in grain size to host material and comprises deeply concave, 
tending towards parabolic, longer than wide, irregularly 
spaced and typically unequally-thick meniscae, each differ
entiated by thinner intermeniscate portions of material that 
has weathered-out. Adjacent meniscae are consistently or 
irregularly arcuate with respect to the long axis of an individ
ual burrow and tend to enclose or wrap around each other. In 
several specimens meniscae are apparently slightly imbricate 
(cf. Brady, 1947, pi. 69, 2), though vertical sectioning to 
verify this was not possible.

Remarks: At the ichnogeneric rank, Taenidium is differenti
ated from several morphologically similar meniscate ichno- 
taxa by being unbranched, essentially unlined, and lacking a 
distinct wall or mantle. Despite its complex and varied 
nomenclatural history, a detailed and revised taxonomic 
analysis was undertaken by D’Alessandro and Bromley (1987). 
Of the three ichnospecies they recognized, the Jamaican 
material exhibits virtually identical characteristics to T. camer
onensis (Brady, 1947), as emended by D’Alessandro and 
Bromley (1987, p. 754), and is identified as such. Unfortu
nately, they did not include Scolecocoprus arizonensis Brady, 
1947 in their taxonomic considerations. Like D’Alessandro 
and Bromley (1987), we regard Scolecocoprus as a junior 
synonym of Taenidium, but find it puzzling that they did not 
include T. arizonensis (Brady, 1947) in their synonymy, 
particularly as this ichnospecies exhibits, and more clearly 
than T. cameronensis, the essential characteristics of the 
emended diagnosis of the ichnotaxon. To promote stability of 
usage, however, we utilize T. cameronensis as adopted by 
D’Alessandro and Bromley (1987). As with the material 
described herein, an essential characteristic of this ichnospe
cies is that because of the arc of the meniscae, adjacent 
sedimentary packets tend to nest one around the next. With 
the Jamaican material this commonly results in the burrows 
apparently possessing a well-defined wall, or even mantle, on 
one (for example, Fig. 2d) or both sides, a potential source of 
confusion with the distinctly walled ichnotaxon Beaconites 
Vyalov, 1962 or the mantled ichnotaxon Ancorichnus Hein- 
berg, 1974 (see also Bromley, 1990). D’Alessandro and 
Bromley (1987) stated that all previous references to T. 
cameronensis were from shallow-water depositional set
tings. However, the recording herein, and that by Ksiazkiewicz 
[1977, plate 3.16 - as Keckia cf. hoessi (Sternberg), ques
tionably included by D’Alessandro and Bromley (1987) as 
Taenidium, but herein regarded as conspecific with T. camer
onensis], clearly suggests that it is a facies-crossing ichno
taxon.

D iscussion  and  C onclusio ns

As previously noted, Pickerill and Donovan (1991) and 
Pickerill et al. (1992) recognized two mutually-exclusive, 
environmentally-restricted ichnocoenoses within strata of 
the Richmond Formation. They defined a Thalassinoides 
ichnocoenosis, comprising Thalassinoides suevicus (Rieth),
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Teredolites clavatus Leymerie, Conichnus conicus Myannil 
and Arenicolites Salter, that was associated with marginal- 
and shallow-marine depositional settings and a Scolicia ich- 
nocoenosis, comprising Scolicia cf. plana Ksi^zkiewicz, 
Subphyllochorda laevis Ksi^zkiewicz, Trichichnus linearis 
Frey, Neonereites multiserialis Pickerill and Harland, 
Phycodes Richter and three ichnospecies of Helminthopsis 
Heer, that was restricted to relatively deep-marine turbiditic 
strata. The ichnotaxa Palaeophycus tubularis Hall, Palaeo- 
phycus striatus Hall, Planolites beverleyensis (Billings) and 
Skolithos Haldeman each occurred in the two ichnocoenoses 
and were therefore regarded as facies-crossing forms com
mon to both.

The ichnotaxa described herein not only represent their 
first recording from Jamaica, but also from the Caribbean in 
general. Within the Richmond Formation they each occur 
within relatively deep-water turbiditic sandstone sequences 
as determined by detailed sedimentological observations 
(Westcott and Ethridge, 1983; Mann and Burke, 1990). At 
locality 1, Paleodictyon and Taenidium cameronensis occur 
in association with abundant Scolicia cf. plana, Palaeo
phycus tubularis, Helminthopsis and Skolithos. At locality 2, 
Helminthoida crassa occurs with the same ichnotaxa to
gether with Palaeophycus striatus and Trichichnus linearis 
and at locality 3, Cosmorhaphe cf. gracilis occurs in associa
tion with Palaeophycus tubularis and Trichichnus linearis. 
Collectively, these observations suggest that the ichnotaxa 
documented herein can best be regarded as integral members 
of the deep-water Scolicia ichnocoenosis. This is hardly 
surprising, as the new recordings include at least two gra- 
phoglyptid ichnotaxa (C. cf. gracilis, Paleodictyon?) and a 
possible third (//. crassa) that, elsewhere, in coeval se
quences, have only been reported from deep-water turbiditic 
strata. The fourth ichnotaxon, T. cameronensis, represents an 
undoubted deep-water occurrence and the conclusion of 
D’Alessandro and Bromley (1987) that conspecific forms are 
shallow-water marine can be considered somewhat prema
ture.

The recordings herein increase the diversity of the Scol
icia ichnocoenosis to 16 clearly recognizable ichnotaxa. 
Unfortunately, the nature of the commonly vertical cliff-like 
and deeply-weathered exposures precludes analysis of tier
ing and other relationships within this ichnocoenosis, par
ticularly as most ichnotaxa, with the exception of S. cf. plana, 
are characteristically patchily distributed (cf. Leszczyiiski 
and Seilacher, 1991) and overlapping or cross-cutting rela
tionships cannot easily and realistically be assessed. Addi
tionally, most ichnotaxa, as indeed those documented herein, 
occur in relatively low numbers so that it is even difficult to 
accurately document whether several represent the activity 
of pre-depositional background or post-depositional organ
isms (see Seilacher, 1981). Of particular interest, however, is 
the previously unreported occurrence of the two, possibly 
three, graphoglyptid ichnotaxa. Pickerill and Donovan (1991) 
suggested that the apparent absence of graphoglyptid ichno
taxa from turbiditic strata of the Richmond Formation was 
perhaps related to two factors. First, such strata were depos

ited in relatively shallow-water depths proximal to their 
source terrane, as inferred from the overall palaeoenviron- 
mental setting of a fan delta-submarine fan system and the 
palaeobathymetric ranges of foraminiferal assemblages re
ported by Scott (1987) as either simply marine or outer 
neritic. Thus, water depth (and related environmental para
meters) was regarded as too shallow for the development of 
such graphoglyptids. Second, and in combination, mudstones 
interbedded with the turbiditic sandstones are rich in organic 
matter, a natural food resource, and this organic matter was 
presumably so abundantly available that organisms had no 
necessity to optimally utilize a given surface area and pro
duce graphoglyptids (cf. D’Alessandro et al., 1986).

While these observations are still difficult to dispute and 
still remain extremely plausible, the discovery of, albeit rare, 
graphoglyptids necessitates additional comment. A possible 
alternative explanation for the “general” absence of gra
phoglyptids is that burrowers responsible for their produc
tion were excluded from the muds as a result of dysaerobic or 
even anoxic conditions at, or particularly immediately be
low, the sediment-water interface, where the majority of 
graphoglyptids are produced prior to subsequent casting by 
turbidite deposition (Seilacher, 1977). Such conditions, as 
reflected by high organic content, dark colouration, presence 
of undisturbed lamination and general absence of bioturba- 
tion, and the presence of authigenic pyrite, are considered to 
have constituted the prevailing interstitial environment dur
ing deposition of the finer-grained sediments of the deep
water facies. Such an environment would, of course, have 
been inimical to the establishment of an infaunal benthos (see 
Pickerill and Brenchley, 1991, and references therein). 
However, within deep-water regimes it is not uncommon for 
redox conditions to exhibit episodic fluctuations so that the 
lower part of the water column and the muds at or immedi
ately below the sediment-water interface can become tempo
rarily oxygenated (for example, Savrda and Bottjer, 1986, 
1989a, 1989b). In such situations, elevated oxygen levels 
typically result in the temporary establishment of both epifau- 
nal and infaunal communities within an otherwise generally 
anoxic or dysaerobic environmental regime. Although in the 
Richmond Formation there is no direct evidence for fluctuat
ing redox conditions, such a scenario could have resulted in 
the periodic establishment of infaunal organisms responsible 
for the production of the graphoglyptid and other ichnotaxa 
ultimately preserved on a low proportion of sandstone soles. 
While such fluctuations in redox conditions are more com
monplace in deep-water regimes (Savrda and Bottjer, 1986, 
1989a, 1989b), they can exist in “neritic” water depths, 
similar to those envisaged during deposition of the relatively 
deep-water lithofacies of Richmond Formation, as a result of 
upward expansion of the oxygen minimum layer intersecting 
the sediment-water interface (for example, Leggett, 1978, 
1980; Pickerill and Hurst, 1983). Thus, the general exclusion 
of graphoglyptids in the Scolicia ichnocoenosis may well 
reflect a combination of the relatively shallow-water depths 
in which the turbiditic strata accumulated, the presence of 
abundant organic matter available for biological consump
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tion and the existence of fluctuating dysaerobic/anoxic and 
oxygenated conditions at, or immediately below, the sedi
ment-water interface.
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