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forming a mat, or in the water column, but their intimate association
with large quartz grains may indicate the latter (see Box 1).
Phytoplankton have been recognized in the form of leiospheres,
sphaeromorphs and spherical bodies attributed to the Prasinophyta,
a group of green algae (Tappan 1980; Gray et al. 1986). Acritarchs
(Gray et al. 1986; Aldridge et al. 2001) and small spore tetrads
(Cocks & Fortey 1986; Gray et al. 1986) also occur.

Chitinozoans are recorded after standard palynological prepar-
ation (Cramer et al. 1974; Vandenbroucke et al. 2009) but can also
be seen on bedding planes with a hand lens. Here they occur as
scattered individuals, in linked chains, in aggregated masses and
with associated organic envelopes interpreted to be cocoons
(Gabbott et al. 1998).

Palaeoecology

The parallel-laminated Soom Shale Member sediment lacks clear
bioturbation, although extremely rarely there may be some surficial
disturbance and there are possible pelletal textures. Unsurprisingly
then, the fauna of the Soom Shale preserves no infauna, except for a
handful of extremely small (<5 mm long) lingulid brachiopods.
These are bedding-parallel and may have been transported in, or
more probably they colonized during brief periods of bottom and
pore water oxygenation, dying as juveniles when anoxia was re-
established. There is a paucity of sessile epibenthos, accounting to
some extent for the low-diversity fauna when compared with other
marine, shallow-water Ordovician communities such as those in
north Wales and Scotland (Selden & Nudds 2012). Occasional
single, but more commonly clusters of brachiopods occur on
bedding planes, unassociated with orthoconic nautiloids, demon-
strating occasional bottom water oxygenation, but such occurrences
are rare. Gregarious nektobenthos include lobopods, eurypterids,
naraoiids, ostracods and trilobites. Evidently, bottom waters were
oxygenated for periods of time.

The fully motile nekton niche is represented by orthoconic nautiloids
(including their pseudoplanktic brachiopods), conodonts and agnathans.
As inmanyLagerstätten the record of zooplankton is impoverished but a
caryocaridid represents a mesopelagic taxon that was probably an active
swimmer (Vannier et al. 2003; Whittle et al. 2007).

There are several taxa associated with the orthoconic nautiloids.
Brachiopods and cornulitids are found on the orthocones; the
aligned, adaperturally opening cornulitids suggest that attachment
and growth occurred during the life of the orthocone, and size
distribution analysis of the brachiopods also indicated colonization
within the lifetime of the orthocone (Gabbott 1999). The presence
of ostracods in the body chambers of orthocones suggests a benthic,
or possibly nektobenthic scavenging mode of life, feeding on
cephalopod carrion (Gabbott et al. 2003).

There are taxa that are conspicuously missing from the fauna and
their absence provides some indication of the environment. For
example, that there are no echinoderms, gastropods and bivalves is
best explained through a persistently anoxic or euxinic seafloor, with
brief interludes of oxygenation; there is no evidence of a soupy

substrate prohibiting benthic colonization. Graptolites are another
fossil group notable for their absence, particularly because, in all
other records worldwide of carycarids (present in the Soom Shale)
they co-occur with graptolites, both being cosmopolitan constituents
of Ordovician plankton (Whittle et al. 2007). Therefore the absence
of graptolites in the Soom Shale is puzzling. Non-preservation is
unlikely; perhaps a cold-water setting precluded them.

Five categories of bromalite have been identified from the deposit
based on shape, content and internal structure (Aldridge et al.
2006). The presence of crushed discinoid valves in several
bromalite occurrences demonstrates that an effective durophagous
predator was present in the Soom Shale community. Furthermore,
the presence of broken conodont elements in other specimens
provides evidence that there was some tiering within the predatory
trophic level (Aldridge et al. 2006).

Taphonomy

The fossils of the Soom Shale show virtually no evidence of
transport and the spine-like Siphonacis parva, which would have
been very susceptible to even weak currents, demonstrates
alignment only in rare instances. The disarticulation and scavenging
of remains is also not apparent. Carcasses were delivered rapidly to a
relatively cold and often anoxic (and intermittently euxinic)
seafloor, where they may have been rapidly buried by either distal
turbidites or algal material (Gabbott et al. 2010).

In the Soom Shale original biominerals such as aragonite
(orthoconic nautiloids), calcite (trilobites) and even apatite (conodont
elements and brachiopods) are lost. Morphology is either recorded as
a mould or replicated by clays, alunite group minerals and rarely
quartz (Gabbott 1998). The nonbiomineralized tissues occur either as
clays (usually illites) or as carbonaceous films, with more labile
tissues exhibiting the former and more recalcitrant tissues the latter
preservation modes. This unusual mode of preservation where soft
tissues have apparently undergone clay mineralization (Gabbott
1998; Gabbott et al. 2001) has since been recorded in other deposits
(e.g. Zhu et al. 2005; Callow & Brasier 2009; Anderson et al. 2011;
Cai et al. 2012; Wacey et al. 2014). However, although rapid
stabilization of decaying tissues and their replacement by alumino-
silicates was postulated by Gabbott (1998), the complex diagenetic
and anchizone metamorphism experienced by the Soom Shale makes
it challenging to disentangle the role, if any, of clays in preservation.
Whether they undertook an active role in decay retardation, and
directly replaced the tissues, or whether they are diagenetic or
metamorphic artefacts is unknown. In the Burgess Shale alumino-
silicates are found on many taxa and are thought to have been the
result of volatilization of carbonaceous material during metamorph-
ism, which allowed clay mineral growth in voids (Butterfield et al.
2007; Page et al. 2008). However, convincing instances of
aluminosilicification of organic matter, and fossils, are known
(Wacey et al. 2014) as are records of bacterial mediation of clay
mineralization (e.g. Urrutia & Beveridge 1994; Fiore et al. 2011).
Furthermore, clay minerals are seen to attach to lobster eggs in decay

Fig. 4. (a) Frequently, bedding planes are covered with algal strands. Scale bar represents 10 mm. (b) The eurypterid Onychopterella augusti Braddy et al.
1995, showing preservation of muscles associated with appendages; GSSA C373a. Scale bar represents 20 mm. (c) The eyes and apparatus of Promissum
pulchrumKovács-Endrödy 1986; GSSA C351b. Scale bar represents 5 mm. (d) Body fossil of Promissum pulchrum, anterior to the right. The V-shaped
muscle blocks, liver (dark elongate patch on body), eye (silver circle to the right) and apparatus (below the eye) should be noted; GSSA C721b. Scale bar
represents 10 mm. (e) Ventral surface of enigmatic arthropod (part on left and counterpart on right; anterior to the top); GSSA C1707. Appendages are
directed inwards towards the centre of the organism. The appendages and general morphology of the fossil can be compared with crustaceans but a
definitive identification cannot be confirmed based on this single incomplete fossil (Whittle 2007). ta, thoracic appendages; aa, abdominal appendages; as,
anterior structures; gt, possible gut trace. (f ) Siphonacis parva showing typical straight (right) and bent (left) morphotypes; GSSA C520. Scale bar
represents 2.5 mm. (g) Siphonacis parva showing small projections from the central axis on one specimen; GSSA C935. Scale bar represents 2.5 mm.
(h) Segmented and lobed enigmatic fossil; GSSA C509; Scale bar represents 5 mm. (i) Possible agnatha; two subcircular dark patches are eyes and the dark
trapezoid is possibly the liver. Scale bar represents 5 mm.
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experiments (Martin et al. 2004). More work is required to determine
precisely the nature of the clays in the Soom Shale.

A range of geochemical redox proxies, includingMo abundance and
Fe, S and C relationships, indicate that the Soom Shale was a
dominantly anoxic and occasionally euxinic environment (Gabbott
1998). Loss of carbonate biominerals is attributed to low-pH waters
produced by the decomposition of copious organic matter. However,
extremely low pH values are required for dissolution of apatite and this
may have been facilitated by Fe becoming limiting to pyrite formation,
allowing a build-up of H2S in pore and bottom waters. The occasional
oxidation of such water may have produced acidity sufficient to
demineralize apatite (Gabbott 1998). In a core of black, unweathered
Soom Shale, a few conodont elements have been recovered and these
demonstrate demineralization, so at least in these cases recent
weathering cannot be invoked to account for mineral loss. However,
the extent to which this is the case across the deposit is not tested.

Conclusions

Fossils are rare and difficult to find in the Soom Shale but the
endeavour is worth while because the fauna provides us with an
unmatched view of Late Ordovician ecology in a unique
environment. The remains of hundreds of conodont bedding plane
assemblages, many with associated eyes, and a single specimen
with the trunk preserved, first brought attention to the Soom Shale.
However, it is likely to be the description of enigmatic taxa that will
ensure that this Lagerstätte continues to add significantly to
palaeobiological reconstructions of the biosphere of the end-
Ordovician, a time of dramatic biotic upheaval.
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