FIGURE 7: Sedimentary infill of a Conostichus specimen (C-4) characterized by typical
carbonate-style preservation. There is a zoned infill, with a coarser and slightly darker outer rim
and a finer and slightly lighter inner core. This pattern is consistently observed in the infilling

material of specimens collected from the Napoleon quarry that display this style of preservation.
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FIGURE 8: Thin section under cross-polarized light showing typical infilling material of a

burrow from the Napoleon quarry that is characterized by carbonate-style preservation (C-6). A

variety of skeletal grains are present, producing a coarse-grained sediment.
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FIGURE 9: Thin section under cross-polarized light of a burrow from the Napoleon quarry

displaying carbonate-style preservation (C-12). The coarser outer zone is present to the upper
right of the image and the finer inner is present to the lower left. This zonation is also shown in

Figure 7.
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FIGURE 10: Thin section under reflected light showing sedimentary infill of a burrow

characterized by typical siliciclastic-style preservation (S-2). Infilling material consists nearly
entire of angular quartz silt grains, producing a sediment that is significantly finer than that

shown in Figures 8-9.
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DISCUSSION
Model for Preservation

The most important factor in controlling preservation of Conostichus appears to be grain
size rather than grain composition. This means that siliciclastic-style preservation, with delicate
external features retained, is not restricted to siliciclastic environments, but can instead occur in
any setting where fine-grained sediment can passively infill burrows. The reason that relatively
well-preserved examples of these trace fossils are rare in carbonate environments is related to the
most common particles that were capable of infilling burrows, specifically the abundance of
bioclastic material (Tucker, 1991). Skeletal elements such as crinoid ossicles and trilobite
segments are relatively large, very common in Paleozoic marine environments, and unusually
low in density, making them ideal candidates for material that would have easily been swept into
open burrows, even with relatively gentle currents (Thomka and Brett, 2015b). Despite being
readily transported, these particles are still too large to preserve fine details of burrow exteriors,
resulting in typical carbonate-style preservation. In situations where fine sediment—either
siliciclastic or micritic—can infill burrows, quality of preservation will increase.

The zonation observed in specimens displaying carbonate-style preservation (Fig. 7) is an
important part of Conostichus preservation at the Napoleon quarry. Because the coarser particles
are distributed around the exterior of the burrow, it is possible that these represent normally
graded fills. Mucous secreted by the sea anemone may have also helped in permitting sediments
to stick to the walls of burrows. There is abundant evidence for storm deposition in the interval
from which this sample was collected (Thomka and Brett, 2015b; Thomka et al., 2016a) and this
seems the most likely cause of episodic, rapid sedimentation. Hence, during intervals of

increased environmental energy (likely storms), relatively large but low-density bioclastic
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particles were easily transported into open burrow systems.

Broader Implications

In general, the quality of fossil preservation increases with rate of burial: in nearly all
instances, organismal remains or traces that are rapidly buried are better preserved than those
that were not. This is why event sedimentation, related to storms, turbidity currents, ashfalls, and
other processes, is so important to controlling patterns in the fossil record. The model for
preservation of Conostichus described in this study is somewhat contradictory to this logic, as
specimens that are more well-preserved are not necessarily associated with rapid burial. Because
episodic high-energy events in the carbonate environment represented by the study interval
produced graded fills in open burrow systems. This led to large but low-density bioclastic
particles being introduced into burrows; these sediments were too coarse to permit casting of
delicate details in the apical region or external margins of these structures. There is insufficient
evidence to determine whether the specimens composed of micritic carbonate sediment but
displaying siliciclastic-style preservation (Fig. 6) were infilled during quiet periods in between
storm events or whether these represent the result of more unusual situations.

Another potential influence on preservation of Conostichus in the Massie Formation at
the Napoleon quarry is the location of burrows relative to carbonate buildups. The surface
separating the basal carbonate bed of the Massie Formation and the overlying mudstone interval
(Fig. 2) serves as substrate for growth of microbioherms, which are small, mounded, patch reef-
like buildups (Thomka and Brett, 2015b). The presence of these features influenced
sedimentation patterns and fossil preservation at the Napoleon quarry in numerous ways,

including generating rings of muddier sediment surrounding microbioherms, perhaps because of
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sediment baffling; both siliciclastic mud and micrite are elevated in these areas (Thomka and
Brett, 2015b). It is possible that the unusually well-preserved specimens composed of micrite
(Fig. 6) represent burrows that were emplaced in sediment near microbioherms and infilled by
the micrite that was shed from these buildups. Since the specimens used in this study were
collected largely from spoil piles, it is impossible to determine their original position and
ongoing work will attempt to locate Conostichus burrows that in place. Nevertheless, it is worth
mentioning that the presence of microbioherms at the Napoleon quarry may have controlled or
affected sedimentation patterns in a previously unrecognized way. Further, the small number of
Conostichus specimens displaying unusual preservation may be due to the specific sub-
environment where they can be produced.

The major difference between Conostichus in siliciclastic and carbonate environments is
an excellent example of one the main issues in understanding the trace fossil record. Because
trace fossils must be recognized and correctly identified in order to provide information on the
community of organisms that occupied an environment as well as the environment itself,
variations in in trace fossil preservation between siliciclastic and carbonate deposits must be
recognized and described. As a result, the better that factors that control ichnofossil preservation
are understood, the more accurately paleontologists are able to compare and interpret
sedimentary deposits and identify the trace fossils within them (see Savrda, 2007).

Continued work on this issue must include expanding this case study to other localities to
test whether grain size is a more important factor than grain composition in other settings. These
studies should include both siliciclastic and carbonate deposits. Additional specimens of
Conostichus from the Napoleon quarry that retain delicate features but are composed of

carbonate sediments will undergo petrographic analysis. In addition, study of Conostichus
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preservation in carbonate environments will focus on the potential role of diagenesis in
controlling which features are retained, specifically determining whether infilling sediment was

cemented together very quickly relative to the timing of that process in other burrows.
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