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FIGURE 6—Rose diagrams of the orientations of complete helicopla-
coid specimens on three separate slabs (samples P4-F19, P4-F43,
and P1-F1). Only the alignment of the specimens within each slab is
significant, not their orientations. Circle = percentage of specimens
present in the largest vectors in each diagram. N = number of spec-
imens in each diagram. See text for discussion of the circular statistics
of these rose diagrams.

while informative, does not detract from the conclusion
that helicoplacoids lived as sediment stickers, which is
strongly supported by the presence of specimens pre-
served in situ with their lower ends inserted upright in the
sediment (Dornbos and Bottjer, 2000).

The orientations of 33 specimens on 3 separate slabs
have some alignment, within each slab, when plotted on
rose diagrams (Fig. 6). Specimen orientations usually are
concentrated in one quadrant of the rose diagrams, with a
few outlying vectors. Furthermore, circular statistics show
that the vector alignment visible in these diagrams is sta-
tistically significant. The three diagrams (from samples
P4-F19, P4-F43, and P1-F1) have standard errors around
the mean vector of only 5.1%, 7.6%, and 4.8%, respectively.
The Rayleigh test of uniformity produces probabilities of
0.00, 0.02, and 0.00, respectively, signifying that the con-
centration of the vectors in these rose diagrams is statis-
tically significant. This statistically significant alignment
provides even more evidence for the preservation of heli-
coplacoids in obrution deposits.

There are several other factors that probably aided in
the preservation of helicoplacoids. First, extensive X-radi-
ography of helicoplacoid-bearing rocks reveals that biotur-
bation was both limited in extent and solely horizontal in
nature (see fig. 2 in Dornbos and Bottjer, 2000). In fact, the
majority of the stratigraphic section examined in this
manner had no signs of bioturbation (Dornbos and Bottjer,
2000). The low levels of strictly horizontal bioturbation in
the substrate on which the helicoplacoids were living, and
in which they were preserved, allowed for helicoplacoids to

remain relatively undisturbed by bioturbators following
burial (Brett et al., 1997b). These low levels of bioturba-
tion also may have allowed for the microbial stabilization
of the sediment in which helicoplacoids were buried, as ev-
idenced by the presence of suspect-microbial structures
such as wrinkle structures throughout the Middle Mem-
ber of the Poleta Formation, including the fossil locality
that is most abundant in helicoplacoids (Hagadorn and
Bottjer, 1999).

The combination of minimal bioturbation and possible
microbial stabilization of the substrate would have led to a
redox boundary that was just below the sediment-water
interface. This shallow redox boundary may have aided in
helicoplacoid preservation because once individuals were
buried to only a shallow depth, they would have been in a
reducing environment (Brett et al., 1997b). This reducing
environment would have slowed the further decay of these
helicoplacoids.

The usually calm depositional environment in which the
helicoplacoids lived also helped facilitate their preserva-
tion. While this may appear counterintuitive because they
are preserved in higher energy obrution events caused by
storms, the preservation of the resulting periodic obrution
deposits is dependent on a relatively calm background de-
positional environment (Brett et al., 1997b). For example,
in a nearshore environment where high-energy deposi-
tional events occur one after the other, their deposits are
continually obliterated by subsequent high-energy depo-
sitional events, preventing the accumulation of obrution
deposits (Brett et al., 1997b). On the other hand, in the off-
shore setting in which helicoplacoids are preserved, obru-
tion deposits are infrequent and thereby preserved be-
cause they are not destroyed by subsequent high-energy
depositional events.

A delicate balance of energy regimes thus is required to
form obrution deposits like those in which the helicopla-
coids are preserved. The ideal setting for the formation
and preservation of these obrution deposits is a calm, low-
energy environment punctuated by occasional higher-en-
ergy events such as storms (Brett et al., 1997b). This is
precisely the paleoenvironment reconstructed from our X-
radiographic evidence. Because the exquisite preservation
of helicoplacoid specimens is restricted to the Middle
Member of the Poleta Formation in the Westgard Pass
area, it seems that the proper balance of energy regimes,
in conjunction with the favorable factors discussed above,
was achieved in this region, allowing for the development
of a taphonomic window in which these helicoplacoids
were preserved.

It is interesting to note that many of the attributes of
the late Neoproterozoic biotope defined by Hagadorn and
Bottjer (1999), such as low levels of bioturbation and mi-
crobial stabilization of the substrate, also probably aided
in helicoplacoid preservation. Dornbos and Bottjer (2000)
have demonstrated that helicoplacoids also were well-
adapted to, and dependent on, these substrate conditions.
Because of this dependence, helicoplacoids may have be-
come extinct due to the increase in vertical bioturbation in
shelf environments that accompanied the restriction of
the late Neoproterozoic biotope during the Cambrian (Ha-
gadorn and Bottjer, 1999; Bottjer et al., 2000). It appears,
then, that the preservation of helicoplacoids was aided by
some of the same substrate conditions on which they de-
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pended for survival. As discussed previously, however, the
proper balance of energy regimes is probably the domi-
nant contributor to helicoplacoid preservation.

LOWER CAMBRIAN ECHINODERM PLATE BEDS
AND HELICOPLACOID OCCURRENCES

Considering that whole specimens of helicoplacoids are
preserved in a taphonomic window exposed in the West-
gard Pass area of California, it is reasonable to presume
that they lived in other depositional environments but
simply were not preserved therein. Because most helico-
placoids are preserved as beds of disarticulated plates
(Durham, 1993), the presence of echinoderm plate beds in
Lower Cambrian rocks may indicate their presence in
these depositional environments, because they, along with
a few edrioasteroids, are among the only skeletonized
echinoderms present in the Early Cambrian. With this in
mind, a search of the literature was undertaken to deter-
mine the facies distribution of Lower Cambrian echino-
derm plate beds as well as individual helicoplacoids.

Li and Droser (1997) conducted a study of Cambrian
shell beds but found none dominated by echinoderm plates
in the Early Cambrian. This is probably because helicopla-
coid plate beds are relatively rare during this time period
and also because helicoplacoid plate beds are usually very
thin (<5mm); hence, in outcrop they are virtually unrec-
ognizable without close examination. Significant echino-
derm plate beds do not appear until the Middle Cambrian
(Li and Droser, 1997), when helicoplacoids are no longer
present in the fossil record. The occurrence of Lower Cam-
brian echinoderm plate beds, therefore, provides little ev-
idence for the facies distribution of helicoplacoids because
none have been reported outside of localities where speci-
mens have been found.

Durham (1993), while not dealing with echinoderm
plate beds, does provide all known localities at which hel-
icoplacoid specimens have been found prior to this study.
Besides Westgard Pass, where the vast majority of helico-
placoid specimens have been recovered, helicoplacoids
have been found in the Wood Canyon Formation in the
Death Valley area of California, the Silver Peak area of
Nevada, and at a locality in British Columbia, Canada
(Durham, 1993). In these instances, except for the Wood
Canyon Formation which contains shales and carbonates,
Durham (1993) did not provide information on what facies
these specimens are preserved in. Durham (1993) also
mentioned that disarticulated helicoplacoid plates have
been found in southwestern Nevada and northeastern
Washington. But, again, no facies information was provid-
ed (Durham, 1993). It does seem clear, based on the distri-
bution of helicoplacoid specimens throughout western
North America, that helicoplacoids were distributed wide-
ly along the northern coast of Laurentia during the Early
Cambrian.

Helicoplacoid specimens in the Poleta Formation most
commonly are found in the shales of the Middle Member.
However, rare specimens also have been found in the
sandstone and bioclastic limestone facies of the Middle
Member (Durham, 1993), indicating that helicoplacoids
were not restricted to living in strictly muddy offshore en-
vironments. Although little data exist on the facies distri-
bution of helicoplacoids and Lower Cambrian echinoderm

plate beds, the work that has been done thus far indicates
that helicoplacoids had a relatively broad geographical
distribution along the northern coast of Laurentia and, be-
cause they are preserved in shale, sandstone, and lime-
stone facies of the Middle Member of the Poleta Forma-
tion, probably were not restricted to living in a single de-
positional environment. As discussed above, helicopla-
coids were preserved in abundance in Westgard Pass, not
because that is the only place in which they lived but be-
cause of a taphonomic window.

The fact that helicoplacoids may have lived in environ-
ments other than those represented in shales of the Mid-
dle Member of the Poleta Formation does not affect the hy-
pothesis that their survival was dependent on the sharp
sediment-water interface and firmer substrate provided
by low levels of vertical bioturbation (Dornbos and Bottjer,
2000). As long as the above substrate conditions existed,
helicoplacoids probably could have survived irregardless
of the composition of the substrate on which they lived. In
fact, they very likely were better adapted for living on
coarser sediments because their water vascular systems
probably were particularly sensitive to fine suspended
sediment (Seilacher et al., 1985).

CONCLUSIONS

(1) Because their plates were held together only by soft
tissue, allowing for their rapid decay and disarticulation
on the seafloor, helicoplacoids were preserved in obrution
(rapid burial) deposits.

(2) The majority of helicoplacoids collected in this study
(69%) and those in the LACMNH (62%) are Group 2 (par-
tially disarticulated) specimens.

(3) X-radiography indicates that Group 3 (almost com-
pletely disarticulated) specimens are commonly associat-
ed with higher-energy regimes than are Group 1 (well-pre-
served, with slight degree of disarticulation) specimens.
This pattern may be due to the further disarticulation of
Group 3 individuals during the transport associated with
their burial in an obrution event.

(4) The predominance of Group 2 specimens probably is
due to the combination of pre-burial decay of helicopla-
coids on the seafloor and post-burial decay of helicopla-
coids under the seafloor.

(5) Most (73%) helicoplacoid specimens are preserved on
the same bedding plane as at least one other individual,
while many (39%) are preserved on a bedding plane con-
taining at least 10 individuals. These numbers indicate
that helicoplacoids were gregarious and often preserved in
mass mortality obrution events.

(6) The vast majority (78%) of specimens show no pref-
erential preservation of any particular body region, sug-
gesting that the lower region of helicoplacoids was not con-
structed more rigidly than other areas of the skeleton.

(7) The orientations of 33 specimens on 3 separate slabs
show statistically significant alignment within each slab,
providing additional evidence for the preservation of heli-
coplacoids in obrution deposits.

(8) The preservation of helicoplacoids also was aided by
low levels of bioturbation, possible microbial stabilization
of the substrate, a shallow redox boundary, and a low en-
ergy depositional environment capable of preserving the
obrution deposits once they formed.
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(9) It seems probable that the magnificent preservation
of helicoplacoids is restricted to the Middle Member of the
Poleta Formation of Westgard Pass because in the Early
Cambrian it is in this region where the proper balance of
energy regimes, in conjunction with the favorable factors
discussed above, was achieved.

(10) The presence of helicoplacoids in shale, sandstone,
and limestone facies of the Middle Member of the Poleta
Formation suggests that helicoplacoids lived in other en-
vironments than offshore muds.
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