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ABSTRACT—The Walcoit-Rust Quarry, at Trenton Falls, New York, has yielded a large number of well-preserved, fully articulated
fossils from the lower third of the Middle Ordovician Rust Formation, Trenton Group. Along with three species of the more common
trilobites from the Treaton Group, fourteen species of rare and uncomsmon trilobites are found within a thin package of micritic
himestones and shales. The first trilobites with preserved appendages, Ceraurus pleurexanthemus Green, 1832 and Flexicalymene senaria
(Conrad, 1842), were described from one layer from this quarry, Unique specimens of Isotelus walcotti Ulrich in Walcott, 1918, and
Sphaerocorphe robusta Walcott, 1875, were found in the next higher bed, Re-excavation of the quarry yielded information about the
taphonomy of the trilobites and stratigraphy of the trilobite layers. Nearly half of the beds surveyed (n = 50) yield direct evidence of
obrution {i.e., rapid post-mortem or live burial} of benthic organisms. Unusual anaerobic microenvironments in partially enrolled
trilobites of the Ceraurus layer facilitated very early calcification of appendages and other soft parts.

INTRODUCTION

Mos"r OF THE CLASSIC ftrilobite Lagerstitten (e.g.. Burgess
Shale, Beecher’s Trilobite Bed, and Hunnsriick Shale)
have received extensive recent systematic, taphonomic, and pa-
Iecenvironmental study (see Whittington and Conway-Mortis,
1985 and references therein; Gould, 1989; Cisne, 1973, 1981;
Allison, 1988; Briggs, Bottrel, and Raiswell, 1991; Allison and
Briggs, 1991; and references therein). However, one such oc-
currence has largely escaped recent study: the Middle Ordovi-
cian Walcoti-Rust site in central New York State. Ironically, this
site was discovered and extensively collected by Charles Doo-
Hitle Walcott over one hundred years ago and some forty years
before he made his more famous discovery at Burgess Pass in
British Columbia.

The Walcott-Rust Quarry site provides an excellent study of
obrution Lagerstiitten; i.e., rapidly buried or “smothered” fossil
assemblages (see Seilacher et al., 1985; Brett and Seilacher,
1991). The beds of the Walcott-Rust Quarry, now assigned to
the Spiliway Member of the Rust Formation, comprise a series
of fine-grained limestones (calcilutite to fine-grained calcarenite)
and shales. Many of these thin layers yield evidence for rapid

deposition as distal carbonate turbidites or storm layers. Exqui-.

sitely-preserved fossils, including at least 18 species of trilobites,
occur at the bases and tops, and within a number of such beds.
One layer yields specimens that are uniquely preserved with
calcified appendages; these were extensively studied by the
young Charles Walcott. They formed the basis of one of his
earliest and still classic papers which first documented biramous
limbs of trilobites. :
Recently the old fossil quarry site, first excavated by Walcott
and Willlam Rust, was reopened by one of us (TEW) and ex-
tensively examined for the purpose of documenting layer by
layer the fossil assemblages and the taphonomy. This paper pre-
sents an overview of the results of this collaborative study. Our
objectives include: 1) documenting the precise stratigraphic lev-
els of fossil assemblages from the quarry; 2) listing and updating
the species of the trilobites from these beds; 3) documenting the
sedimentology and taphonomy of trilobite-bearing beds from the
quarry including orientation, alignment, position within beds,

and petrology and geochemistry of soft-tissue presefyation; and
4) providing an interpretation of the paleoenvironmental, setting -

and mode of origin of these unique beds.

i
i

HISTORICAL OVERVIEW

In 1870 Walcott, then 20 years of age, discovered a trilobite
bed in Middle Ordovician limestones on a creek near the farm
of William Rust, where he had recently moved (Walcott, 1918;
Yochelson, 1967, 1998). The creck, named “Gray’s Brook” by
Walcott in his diary and on specimens, was located en the farm
of a Mr. Henry Gray adjacent to the Rust farm. The Rust farm
was in the Town of Russia near the western part of Herkimer
County, New York, east of the Trenton Gorge on West Canada
Creek. The actual quarry is about three-quarters of a mile east
of Trenton High Falls in the bed of a creek, unnamed on topo-
graphic maps (Gray’s brook of Walcott) (Fig. 1).

Walcott and Rust began to quarry the site to ““mine” the rich-
ness of trilobites and other fossils. In 1873 Walcott and Rust
sold their collections to Louis Agassiz at the Museum of Com-
parative Zoology (MCZ), Harvard University. In this sale Wal-
cott came to know Louis Agassiz who convinced him to pursue
a career in paleontology rather than as a professional fossil col-
lector. In this initial meeting Walcott also mentioned that he had
seen evidence of appendages and soft tissue in some of the tri-
lobites he had collected. Agassiz recommended that he pursue
this line of research.

Walcott Ieft the area and active working of the quarry in 1876
although he returned for brief periods throughout his career. In
1877 Walcott published the first of several papers on appendages
of Ceraurus and Flexicalymene. In 1879 Walcott moved to
Washington, D. C. where he had obtained an appointment to the
new United States Geological Survey. He also sold the fossils
he had collected between 1873 and 1879 to Alexander Agassiz
at the MCZ.

Rust and his friends continued to extract and sell specimens
from the quarry until Rust’s death in 1897. By measuring the
overburden piles and understanding "how a fossil quarry is
mined, it is estimated that over the years 8,600 square feet were
excavated. : .

The fossil quarry site was named the “Rust Quarry” by Delo
(1934). This name, however, had been used previously for the

“limestone quarry excavated by Rust for his lmekiln along the

banks of West Canada Creek in the Steaben Limestone. Con-
sequently, ‘'we name the fossil site the “Walcott-Rust Quarry”
because of its discovery by Walcott and the collections Rust and
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Figure I—(Top) Map of New York State showing the location of Wal-
coti-Rust Quarry area. (after Rudkin and Tripp, 1989); (Bottom) Lo-
cation of exposures of the Walcott-Rust Quarry beds, Walcott-Rust
Quarry site (x), the Spillway Member in the Trenton Gorge, immedi-
ately south of the Niagara-Mohawk power dam on the east side of
West Canada Creek in the gorge (S}, the Prospect beds on the east side
of West Canada Creek immediately south of the bridge over the creck
leading into Prospecet, New York (P) (modified from Rudkin aud Tripp,
1989).

J
i

others made which are now in the Museum of Comparative Zo-
ology, New York State Museum and the Smithsonian Institution.

The location of this site was first published by Rudkin and
Tripp (1989) in their review of Isotelus gigas. The qlte is pres-
ently on the property of Robert and Elizabeth Mannmg in the
town of Russia, New York,

The floor of the original quarry and the hnnt of the current

excavation was a layer beneath the Ceraurus layer, a bed noted

for the trilobites with preserved appendages. The Walcott-Rust .

Quarry is the single richest and most varied source of trilobites
in the New York Trenton Group limestones and perhaps in the

entire suite of New York Paleozoic rocks. The presence of so
many well preserved trilobites in one location alone qualifies the
beds as an exceptional trilobite site, but the beds are further
distinguished as the source of the first trilobites for which ap-
pendages were definitively described.

MATERIALS AND METHODS

Starting in 1990, the beds along the creck and in the walls of
the former quarry were systematically excavated by TEW and
labeled piles of the various layers were left to weather. In this
report we use the term “layer” to imply units that form discrete
ledges in outcrops. These layers are separated by recessive
weathering shales. We use the term “bed” for individual de-
positional units bounded by bedding planes. In many cases, two
or more beds are amalgamated in the discretely weathering ““lay-
ers.”

In all, 35 layers were excavated through an interval of slightly
less than 2 meters and examined in detail for trilobite material.
The layers were evaluated by cuiting cross-sections, polishing
the section to a 600 grit, and then efching it in 5 percent hy-
drochloric acid for thirty seconds. These 35 layers and their
shaly “interlayers” are subdivided into at least fifty beds. Many
limestones initially described as “beds” are actually amalgams
of two or more beds. In heavily bioturbated layers, however, the
distinction between amalgamated beds is blurred.

STRATIGRAPHIC SETTING

The quarry beds are located within the Middle Ordovician
Trenton Group. The Trenton Group is named for the Trenton
Gorge at Trenton Falls along West Canada Creek about 20 km
(12 miles) north of Utica, New York (Fig. 1}. Only about the
upper two-thirds of the Trenton Group is exposed within the
gorge but this exposure is continuous from the upper part of the
Sugar River Formation at the base of the exposure through the
Steuben Formation at the top (Brett and Baird, in press). The
name Rust (Member of the Cobourg Formation) was first as-
signed by Kay (1943) for the former Rust farm adjacent to the
Trenton Gorge. The Rust (member) was subsequently assigned
to the Denley Formation but it has recently been extensively
restudied and assigned to formation status (Brett and Baird, in
press) (Fig. 2). This part of the Trenton is of late Shermanian
(Caradocian) age and close to the Corynoides americanus to
lowest Orthograptus ruedemanni graptolite zonal boundary
(Mitchell et al., 1954).

The precise biostratigraphic dating of the Rust limestones re-
mains in question. Conodonts indicate that this interval falls
within the broadly defined Amorphognathus superbus zone
(Goldman et al, 1994). However, precise calibration with the
more refined graptolite biostratigraphic zonation has proven to
be difficult because the carbonate facies of the upper part of the
Trenton Group, while containing some graptolites, have yielded
no diagnostic species. Correlation of marker beds, including sev-
eral key K-bentonite horizons from the type Trenton Falls area
into .adjacent sections of relatively condensed nodular limestone
and dark shale to the southeast near Middleville, have provided
indirect evidence that the lower portion of the Rust Limestone
falls within the Corynoides americanus zone (Mitchell et al.,
1994). At City Brook near Middleville a 3 m thick interval of
nodular to tabular argillacecus limestone, equivalent to lower
Rust, is abruptly overlain by dark shales with interbedded tab-
ular micrites of the facies referred to as the Dolgeville Forma-
tion. Approximately one meter above this transition, dark shales

"have yielded graptolites diagnostic of the basal Orthograpius
ruedemani zone (C. Mitchell, personal commun.). It is probable
-that the Prospect Beds of the Rust are approximately equivalent

to these dark shales to the southeast, If so, then indirectly at




290

FigurE 2—Stratigraphy of the Trenton Group at the type location, Tren-
ton Falls, New York (after Brett and Baird, in press). The location of
the Walcott-Rust Quarry beds within the Spillway Member is marked
with WRQ and a horizontal arrow. The Spillway Member is 10.3 me-
ters thick within the Trenton Gorge.

least portions of the Prospect Beds may be dated as near the
base of the O. ruedemanni graptolite zone.

The limestones of the Rust Formation are generally thinly
bedded, highly bioturbated, rather monotonous skeletal wacke-
and packstones. The most distinctive parts of the Rust are the

“disturbed zones™ conspicuous in the Mill Dam Member of the .

lower Rust and near the middle of the formation in the Spillway
Member. In the type location, within the Trenton Gorge, there
is a dam spillway with a disturbed zone, evidently a submarine
channel filled by slumped shaly limestone. Forther north, ap the
gorge, are 25 cm thick large slabs of overturned beds, suggesting
submarine slumping of these beds (Brett and Baird, in press).
The Walcott-Rust Quarry is excavated into beds of the lowei

part of the Rust Formation below the disturbed zone. These beds-
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are a distinctive one meter package of generally tabuia’r, ﬁr'l.'e_" ¥
grained lime mudstone (micrite or calcilutite), with only a few

of the more typical bioturbated beds. Because the quarry beds
differ so much from most beds in the Rust Formation they are
readily correlated with a distinctive fine-grained interval about
two miles northwest of the quarry, near the village of Prospect
at the upper end of the gorge. The total thickness of these beds,
including the guarded interval, is now referred to as Spillway
Member (Brell and Baird, in press). Due to the southerly dip of
the ‘Trenton Group in this area, the Walcott-Rust Quarry beds
can also be found at the dam spillway inside the gorge where
their top lies about one meter below the bottom of the middle
distorbed zone. The beds in the gorge are about twelve meters
above the base of the Rust Formation,

The Rust Limestone passes to the northwest into more nodular
skeletal pack- and grainstones referred to as the Verulam For-
mation in Ontario, Canada. To the southeast, detailed correla-
tions of K-bentonites prove that the lower portion of the Rust
Formation thins dramatically to near zero in the vicinity of Mid-
dleville, New York. The middle and upper portions of the Rust
appear to grade laterally into dark shales and turbiditic silty to
lutitic limestones of the Dolgeville Formation. A distinctive
black shale interval with abundant Triarthrus trilobites that oc-
curs eastward from a creek near Little Falls, New York, may
correlate with the thin bedded limestones and shales of the quar-
ried beds.

The coarser pack- and grainstones of the upper Rust and prob-
ably the Stueben limestone appear to pass laterally to the dis-
tinctive package of interbedded lutites and dark shales referred
to as the Dolgeville Formation. The deformed beds within the
upper Rust and Stueben may correlate with zones of deformation
within and near the top of the Dolgeville,

FACIES AND PALEOENVIRONMENTS

During the Middle Ordovician, the North America craton was
tropical, with New York State located about 20 degrees south
of the paleoequator (Witzke, 1990). Using present directions, to
the west and north of the area of interest lay a great carbonate
bank and to the east, a subsiding basin. This basin and the still

~more eastward tectonic activity was the result of the Taconic

Orogeny, probably resulting from an island arc collision (Row-
ley and Kidd, 1981, Bradley and Kidd, 1991). The carbonates
of the Rust Formation were deposited on a distal ramp, strongly
influenced by widely spaced storm deposits and occasional seis-
mic disruptions. In the Trenton Falls area the sea fioor lay below
storm wave base, within the photic zone, and in well-oxygenated
water.

The Rust Limestone has been divided into a series of shal-
lowing upward cycles {Brett and Baird, in press). These cycles
commence with dark shales and tabular lutites, such as those
which characterize the Walcott-Rust Quarry beds of the Spillway
Member. These tabular, fine grained limestones and shales pass
upward within a one to three meter interval into nodular skeletal
wacke- and packstone facies rich in crinoid debris and cepha-
lopeds. More- compact and heavily bioturbated nodular lime-
stone at the tops of the cycles are abruptly overlain by the next
set of lutites and shales, the contact between these unifs repre-
senting a flooding surface. The quarry beds represent one of the
deepest water intervals during the deposition of Rust Limestone
as -a whole. These shales and lutites rest sharply on relatively
compact, nodular beds at Prospect, New York and at Trenton
Talls proper; at the latter locality the more massive beds appear
to cap the Mill Dam waterfalls in West Canada Creek. As such,

‘the Walcoit-Rust Quarry beds of the Spillway Member seem to

tepresent a period of abrupt deepening. The lateral correlations
suggest that this interval may be associated with widespread
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very dark shales (““Valley Brook Shale’) in the more basinal
Flat Creek (“Canajoharie”) Formation to the southeast. This
abrupt deepening may record either a pulse of subsidence in the
foreland basin related to tectonic loading in the Taconic Orogen,
or a minor eustatic sea-level rise, or both. Whatever the case,
there appears to be a widespread interruption in the general de-
position of nodular limestones which characterize most of the
Rust Formation. That tectonic action was involved is suggested
by the fact that the guarry beds are overlain abruptly by thicker
bedded limestones and chammelized nodular limestones, which
have undergone severe synsedimentary deformation (upper dis-
turbed zone of Kay, 1943),

The Walcott-Rust quarry beds grade upward into thin nodular
limestones ultimately capped by shelly packstones that were de-
posited prior to the development of deformation zones. The up-
permost Rust and overlying Steuben limestones record a general
upward shallowing trend from deeper shelf to very shallow cur-
rent agitated crinoidal shoals. This regression may represent tec-
tonic uplifting of an arch or forebulge associated with down-to-
the-east basin subsidence. However, following a period of gen-
eral shallowing the region of Trenton Falls experienced an
abrupt pulse of deepening during which black shales spread over
the entire area.

In terms of sequence stratigraphy the Walcott-Rust Quarry
beds represent an early highstand following a marine flooding
surface. These are probably a part of a fourth or fifth order cycle
or parasequence representing a few hundred thousand years of
deepening and shallowing within the basin. However, the overall
pattern may have been produced tectonically.

During the time of relative shelf deepening represented by the
Walcott-Rust Quarry beds, the typical accumulation of back-
ground bioturbated carbonate skeletal debris and mud was in-
terrapted. In a regime of relative sediment starvation the primary
sediments to accumulate were thin clay beds, and episodic car-
bonate silts and muds were deposited from storm-generated gra-
dient or turbidity cuirents. The latter apparently moved from
northwestern shelf areas to the southeast down a somewhat
steepened ramp that led into the dysoxic foreland basin, The
well preserved and diverse trilobites and echinoderms repre-
sented in the Walcott-Rust guarry beds reflect a deeper shelf
community that developed during times of rather low net sedi-
mentation and minimal bioturbation of the bottom. These com-
munities were episodically smothered by sediment layers resus-
pended by storms in shallower water, To the east these deeper
shelf conditions gave way to dysoxic organic rich mud bottom

of the Flat Creek Formation which also shows episodic distar-

bance by mud layers (i.e., thin bioturbated layers separating bar-
ren or sparsely fossiliferous mudstones; layers of well preserved
graptolites and Triarthrus trilobites).

Somewhat similar facies occur at the bases of several other
cycles and some have vielded complete trilobites and crinoids

although not in such profusion as that found in the Walcott-Rust -

Quarry beds. Deeper shelf conditions throughout the Trenton

seem mainly to have heen characterized by trilobites such as-

Isotelus and Flexicalymene. Cergurus is typically rarer. The
Walcott-Rust Quarry beds show a unique epibole of Ceraurus
{sec Brett and Baird, 1997, for general discussion). Conversely,
Flexicalymene is not particularly common in these sediments. It
remains uncertain what environmental conditions favored one
species over the other.

DETAILED TAPHONOMY AND SEDIMENTOLOGY
Trilobite material is common throughout the quarried mterval

but the best preserved and most abundant articulated tnlobltcs:_

are found in four layers (Fig. 3). '
Layer 3.—The lowest of the rich trilobite layers is layer 3.
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Figure 3—Primary trilobite layers in the Walcott-Rust Quarry (Layers
3,4, 8, 13, and 14). The layer numbering, on the left side, corresponds
to the layer references in the paper. Layer 1 forms a small waterfalt
approximately 45 meters south-southwest of a culvert under the aban-
doned railroad grade. Layer 1 also forms the northeast dipping base of
the quarry. This same layer is exposed on the east side of West Canada
Creck immediately south of the bridge at Prospect, New York. At this
exposure the layer dips to the south and is underwater where it crosses
the creek. Layers 1 through 14 are (.88 meters thick at the quairy site.

Sigrificant shale interlayezs

This layer varies from 10 to 50 mm in thickness and has a
complex history, as it includes at least two beds. The lower
portion is a homogencous calcilutite or micrite with scattered
vertical burrows. The upper part is laminated dark and light
calcisiltite and siltstone grading into mudstone. The lower tri-
lobite bed also displays dark calcisiltite bands suggesting intez-
ruptions in the deposition of the layer,

The base of the lower bed (i.e., the base -of layer 3) contains
numerous articalated trilobites. Layer 3 was called the Ceraurus
layer by ‘Walcott (1875¢) because of the very common occur-
rence of whole Ceraurus pleurexanthemus on the base of the
layer, within it and oz the upper surface. Although Ceraurus is
the most common tiilobite, Meadowtownella, Flexicalymene,
Achatella, and Calyptanlax are also found on the base of the

" layer in the same order of abundance as listed. A similar pop-
. ulation of trilobites is also found in the immediately subjacent
“tightly adhering shales. Trilobites are typically found with part

of the exoskeleton within the shale and part within the lowest

‘portion of the limestone. Those trilobites on the base are almost

always dofsal surface down, ie., upside-down (=98 percent)
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Fioure 4—The attitude or orientation of the Cerqurus on the base and
upper surface of layer 3, the “Cerauwrus layer.” The Ceraurus on the
base arc more than 98 percent ventral surface nppermost and those on
the top of the layer are 60 percent dorsal surface uppermost.

(Fig. 4). There is a broad distribution of sizes from 3 to 38 mm
in length with the mean being at ~8 mm (Fig. 5). There is also
some current alignment from the ENE to the WSW (Fig. 6). In
addition, the crinoids Cincinnaticrinus multibrachiatus and Ec-
tenocrinus simplex are common on this surface, some with long
pieces of stem articulated but never with holdfasts. Prasepora
lenticularis is also found on the base in abundance. This latter,
uncommon bryozoan has not been reported since late in the last
century (Roger Cuffy, personal commun.). Many spectmens of
this bryozoan display a unique wedge-shaped attachment scar
attributed to a hyolith that served as a substrate for initial set-
tlement (Brett and White, in preparation).

Ceraurus, particularly, and Flexicalymene are also found

within layer 3. It was in these trilobites that Walcott first dis-

covered unequivocal trilobite appendages (Walcott, 1876). The
internal trilobites within the layer are mostly found prone, dorsal

surface down, but occasionally they are semi-enrolled. Append--

age preservation is exclusively within the semi-enrolled speci-
mens.

The upper bed of layer 3 shows cross-laminated silts and lam-
inated scour fillings. The laminae dip primarily to the northwest.
Ceraurus are also found on the upper surface of the layer but
in much lower concentrations than on the base. This surface
features larger trilobites (Fig. 5} than that on the base and 60
percent of the specimens are dorsal-surface-up (Fig. 4). In ad-
dition to the trilobites, articulated crowns of Jocrinus trentonen-
sis Walcott, 1883, are commonly found on this upper- surface,
These crinoids are rare elsewhere in the quarry. The crinoids
commonly have short pieces of the stem attached and some are
partially buried in the first few millimeters of the uppermost
limestone. Many of the crinoids exposed on the upper surface
show some disarticulation, but the parts are rarely scattered: One
explanation for this preservation is that the crinoids were killed
during the later stages of the event and lay exposed -on the sur-
face for a short time. Just as decay induced disarticulation began,
another layer of siliciclastic silt was deposited on top ofthem.

Layer 4.—Layer 4 is separated from layer 3 by a calcareous
- shale bed. This layer is an amalgamated, irregular interval, 70

> to 80 mm thick, composed of two closely stacked beds, a lower
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FIGURE 5—The length {sag.) of the Ceraurus found on the base (squares)
and the top (diamonds) of layer 3.

calcilatite and an upper calcisiltite to fine calcarenite, These di-
visions are more closely demarcated than are the beds in layer 3.

The lower bed is lightly burrowed and the upper bed mod-
erately bioturbated. The sole of the basal calcilutite is sparsely
fossiliferous with trilobites, echinoderms, brachiopods and un-
identified debris. Rare articulated specimens of the trilobite

TRILOB{TE ORIENTATION
ON THE LOWER SURFACE

LONG AXI|S. CEPHALON DIRECTION

SOUTH

. Flaure 6—The azimuthal orientation of the Ceraurus on the base of layer

3 The orientation is measured along the long axis towards cephalon.
For plotling purposes the data were grouped in 30 degree increments.
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Sphaerocorphe vobusta, the stylophoran Ateleocystites balano-
ides and an unidentified crinoid are found on the base. The top
of this lower bed exhibits a sharp contact with the upper bed; it
also shows apparent scour fills of laminated light and dark cal-
cisiltite or very fine calcarenite.

Layer 4 is called the Isotelus layer because of the number of
small, whole Isotelus taken from the interior of the unit. Two
species are represented, Isotelus gigns and Isotelus walcotti.
They are all small holaspids oriented somewhat randomly within
the layer. Of the Isotelus collected from this layer, 31 had the
dorsal surface uppermost; 16 had the ventral surface uppermost;
10 are of uncertain orientation; and four are nearly vertical in
the matrix, two with cephalon vp and two down. The specimens
are prone (not enrolled), fully inflated, and undistorted, arguing
for an early cementation of the bed before significant compac-
tion.

The upper bed of the layer is highly undulatory as a result of
soft sediment deformation. It is tightly welded to the overlying
layer 5 and only separates after significant weathering. Fossils
are not apparent on this surface.

Because of the presence of Isotelus walcotti and Sphaerocor-
phe robusta, which are not known anywhere else in the Rust
Formation or in the entire New York Trenton Group, this layer
can be considered an epibole (see Brett and Baird, 1997 for a
discussion of epiboles) marked by the abundance of normally
rare and unusual species not recorded elsewhere in the area.
Whether these trilobites record a short term in migration from
another area is unknown.

Layer 8—Layer 8 is the next higher bed that contains artic-
ulated trilobites. This unit consists primarily of a tabular calci-
lutite or micrite and is commonly amalgamated to a lower hash

bed. Accordingly it is generally impossible to observe details of

the base of the calcilutite. The layer is about 10 cm thick, on
average, and highly burrowed with some burrows extending to
the base. Well preserved fossils are found scattered throughout
the interior matrix but, as a rule, not on the base or top.
Ceraurus is the most common trilobite and is usvally found
in groups, although isclated individuals are not uncommon.
Large Isotelus gigas, Calyptaulax, Flexicalymene, and Hypodi-
cranofus have also been found inside this layer. Orientation of
trilobites within the layer is not recorded but appears to be ran-
dom, In addition the uncommon fossil cnidarian(?) Conchopeltis
alternata Walcott, 1877, (see Oliver, 1982) has been found near
the base of the micritic portion. !
Layer 13 (14). -—Layer 13 (14) is distinguished from those

previously mentioned in that it is fine grained, fossiliferous;cal--

carenite or biomicrite. This layer is highly lenticular, 40 to 80
mm thick and associated with a package of layers of similar
composition and character. Due to the lenticular nature of this
and the immediately adjacent layers it is often difficult t dis-
tinguish them in different parts of the quarry. The compositions
are also near identical. Tn the thicker portions, the base is fos-
siliferous with occasional specimens of Ceraurus, Meadowtow-
nella and the machaeridian Lepidocoleus jamesi. The interior of
the layer has trepostome bryozoans and orthoconic nautiloids,
The nautiloids are spar-filled, indicating that living individuals
were buried in the svent which formed the bed. Inside this layer
large Isofelus gigas, Flexicalymene, Hypodicranotus, Bumasio-
ides holei, and Amphilichas cornutus have been found:

TAPHONOMY: SUMMARY AND INTERPRETATIONS
Of the more than 50 beds (35 layers), 22 were found to yield

at least one complete articulated trilobite and/or echinoderm
(Fig. 3, Table 1). Hence, nearly half of these units'show some
evidence of being dep0s1ted rapidly as short-term events. Com-
plete trilobites are most typical of the calcilutites, but are also-

293

found in the shales and a few fine calcarenites. Those in shales
may be underrepresented due to weathering by acidic surface
waters or because these more time rich deposits did not furnish
the conditions for preservation of whole fossils. Exuviae and
parts of the four most common trilobites Ceraurus, Flexicaly-
mene, Isotelus gigas, and Meadowtownella are abundant
throughout the layers.

The limestones of the quarricd interval, for the most part, are
lighdly burrowed but not bioturbated micrites. They display
sharp bases, with some evidence of scour, and some show thin
based layera of fine calcarenites that fine upwards into micrites.
The tops are irregular, burrowed, and may contain thin skeletal
hash beds. In addition to the burrowing within the micritic layers
there are occasional lingulid brachiopods in life position. The
limestones beds are separated by brownish—gray, calcareous
claystones (shales). The shales are rich in echinoderm debris,
trilobite exuvae, small brachiopods and other evidence of a nor-
mal marine hottom faana.

The trilobite-bearing layers are the result of rapidly deposited
limey muds. This sedimentologic evidence indicates that most
of the fine-grained carbonate layers of the Walcott-Rust Quarry
beds were derived from storm deposits from the north and west,
closely enough spaced, through months or years but not tens of
years, to prevent or inhibit bioturbation but allow normal benthic
fauna to inhabit the newly deposited substrate. Currents depos-
ited siliciclastic material from the east, resulting in a gradual
buildup of the shaly interlayers.

That most of the trilobites are found on the lower surfaces of
the varions layers is worth commenting upon, A collecting bias
is commonly introduced by the practice of examining bed sur-
faces but not careful, and labor intensive, breaking down of the
rock and looking for internal fossils. However, in this study this
effort was made and yet most of the trilobites were still found
to be on the basal surface, (Very small trilobites, however, are
difficolt to recognize in freshly fractured rock.) Benthic fauna
that are killed and buried by an event flow might be expected
to be at or near the base of the layer. Any significant transport
of the bottom fauna by the event sediments would have resulted
in trilobites mixed within the layer or within the lower part of
the event. High mortality within the event may be because of
the sediment itself, or changes in water temperature or geochem-
istry. Churning of the bottom sediments may have released hy-
drogen sulfide, resulting in rapid immobilization and death of
the benthic organisms (see Brett and Seilacher, 1991).

It has long been observed that most complete specimens are
found upside-down. At the same time there is little in the way
of actual statistics for most occurrences and these comments
must then be considered anecdotal, Walcott (1875¢) found over
95 percent of the Ceraurus on the lower surface of the
“Ceraurus layer” upside-down. Our data from over 800 speci-
mens put this figure at over 98 percent, Walcott also observed
that other trilobites on the lower surface of bedding planes, with
rare exception, were dorsal-surface-down. This is also our ob-
servation. One must then consider mechanisms which explain
these and the far more general observation of commonly in-
verted trilobites. There are at least four explanations for this
phenomenon. _

1) The trilobites normally swam upside-down and were
trapped while swimming up and away from the bottom trying
to escape the burial event [the conjecture that trilobites swam
upside-down was first made by Burmeister (1846). At the time
he was unaware that trilobites had appendages enabling walking

-on the bottom.]. This is a comfortable rationalization and may

be true for those trilobites that might well have been occasional
swimmniers. It is harder to envision large smooth carapaced tri-
lobites such as Isofelus using this mode of escape. However the




FiGuRe 7—I1, Neotype of Isotelus gigas, MCZ 100938, 52.2 mm long, X2, from inside layer 4. 2, Holotype of fsotelus walcorti, USNM 498807,
31.6 mm long, X2.5, from inside layer 4. 3, Partially exfoliated exoskeleton of an indeterminate asaphid meraspid, USNM 497034, 3.8 mm long,
X 16, the layer is unknown, 4, Partially exfoliated dorsal exoskeleton of Bumastoides holei, MCZ 101148, 37 mm long, X 1.9, the specimen has
been repaired on the lower lefl side of the cephaton, the lunettes arc clearly visible on the interior meld, the layer is unknown. 5, Holotype of
Bumastotdes porrectus, MCZ, 101147, 23.4 mm long, X3.2, the lunettes are scen ds faint depressions adaxial to the anterior visual surface, the
layer is unknown. 6, 7, Nanillaenus americanus, MCZ 112861; 6, the dorsal view of the exosksleton, 21 mm long, X2.5, the layer is unknowsn;
7, view of the anterior cephalon, X2.5. i
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extant Limulus swims upside down and it is not shaped for easy
swimming.

2) Trilobites that were killed and then lifted up into the water
column or into the event mud flow would, if allowed to settle
undisturbed, fall back to the bottom convex-surface-down or up-
side-down (Beecher, 1894), i.e., the “falling leaf effect,’”” This
mechanism requires that there be little in the way of disturbing
current during the fall back. In the presence of a current, one
nright expect trilobites on the bottom to be flipped to their more
stable orientation, convex surface up. Nonetheless, inverted
specimens, at least in layer 3, are apparently current-aligned. It
is not at all clear whether the type of currents involved in deep
marine burials, or the shape of trilobites with their ventral ap-
pendages, arc comparable to the more shallow wave induced
currents which result in the convex-up orientations of bivalve
shells.

3) Dead trilobites on an undisturbed surface might have gen-
erated decay gases within the body, if they were dorsal-surface-
up. As the gases escaped around one edge, bubbles of gases
escaping might then have flipped the trilobite over (Hicks in
Walcott, 1918). This might have happened in a completely un-
disturbed state. However, studies have shown that articulated
marine arthropods when left undisturbed disarticulate in days
{Allison, 1986). Given the inevitable presence of scavengets, it
is also highly unlikely that a whole articulated arthropod skel-
eton would survive the time necessary to be buried by gradually
accurnulating silt or carbonate mud.

4) Most trilobites enroll, and it is assumed this is a defense
or stress-related mechanism. Even among those trilobites that
were not strong enrollers most can bring the ventral surfaces of
their cephalon and pygidium together. It is a rare species that is
not sometimes found in an enrolled or partially enrolled position.
If a trilobite were killed while enrolled and then unrolled as the
muscles refax, it would most likely be on its back, upside-down
{Beecher, 1894),

Of these four potential mechanisms the only one which is very
unlikely is number 3. The attitude of swimming trilobites (1) is
unresolved and will probably remain that way. However, the
preferred alignment (Fig. 5) for the trilobites on the base also
suggests that in this case the Ceraurus were dead or disabled
and not enrolled when current aligned. Mechanisms 2 and 4 also
cover most of the cases where the species is unlikely to have
been a good swimmer or to have adopted swimming as an es-
cape mode or those cases where the environment suddenly. be-
came toxic. No single mechanism is likely to cover all the ar-
ticulated frilobites and in some cases two or more, or everi an-
other unanticipated mechanismn may occur. Much more
quantitative data on orientation combined with sedimentological
information is needed to resolve the issue.

The Ceraurus on the top of layer 3 represent a population of
larger-size frilobites than those on the base and they are also
mainly (60 percent) dorsal surface uppermost. It is possible that
these trilobites were not killed in the event forming the upper
bed of layer three but were buried by the siliciclastic event cov-
ering this upper surface.

Although Isotelus is commonly found enrolled in other local-
ities, none of the many small ones found both by Walcott and
us in layer 4 was so enrolled. Because their orientation is some-
what random and there is no evidence of them trying to escape
one might conclude they were killed during the event and trans-
ported some distance to their final burial. If they had enrolled
when they were first siressed and then killed, their muscles

would relax and they would open during the transport. If they -

were killed and buried rapidly in place, one would expect to find

some still enrolled, as has been observed in Isorefus in other7‘

event bed burials.
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Layer 8 demonstrates another obrution deposit with trilobites
caught up within a thick bed, At least two large ,enrolled Isotelus
were found, suggesting a rather rapid burial, The Ceraurus
found throughout the thickness of this layer also suggests some
were caught up and transported somewhat during the burial pro-
cess.

Preservation of trilobites appendages—Specimens of Cerau-
rus, Flexicalymene, and Meadowtownella all show soft tissue
and appendages preservation in the Ceraurus layer. Walcott sec-
tioned over 2,200 specimens and reported on his findings (Wal-
cott 1877a, 1881, 1918, 1921). Due to artifacts of the sectioning
process Walcott made some important errors in his reconstruc-
tions. Raymond (1920) re-evaluated Walcott’s sections and came
to different conclusions. Stgrmer (1939, 1951) serially sectioned
some Walcott specimens and constructed a model of some ap-
pendage structure of Cerqurus.

The appendages are uniquely preserved as sparry calcite in-
filings in the limestone matrix (Fig. 9.9-9.11), Exceptionally fine
detail of the appendages was preserved. These specimens differ
from those with the preserved appendages available from other
sites in that they have undergone very little compaction. The
forces involved in the deposition of these sediments may have
distorted the mobile appendages but they are in place and with-
out the flattening seen in many other deposits. Figures 9.9 and
9.11 show the setae of the exopods of Ceraurus and Flexicaly-
mene respectively. Figure 9,10 shows the endopod of Ceraurus
with spines extending ventrally from the basis (see Ramskéld
and Edgecombe, 1996, for the nomenclamre). The presence of
spines on the basis of some of these specimens has been dis-
counted as a preservational phenomenon by Stgrmer (1951, p.
131). However, more information is needed, particularly as to
the orientation of the ftrilobite, before this explanation can be
accepted.

This type of preservation is only apparent when a specimen
is sectioned and the cut surface is polished or a thin section
made. Also only those specimens which are partially enrolled
show a significant amount of this type of preservation. For these
reasons it is unlikely that this preservation would be apparent to
anyone collecting trilobites.

Microscopic examination of cross-sections reveals that the ter-
gites show an early formation of plaque-like linings along with
early calcite cement lining of the internal surfaces (Fig. 9.12).
Some of this early calcite was partially replaced by pyrite.

A sequence of events was necessary for this appendage pres-
ervation fo take place. The trilobites that show the best soft
tissue preservation were buried when partiaily enrolled inside
the layer. The burial was in lime sediment and that may have
buffered the microenvironment against any acidic products of
bacterial metabolism. The lime muds must have consolidated
and cemented very rapidly to support the three-dimensional
character of the preservation. A pelletal or flocculated sediment
might explain this, because the high porosity of such sediments
might facilitate cementation. The high concentration of organic
matter made the closed microenvironment anaerobic; decay pro-
ceeded by sulfate reducing bacteria. Waste products of anaerobic
sulfate reducing bacteria include bicarbonate and sulfide anions
(Allison, 1990). In a slightly alkaline environment, samrated
with carbonate, the bicarbonate build-ilp may have led to highly
localized calcium carbonate precipitation. Pyrite formation, more
common in such circumstances, may have been inhibited be-
cause of the small amount of iron in the carbonate sediment.

- Bven though this explanation rationalizes the observed phe-

_nomena, it does not explain why this type of preservation has

not been observed elsewhere. Tt is difficult to observe this type

‘of preservation unless one specifically looks for it, but Walcott

claims to have sectioned hundreds of trilobites from different
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layers and locatities and did not find any other cases of preser-
vation of appendages.

SYSTEMATIC PALEONTOLOGY

Repository.—lllustrated and referenced materials are housed
in the Museum of Comparative Zoology, Harvard (specimen
numbers prefixed MCZ), the New York State Museum (speci-
men numbers prefixed NYSM), the American Museum of Nat-
ural History (specimen numbers prefixed AMNH), the Geolog-
ical Survey of Canada, Ottawa (specimen numbers prefixed
GSC), and the National Museum of Natural History, Smithson-
ian {specimen numbers prefixed USNM),

Family ASAPHIDAE Burmeister, 1843
Subfamily ISOTELINAE Angelin, 1854 -
Genus 1soTELUS Dekay, 1824

Type species.—Isotelus gigas Dekay, 1824, from the Trenton
Limestone, Trenton Falls, New York.

IsoTELUS Gigas Dekay, 1824
Figure 7.1 .
Isotelus gigas DEKAY 1824, p. 176, pl. 12, figs. 1, 2, pl. 13, fig. 1;
DeMorr, 1987, p. 71, pl. 3, figs. 1-11; RUDKm AND TRIPP, 1989, p.
5-10, figs. 1.1-1.6, 2.1-2.3 (includes full synonymy).

Material—The holotype of this species is lost (Rudkin and
Tripp, 1989). The figured neotype (MCZ 100938, formerly MCZ
41) designated by DeMott (1987, p. 71) is from the Walcott-
Rust Quarry. The neotype is 52.2 mun long.

Occurrence.—lIsotelus gigas is a ubiguitous trilobite of the
Trenton Group of New York. It is also reported from the equiv-
alent rocks of Ontario, Canada (Ludvigsen, 1979a), the Ameri-
can mid-west (DeMott, 1987), and the Upper Ordovician rocks
of Ohio (Babcock, 1996).

Discussion—Many of the large articulated Isofelus gigas in
older collections are from Trenton Falls and are from the upper
Poland Member within the Trenton Gorge (Raymond, 1903).
The specimens from the Walcott-Rust Quarry are in two popu-
lations. Numerous small holaspids, including the neotype, are
from layer 4 and the larger specimens are from the overlying
rocks. Small I gigas, particularly those under 50 mm long, often
have genal spines but these are lost as the trilobite became larger.
The genal spines are narrow with a slight taper throughout their
length, Canadian members of this species, in Trenton age rocks,
retain their genal spines much later in their growth series.

IsotELUS waLcoTTI Ulrich in Walcott, 1918
. Figure 7.2 o
Isotelus iowensis OWEN, 1852; Ravymonn; 1914, pl. 3, figs. 1, 2; WiL-
soN, 1947, p. 24, pl. 3, fig. 4, pl. 4.
Isotelus walcotti ULRICH in WaLcOTT, 1918, p. 133, pl. 24, fig. 1;
Runxmv anD Tripp, 1989, p. 10, figs. 1.7-1.9. (includes full synon-
ymy}. '

Material —The holotype, USNM 498807, was first illustrated
by Walcott (1918) and is 31.6 mm long. Additional specimens
figured by Raymond (1914}, Wilson (1947, pl. 4) and Rudkin

and Tripp (1989) are in the collections of the Museum of Com-
parative Zoology and the New York State Museum. All are from
the Walcott-Rust Quarry. Wilson additionally mentioned and fig-
ured (pl. 3, fig. 4) a specimen from Canada.

Occurrence—This trilobite is unreported from other areas of
the Trenton or its eguivalents in New York. Wilson (1947) re-
ported asaphid tergites from the lower Trenton-upper Black Riv-
er that have characteristics diagnostic of I walcorti. DeMott
(1987) assigned some asaphid pygidia, with uncertainty, to this
species.

Discussion.—Small holaspids of this trilobite are found along
with the small holaspids of Isotelus gigas within layer 4 of the
Walcott-Rust Quarry. The two known, larger specimens are
probably from the overlying rocks. This species is uncomimon
in the quarry. Walcott reported one out of fifty, 2 percent, of the
small Isotelus found were I walcotti. The genal spines of I
walcotti are retained throughout life and are significantly wider
at the base than those of I gigas. In small specimens (USNM
498807 and 61261, 31 and 65 mm long) the genal spines reach
to the 7th thoracic segment while in a large specimen (MCZ
430, 127 mm long) the genal spines reach the 4th thoracic seg-
ment.

Indeterminate asaphid
Figure 7.3

Material —The figured specimen, labeled as Gerasaphes ul-
richana Clarke, 1894, is USNM 497034 from the Walcoti-Rust
Quarry.

Discussion.—Moore (1959, p. 0355) considers Gerasaphes
as an unrecognizable genus erected on small immature speci-
mens. The illustrated specimen is an asaphid meraspid and be-
cause two different species of Isotelus are present in the quarry
no definite assignment can be made.

Family ILLAENIDAE Hawle and Corda, 1847
Genus BumasTtomes Whittington, 1954

Type species—Illaenus milleri Billings, 1859, from Leray-
Rockland Beds, near £ Original, Ontario, Canada.

BumasTOmES HOLEI (Foerste, 1920)
Figure 7.4

Bumastus holei FOERSTE, 1920, p. 214, pl. 21, fig. 15a, 15b, pi. 22, figs.
15a, 15b; RaymMonD, 1925, p. 116, pl 8, figs. 5, 6.

Material—The location of the type specimens is unknown.
They are internal casts of a cranidium and an associated pygid-
fum, They are from the Trenton age Kimmswick Limestone of
Missouri. Specimens from the Walcott collection at the Museum
of Comparative Zoology were identified as this species by Ray-
mond (1925). The figured specimen is MCZ 101148 and is 37.0
mm long, the cephalon is 24.6 mm wide and the pygidium is
20.6 mm wide. ‘

Discussion—The original designation was on a cephalon and
pygidivm in close proximity and even then Foerste was not cer-
tain whether this was a new species or one already known.
Foerste noted that the luneites were relatively far apart and close

—

Ficure 8—I, Lectotype of Hypodicranotus striatulns, MCZ 100986, 28 mm long, X2.8, the layer is unknown. 2, Sphaerocoryphe robusta, MCZ
110893, 13 mm. long (sag.), X4.5, from the base of layer 4. 3, 5, 7, Ceraurus plewrexanthemus; 3, MCZ 111708, 38 mm leng {sag.), X 1.5, from
the upper surface of layer 3; 5, MCZ 111716, ventral view of the posterior exoskeleton showing a ferriginous trace of the gut (arrow), the length
of the stain is 6.3 mm, X3.8, the antcrior exoskeleton is still buried in the matrix, the specimen is one of a cluster of at least six Cergurus, from
the interior of layer 8; 7, MCZ 111715, ventral view of the exoskeleton, 33 mm long (sag), X1.5, from the base of layer 3. 4, Achatella achates,
MCZ 111713, length 22 mm, from the base of layer 3, ventfal surface uppermost. 6, Gabriceraurus cf. dentarus, MCZ 111711, width across the

genal spines 33 mm, X1.5, the specimen is from layer 21. 8, +Calyptaulax callicephalus, MCZ 111712, 28 mm long, X2.6, the layer is unknown.
9, Unidentified proetid, MCZ 111714, 11.1 mm long, X6, from the base of layer 3. -
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to the posterior margin. The lunettes on the illustrations of
Foerste are more posterior than those on the B, holei from the
quarry. On thie B. holei from the quarry a line between the an-
terior edges of the visual surfaces passes through or slightly
behind the posterior edge of the lunettes. There are ten thoracic
segments,

BumasTOIDES PORRECTUS (Raymond, 1925)
Figure 7.5
Bumastus porrectus RAYMOND, 1925, p. 114, pl. 8, figs. 7. 8; WILSON,
1947, p. 35, pL. 7, figs. 7-9.
Bumastoides porrectus (Raymond), DEMortt, 1987, p. 75, pl. 6, figs.
24-31 {contains full synonymy).

Material.~-The ilustrated holotype is MCZ 101147 from the
Walcott-Rust Quarry. The holotype is 23.4 mm long, the ceph-
alon is 13.4 mm wide and the pygidium is 10.9 mm wide.

Occurrence.—B. porrectus is a very rare trilobite in New
York. DeMott (1987} also listed it from southwestern Wisconsin
and northwestern Hlinois. Wilson (1947) listed the trilobite from
eastern Ontario and western Quebec.

Discussion.—There are 10 thoracic segments similar to B.
holei. These two bumastoids are very similar and although Ray-
mond noted that there is a greater disparity between the size of
the cephalon and pygidium with the B. holei vs. B. porrectus,
measurements on the specimens in the Museam of Comparative
Zoology do not bear this out. A line between the anterior edges
of the visual surfaces passes through the center of the hmettes
which places the lunettes more posterior than those of B. holei.
Bumastoides milleri (Billings, 1859) also occurs in the Middle
Ordovician rocks of Ontario and the mid-west (DeMott, 1987).
This species is reported to have 810 thoracic segments although
most authors find 9 on specimens. There is a need for a system-
atic revision of this group.

Subfamily ILLaENINAE Hawle and Corda, 1847
Genus NANILLAENUS Jaanussen, 1954

Type species.—Illaenus conradi Billings, 1859, from the Mid-
dle Ordovician of Quebec.

NaniLLAENUS AMERICANUS (Billings, 1859)
Figure 7.6, 7.7
Hlaenus americanus BILLINGS, 1859, p. 371; BiLLINGs, 1865, p. 329,
figs. 316a—d, 318; Raymond and Narraway, 1908, pl. 60, figs. 1-3;
WiLson, 1947, p. 31, pl. 7, figs. 3, 4.
Nanillaenus americanus (Billings)., LupviGsen, 1979a, p. 37,

Material —The type for this species is lost (Wilson, 1947, p..

31). Hlustrated is MCZ, 112861, ‘

Occurrence—Nanillaenus americanus 18 uncommon in the
Trenton rocks of New York although more commonly reported
in Ontario (Ladvigsen, 1979a). '

TaBLE [.—Whole trilobites on or in the layers of the quarry, Cp, Ceraurus
pleurexanthemus; Fe, Flexicalymene cf, F. senaria; 1g, Isofelus gigas; Iw,
Isotelus walcotit; Pt, Primaspis cf. P. trentonensis; Dp, Diacanthaspis par-
vula; Sy, Sphaerocoryphe robusta; Ac, Amphilicas cornutus, Bsp, Bumas-
toides sp.; Na, Namillaenus americanus; Hp, Hypodicranofuy striatulus; Aa,
Achatella achates; Ce, Calyptaulax callicephalus.

Lay Trilobite

ec Cp Fs Ig Iw Pt Dp S Ac Bsp Na Hs Aa Cc
24 x

23

22 x

21 x

20 x

19 x X

18 x X

17 x

16

15

14 x X X X X X

13 x X

12

1t

10 x X x X
9 x

8 ¢ X X¥ — — — — — — % X X X
7

6

5 X

4 x x ¢ c - — X — — — —
3 a c X — ¢ X - — — — — % X
a = abundani; ¢ = common; x = found; — = not found after thorough
search,

Discussion.—Moderate numbers of whole specimens have
been taken from the Walcott-Rust Quarry and are found in the
National Museum of Natural History, the Musenm of Compar-
ative Zoology and the New York State Museum. Nanillaenus
americanus is distinguished from the other illaenids present be-
cause it has significantly deeper axial furrows on both the ceph-
alon and the pygidium. The lunettes are at the anterior end of
the cephalic axial furrows. The layers where the specimens were
found are unknown. Large cephala are found in layer 4.

Family REMOPLEURIDIDAE Hawle and Corda, 1847
Subfamily REMOPLEURIDINAE Hawle and Corda, 1847
Genus HyroDICRANGTUS Whittington, 1952
Type species—Remopleurides striatulus Walcott, 1875 from

the lower third of the Rust Formation, Walcott-Rust Quarry, near
Trenton Falls, N. Y.

HYPODICRANOTUS STRIATULUS {Walcott, 1873)
Figure 8.1

Remoplewrides striatulus WALCOTT, 1875b, p. 347, fig. 27A, a, b; Ray-
MOND, 1925, p. 57, pl. 3, figs. 4, 5.

—

|

FIGURE 9—1, 2, Flexicalymene senaria; 1, MCZ 111710, 28 thm long, X2.7, from the base of layer 3; 2, the neotype from the lower Trenton

limestones near Middleville, New York, AMNH 29474, the cephalos is 17 mm wide, X2.8, the trilobite is partially enrolled and photographed
such that the cephalon has the same orientation as Figure 9.1. 3, 5, Amphilichas cornutus; 3, holotype, NYSM 4533, 46 mm long, X 1.5, the layer
is unknows; 5, the anterior view of the cephalon of an articulated specimen, MCZ 112863, the anterior-most glabella is 11.5 mm wide, 23X, from
layer 13. 4, Meadowtownella trentonensis, MCZ 111709, 10,6 mm long (sag.), X4.5, the layer is anknows. 6, 7, Amphilichas conifrons; 6, NYSM
9607, glabella, the holotype, the anterior glabella is 28.7 mm wide, X 1.3, the Tayer is unknown; 7, MCZ 112864, cephalon and eight thoracic
segments, the cephalen is 23 mm long, X1.3, the layer is unknows. 8, Paratype of Diacanthaspis parvule, MCZ 112862, the specimen is 8 mm
long, X5.6, the layer is unknown. 9, 10, Thin sections of !Ceraurus pleurexanthemus; 9, MCZ 104973, x3.7, section through the cephalic area
showing calcite replacement of the exopods inciuding the comblike setac or brachial processes, from- inside layer 3; 10, MCZ 110933, X6.6,
transverse section through the thorax showing the endopod with the basis (arrow) with spines, from inside layer 3. 11, Thin section of Flexicalymene
senarig, MCZ 104959, X6, transverse section through a tightly coiled specimen showing the clublike ends of two exopods with their setae or
brachial structures, from inside layer 3. /2, Cross-section of tergite of Ceraurus pleurexanthemus, two forms of calcite deposition, isopachous tim
of early (bacterially produced) ining of the tergite {a), and sparry fill of later diagenstic calcite (b}, also dark pyrite overgrowth of the isopachous
calcite lining (p), from inside layer 3. ‘ : : :
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Hypodicranotus striatulus (Walcott). WHITTINGTON, 1952; LUDVIGSEN,
1979, p. 30, fig. 31A, 31B; LUDVIGSEN AND CHATTERTON, 1991, p.
620, pl. 1, figs, 1-28, text. figs. 1A, 2 (with complete synonymy);
LESPERANCE AND DESpiBNs, 1995, p. 7, figs. 3.1-3.5.

Material.—The lectotype, selected by Raymond (1925, pl. 3,
fig. 4), is MCZ 100986. Hypostomes are found in fossil hashes
and are not uncommon.

Occurrence,—Although only two complete dorsal exoskele-
tons of H. striatulus are described, the trilobite is widely dis-
tributed in the Trenton age rocks of New York, Ontario, Quebec,
the American mid-west, and the Upper Ordovician of northwest
Canada.

Discussion.—The lectotype specimen is damaged on the pos-
terior third, and was figured incorrectly by both Walcott (1875b)
and Raymend (1925). A short spine is present on the 8th tho-
racic segment and the pygidium is small and subrectangular (see
Ludvigsen and Chatterton, 1991). Remopleurids are considered
to be possible pelagic trilobites (Bergstr6m, 1983, Fortey, 1985)
which might explain the wide distribution of H. striatulus. The
iarge, distinctive tuning fork-shaped hypostome is readily visible
in fossil hash.

Family CHEIRURIDAE Salter, 1864
Subfamily CHEIRURINAE Salter, 1864
Genus CERAURUS Green 1832

Type species.—Ceraurus plenrexanthemus Green, 1832, from
the lower Trenton Limestones near Newport, New York, TUSA.

CERAURUS PLEUREXANTHEMUS Green, 1832
Figure 8.3, 8.5, 8.7
Ceraurus pleurexanthemus GREEN, 1832, p. 84,5, fig. 10; Raymonm

AND BARTON, 1913, p. 528, pL. 1, fig. 1, pl. 2, figs,, 1, 2, 7; Bvrr,

1933, p. 33, pl. 7, figs. 1, 2, pl. B, figs. 5-7.
non Ceraurus pleurexanthemus Green. WHITTINGTON, 1941, p. 498, pl.

73, figs. 140,

Material—The holotype is NYSM 4203. The holotype is
from near Newport, New York. Rocks exposed near Newport
are the upper Black River and lower Trenton Groups. The illus-
trated specimen, figure 8.3, MCZ 111708, is from the upper
surface of layer 3.

Occurrence.—This trilobite is also reported from the Black
River Group and from the Trenton equivalent rocks of Ontario
and Quebec, Canada.

Discussion.—The specimens used by Raymond and Barton,
{1913) and by Evitt (1953) for their descriptions are from the
Walcott collection at the Museum of Comparative Zoology and
are all from the Walcott-Rust Quarry. Ceraurus pleurexanthemus
is a common frifobite throughout the Trenton Group of New
York but is rarely found articulated, or in good condition due to
the weathering on exposed surfaces. It is most common in the
deep shelf facies (Titus, 1986). In the quarry C. pleurexanthemus
is found on many bedding planes in small numbers but it is
abundant on the lower surface of layer 3 and to a lesser extent
within, and on the upper surface, of the same layer. It is also
commonly found within layer 8 and sometimes in groups of
individuals. The specimens with appendages all occur internally
in layer 3.

Genus GABRICERAURUS Pribyl and Vangk in Pribyl et al., 1985

Type species.—Ceraurus gabrielsi Ludvigsen, 1979, froin the
Esbataottine Formation, District of Mackenzie, Northwest Ter-
ritories.

(GABRICERAURUS cf. DENTATUS (Raymond and Barton, 1913)
Figure 8.6 i

Ceraurus pleurexanthemus Green. HALL, 1847, pl. 65, figs. ld 1h, 11,

1m, pl. 66, fig. 1a-1g.
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Ceraurus dentatus RAYMOND AND BARTON, 1913, p. 534, pl. 1, fip. 2,
pl. 2, figs. 4, 5.

Gabriceraurus dentatus (Raymond and Barton). DEMoTT, 1987, p. 78,
pl. 9, figs. 1-7, pl. 10, figs. 1-3; LESPERANCE AND DESBIENS, 1995,
p. 15, fig. 5.1-5.3 (synonymy).

Gabriceraurus hirsuitus Ludvigsen, 1979. Hessin, 1989, p. 1204, pl. 1,
figs. 1-7, Text figs. 2, 3a.

Material —The holotype for this species at the Canadian Geo-
logical Survey is lost (see Hessin, 1989, p. 1207). The illustrated
specimen is MCZ 111711.

Occurrence.—Guabriceraurus dentatus is reported from New
York, Ontario, and the American mid-west, In New York it is
most common in the lower Trenton Group but sparsely present
throughout.

Disenssion.—Because of the loss of the holotype and the lack
of a good historical paratype Hessin (1989) renamed the species
Gabriceraurus hirsuitus. The International Committee on Zoo-
Jogical Nomenclature does not, however, accommodate changes
in names when a properly illustrated and published description
exists, Gabriceraurus dentatus is a widely known trilobite and
a good photograph of the holotype exists (Raymond and Barton,
1913, pl. 2, fig. 5; see also Lespérance and Desbiens, 1995),
Gabriceraurus dentatus differs from the more common C. pleu-
rexanthemus in that in . dentatus the eyes are opposite 1.2
while in C. pleurexanthermus they are opposite the anterior edge
of 1.3. The specimen from the quarry differs from the more
common lower Trenton specimens in that the eye is opposite the
anterior margin of 1.2, further forward, and there are indications
on nodes on the posterior cephalic border which are not seen on
previously illustrated specimens (Hessin, 1989, pl. 1, figs. 1-7).

Subfamily DEIPHONINAE Raymond 1913
Genus SPHAEROCORYPHE Angelin, 1854

Type species.—Sphaerocoryphe punctata Angelin, 1854, from
the Upper Ordovician of Sweden.

SPHAEROCORYPHE ROBUSTA Walcott, 1875
Figure 8.2

Sphaerocaryphe robusta WaLCOTT, 1875a, p. 274, fig. 18a, 18b; WIL-
son, 1947, pl. 10, figs. 1, 2a, 2b.

Material —The holotype is MCZ 110893, INustrated is MCZ
110901, Articulated specimens are in the Museum of Compar-
ative Zoology and the New York State Museum.

Occurrence.—The only other report of the species was by
Wilson (1947) from the Sherman Fall beds at Hull, Quebec and
was based on a glabella in a private collection.

Discussion.—This small cheirurid is found on one bedding
surface, the base of layer 4, in the Walcott-Rust Quarry. Al-
though small, the highly inflated, nearly spherical glabella makes
this trilobite unmistakable. All the known specimens from the
qoarry are articulated and preserved with the ventral surface up.

Family PrEYGOMETOPIDAE Reed, 1905
Subfamily PTERYGOMETOPINAE Reed, 1905
Genus ACHATELLA Delo, 1935

Type species.—Dalmanites achates Billings, 1860, from Ot-
tawa, Ontario, Canada.

ACHATELLA ACHATES (Billings, 1860)
Figure 8.4

Dalmanites achates BILLINGS, 1860, p. 63, fig. 9; CLARKE, 1894, p.
726, fig. 44; FoersTe, 1919, p. 397, figs. 8, 18a.

* Prerygomeropus achates (Billings). RayMonp, 1921, p. 38, pl. 11, fig. 3.

Achatella achates (Billings). DELO, 1940, p. 110, pl. 13, figs. 19-21;
- Wuson, 1947, p. 60, pl. 10, fig. 16; LubpviGsen, 1970a, p 46, fig.
" 28A-B; LupviGseN AND CHATTERTON, 1982, p. 2183, pl. 1
- 7 (ineludes Mll synonymy).

, figs. 1— T
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Material—The holotype is GSC 1784. Specimens are found
on the base of layer 3 within the quarry and in fossil hashes.
IHustrated is MCZ 111713.

QOccurrence.— Irenton age rocks of Ontario, Quebec, Iilinois,
Missouri, and New York (Ludvigsen and Chatterton, 1982),

Discussion.—Believing the holotype to be lost, Delo (1935)
defined the genus from the specimen figured by Clarke (1894),
NYSM 13360. The holotype is described and figured by Wilson
(1947). Acharella achates is very distinctive as it has a poste-
riorly tapering body, long genal spines, tall, schizochroal eyes,
and a friangular pygidium with an axial spine. Achateilla achates
is not a common trilobite in the Trenton Group; most specimens
in New York have been found in the Rust Formation.

Genus CALYPTAULAX Cooper in Cooper and Schuchert, 1930

Type species—Calyptaulax glabella Cooper, 1930 from the
Whitehead Formation, Gaspé, Quebec,

CALYPTAULAX CALLICEPHALUS (Hall, 1847)
Figure 8.8
Phacops callicephalus HALL, 1847, 1. 247, pl. 65, ﬁg:, 33—1
Dalmania callicephala (Havrs, 1859), p. 73. -~

non Pterygometopm callicephalus (Hall). CLaARKE, 1894, p. 731, figs.
51, 52.

Calliops calltcephalus (Hall). DELo, 194(] p 94, pl. 11, figs, 1-4; WiL~
SoN, 1947, p. 56, pl. 10, figs. 5, 6.

Calyptaulax callicephalus (Hall). SHAW, 1968, p. 86, pl. 12, fig. 2;
LupvIGSEN, 1979a, p. 40, fig. 24A.

Material~—The specimens figuired by Hall {1847) are consid-
ered to be lost (Delo, 1940, p. 95). Delo used specimens from
the Walcott-Rust Quarry in the Museum of Comparative Zool-
ogy from the Walcott collection, to define his genus Calliops
and to describe Calliops callicephalus. Hlustrated is MCZ
111712

Occurrence.—Calyptaulax callicephatus is found throughout
the Trenton in New York and has been reported in the upper
Black River Group and Trenton equivalent rocks in Ontario. In
New York it is most commen in shallow shelf facies (Titus,
1986).

Discussion—The cephalon of Calyptaulax is semicircular in
outline and has a rounded genal angle. The eyes are schizo-
chroal. The pygidinm is subtriangular in cutline with no axial
spine. The pygidium differs from that of Flexicalymene senaria
in that the axis of C. callicephalus is tapered for the anterior
half and then parallel sided with nine or 10 axial rings. The

pygidium in F. senaria tapers uniformly with six to eight axial.

rings. Because of the lack of the original type specimens and
the small differences between Calliops and Calypfaulax Shaw
(1968) considered Calliops to be a junior synonym of Calyptair-
lax. The various reported species of Calypraulax (and Calliops)
are very similar and the genus needs further study to differen-
tiate the various species and morphotypes (Shaw, 1968).

Family CALYMENIDAE Burmeister, 1843
Subfamily CaryMENINAE Burmeister, 1843
Genus FLEXICALYMENE Shirley, 1936

Type species.—Calymene caractaci Salter, 1865, from rocks
of the Caradoc Series, Acton Scott Lodge, Shropshire, England.

FLEXICALYMENE SENARIA (Conrad, 1841) |
Figure 9.1, 9.2 !
Calymene senaria CONRAD, 1841, pp. 38, 49; EMMONS, 1842 p. 390,
fig. 2; HaLL, 1847, p, 238, pl 64 figs. 3a-n.
Flexzcalymene senaric (Conrad). WHITTINGTON, 1941, pi 493, pl. 72,
figs. 127, 31-34, 38-40, 42-47, text. fig. 1; WiLsoN, 1947, p. 48,
pt. 10, figs. 11a, 11b, £2; EvITT AND WHITTINGTON, 1953, p. 49, pL

9, figs. 1-16, pl. 10, fig. 1; STUMM AND KaurMmany, 1958, p. 949,

pl- 123, figs. 1-11; Ross, 1867, p. B14, pl. 4, figs. 1-6; LUDVIGSEN,
19794, p. 46, fig. 29,

Maerial, —No type specimen was illustrated or designated by
Conrad. Ross (1967) selected a specimen illustrated by Hall
(1847, pl. 64, fig. 3a-c) as the neotype, AMNH 29474 (Fig. 9.2).
The old museum label gives the location as Middieville, New
York which would place it from the lower Trenton. Stumm and
Kaufmann (19358) illustrate the same specimen and list its lo-
cation as ‘“‘near Watertown, New York.” Figure 9.1, MCZ
111710, is from the base of layer 3 in the quarry.

Occurrence.—Flexicalymene senaria is perhaps the most
cormumnon trifobite from the Trenton of New York not only be-
cause it is distributed throughout but also because the robust
exoskeleton is readily preserved, Tt is also reported from Mich-
igan (Stumm and Kaufmann, 1958), Virginia (Evitt and Whit-
tington, 1953), Ontario and Quebec (Ludvigsen, 1979a).

Discussion.—The neotype is a small holaspid approximately
35 mm. long. Tt does not show the very pustulose character to
the exoskeleton that characterize specimens illustrated by Evitt
and Whittington (1953) and Ross (1967, pl. 4, figs. 11-13). Ross
contends that the figured specimen, from the Walcott-Rust Quar-
1y, is clearly a different species than the neotype. The F. senaria
from the quarry are very pustulose and all have short genal
spines. This issue needs to be clarified.

Family OpONTOPLEURIDAE Burmeister, 1843
Subfamily ACIDASPINAE Salter, 1864
Genus MEADOWTOWNELLA Pribyl and Vangk, 1965

Type species.—Primaspis whitei Whittard, 1961, from the
Shelve Inlier (Llandeilo) in Shropshire, England.

MEADOWTOWNELLA TRENTONENSIS (Hall, 1847)
_ Figure 9.4
Acidaspis trentonensis HALL, 1847, p. 240, pl. 64, fig. 4a—f.
Leonaspis? trentonensis (Hall), WaiTTINGTON, 1941, p. 502, pl. 74, figs.
31-37.
Primaspis trentonensis (Hall). PRANTL AND PRIBYL, 1949, p. 149; Ross,
1979, p. DS, pl. 4, figs. 8-14.

Material —The holotype, AMNH 853/2, is from the Bay of
Quinte near Belleville, Ontario. Numerous specimens are avail-
able from the quarry. Nustrated is MCZ 111709,

Discussion—The genus Meadowtownella was erected by Pri-
byl and Vanek in 1965. Since then most of the former Primaspis
have been assigned to this genus (Ramskold, 1984, p. 241; Ram-
skold and Chatterton, 1991, p. 342). Meadowtownella was also
assigned to the subfamily Acidaspinae (Ramskéld and Chatter-
ton, 1991). The holotype of Meadowtownella trentonensis is
somewhat damaged and Ross (1979) feels there are significant
differences between it and other, much better preserved Mea-
dowtownellg from the guarcy. On the glabella 1.1 is significantly
larger than L2. On the thorax there is a distinct row of 4 or §
pustules in the interpleural furrow. Meadowtownella trentonen-
sis is one of the most common trilobites from the quarry where
it is very often found associated with both fenestrate bryozoans
and Prasopora.

Subfamlly ODONTOPLEURINAE Burmeister, 1843
Genus DiacanTHASPIS Whittington, 1941
Type species.—Diacanthaspis cooperi Whittington, 1941,
from the lower Martinsburg Formation of Virginia.

- DIACANTHASPIS PARVULA {Walcott, 1877)
Figure 9.8

H

‘Acta‘aspas parvula WaLcort, 1877, p. 16; Warcorr, 1879, p. 69.
.- Odontopleura parvula (Walcott). CLARKE, 1892, p. 69; CLARKR, 1894,

e 744, fig. 61; WiLson, 1947, p. 43, pl. 10, fig. 8.
Diacanthaspis? parvila (Walcott). WHTTINGTON, 1941, p. 502,
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Material—The holotype is MCZ 110952, the illustrated spec-
imen is the paratype MCZ 112862,

Occurrence.—Diacanthaspis parvula has not been reported
anywhere else in New York. It is reported from Quebec (Wilson,
1947).

Discussion.—Diacanthaspis parvula is much less common
than Meadowtownella trentonensis. On the glabella 1.1 and 1.2
are about the same size. They are proportionally smaller than
the L1 on M. trentonensis. The thoracic pleural spines of D.
parvula are proportionally longer and less curved than those on
M. trentonensis. Pustules in the interpleural furrows are much
reduced or absent on I parvula and the axial and pleural nodes
are strongly pustulose. The species has not been properly de-
scribed.

Family LicHDAE Hawle and Corda, 1847
Subfamily TETRALICHINAE Phleger, 1936
Genus Ampauicias Raymond, 1905

Type species~—Platymetopus lineatus Angelin, 1854, from the
- Upper Ordovician Boda Limestone of Sweden.

AMPHILICHAS CORNUTUS (Clarke, 1894)
Figure 9.3, 9.5

Conolichas cornutus CLARKE, 1894, p. 749, figs. 72, 73.

Material—The holotype, figure 6.3, of Amphilichas cornutus
is NYSM 4533. Tt is an articulated specimen from the quarry.
Figure 6.5, is an articulated specimen, MCZ 112863. Both spec-
imens are from the quarry.

Discussion.—When Hall (1847, p. 235) first published on the
Middie Ordovician Amphilichas, as Platynotus trentonensis, he
figured specimens from three Iocations. Carlisle, Pennsylvania,
Middleville, New York and Cincinnati, Ohio. The specimen
from Chio is from the Upper Ordovician and is clearly not the
same species as the original specimens of Conrad (1842) from
Pennsylvania. The holotype of A. cornutus is a complete spec-
imen from the Walcott-Rust quarry which is, unfortunately, dam-
aged due to poor preparation. Except for its high, conical shape

the cephalon has few diagnostic characteristics due to the dam- .

age. The pygidium is not damaged. In Clarke’s original figure
{p. 749, fig. 73} he shows a spine on the conical shaped glabella.
No such spine exists. He also shows that the glabella widens out
at the posterior margin. The glabella narrows at the composite
lateral lobe and has a uniform width in the latter third cf 1ts
length,

AMPHILICHAS CONIFRONS Ruedemann, 1916
Figure 9.6, 9.7

Platynotus trentonensis, HALL, 1847, p. 235, pl. 64, fig. lc.
Amphilichas conifrons RUDEMANN, 1916, p. 90, pl. 30, figs. 5-8.

Material —The illustrated holotype, NYSM 9607 and para-
type, NYSM 9608, of Amphilichas conifrons are from the Wal-
coti-Rust Quarry. Another illustrated specimen, MCZ 112864,
is incomplete with a cephalon and eight thoracic segments.

Discussion.—Ruedemann chose to comparte his species with
A, trentonensis which, because of the poor definition of A. tren-
fonensis, leaves doubt as to exactly which specimens he was
using. On A. cowifrons the glabella is smoothly arched from
anterior to posterior and has no conical character. The, cramdla
are clearly different. The paratype pygn:hum is not chagnosm:
No articulated specimen of A. conifrons is known and [thete is
no way of differentiating the pygidia of the iwo hchlds_
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Family PROETIDAE Salter, 1864
Indeterminate proetid
Figure 8.9

Material—The illustrated specimen, MCZ 111714, is from
the base of layer 3. The exoskeleton is slightly corroded by
ground water. Additional, unprepared, specimens are in the col-
lections of the Museum of Comparative Zoology and the Na-
tional Museum of Natural History. All from the Walcott-Rust
Quarry.

Discussion.—Proetids are rare in the Ordovician rocks of New
York. Proetus {Proetus} clelandi Raymond (1905b) repotted as
possibly from the Chazy Limestone (see Shaw, 1968) is Middle
Ordovician but the figured, and only, specimen is not of suffi-
cient quality for an assignment. Raymend (1905b) reporis a
small axial node on the occipital lobe of P. clelandi which is
missing on the quarry specimen. Proetus undulostriatulus (Hall,
1847, AMNH 30101) is from the Middle Ordovician Snake Hill
Shales. Specimens have also been assigned to Cyphaspis. Spec-
imens from the Upper Ordovician of New York in the Peabody
Museum at Yale University, American Museum of Natural His-
tory and the National Museurn of Natural History have the
names Cornuproetus beecheri {(Ruedemann, 1926), from Bee-
cher’s Trilobite Bed, and Proetidella parviusculis Hall (1860)
{see Babcock, 1996, p. 96), a proetid from Ohio.

CONCLUSIONS

1) The fossiliferous beds of the Middle Ordovician, Rust
Limestone (Trenton Group) Walcott-Rust Quarry represent a se-
ries of storm deposits, including obrution events. Many of the
layers display a complex history as revealed by the taphonomy
of the fossils.

2) Some of the layers yield an unvsually rich trilobite assem-
blage from both a quantitative and a qualitative perspective. At
least 17 trilobite species are represented by well-preserved,
whole specimens. Most of the fossils come from four layers
although infrequent material is found throughout the rest of the
35 layers examined.

3) The guarried interval also contains trilobites that are rare
or absent in the Trenton Group elsewhere in New York. These
uncommon trilobites apparently are absent in beds below and
above those quarried which suggests they were short term im-
migrants into the area, probably from the north and west.

4) The trilobites on bedding planes are predominately ventral
surface uppermost (upside down). In the case of Ceraurus great-
er than 98 percent on the base of layer 3 were inverted. This
generality is true of al! the trilobites found on the base of layers.
Where Ceraurus was found in significant numbers on the top of
layer 3 most were found dorsal surface uppermost. Tt is sug-
gested they were escaping from the burial event and subsequent-
ly killed. On the base of layer 3 an alignment of Ceraurus exo-
skeletons to the east-northeast/west-southwest was observed.

5) Unique preservation of appendages in some trilobite spec-
imens was the result of early cementation from organically de-
tived carbonate, followed by spar filling of the interior cavity
within the appendages. The lack of significant amounts of early
pyrite replacement is probably due to the low iron content of
the sediment. .
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