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Introduction

As impressive as the Grand Canyon is to any observer from the rim, the river, or even from space,
these cliffs and slopes are much more than an array of colors above the serpentine majesty of the
Colorado River. The erosive forces of the Colorado River and feeder streams took millions of years
to carve more than 290 million years of Paleozoic Era rocks. These exposures of Paleozoic Era
sediments constitute 85% of the almost 5,000 km? (1,903 mi?) of the Grand Canyon National Park
(GRCA) and reveal important chronologic information on marine paleoecologies of the past. This
expanse of both spatial and temporal coverage is unrivaled anywhere else on our planet. While many
visitors stand on the rim and peer down into the abyss of the carved canyon depths, few realize that
they are also staring at the history of life from almost 520 million years ago (Ma) where the
Paleozoic rocks cover the great unconformity (Karlstrom et al. 2018) to 270 Ma at the top (Sorauf
and Billingsley 1991). The Paleozoic rocks visible from the South Rim Visitors Center, are mostly
from marine and some fluvial sediment deposits (Figure 5-1).

This report covers the most abundant group of fossils in GRCA, the skeletal remains of invertebrates,
of which more than 99% are marine organisms. Invertebrate fossils include well-known groups such
as arthropod trilobites, two-valved brachiopods and mollusk bivalves, corals, echinoderms, mollusk
gastropods and cephalopods, sponges, microfossil foraminifera, and other taxonomic groups
preserved because of their biomineralized tissues in calcitic, chitinophosphatic, silicic, and other
durable body parts. There are more than 80 fossil invertebrate species named from GRCA.
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The Paleozoic history of invertebrate life ranges from the Cambrian Period (541 Ma) and ends in the
Permian Period (252 Ma), but the GRCA geologic strata cover approximately 520-270 My. The
GRCA invertebrate fossil record starts in the Cambrian Tonto Group, then is interrupted for 70 My
during the Ordovician, Silurian, and Early Devonian periods. This is a significant unconformity and
gap in the Paleozoic fossil record at GRCA but should not be confused with the “Great
Unconformity” (Elston et al. 1989). The record resumes in the Mississippian and continues with
minor pauses into the middle Permian.

Figure 5-1. Grand Canyon view from South Rim Visitors Center with Paleozoic stratigraphic units marked
within blue and orange bands. Blue bands delimit mostly marine and fluvial deposits that contain
invertebrate body fossils; orange, terrestrial deposits with no invertebrate body fossils (LINDA S.
LASSITER).

The Paleozoic faunal record of GRCA invertebrates offers glimpses of fossil communities important
to the identification of fossil assemblages before and after major global extinction events. GRCA
Cambrian fossils document assemblages after the late Cambrian (Stage 4) Sinsk Event of about 513
Ma (Zhuravlev and Wood 2018) in the Tonto Group. Other GRCA assemblages predate (Late
Devonian Temple Butte Formation) and postdate (Early Mississippian Redwall Limestone) the
Devonian Frasnian—Famennian global extinction event (Raup and Sepkoski 1982; Bond and Wignall
2005). Significant fossil assemblages are also recorded at GRCA before the Permian—Triassic mass
extinction event (Kaibab Formation).

Even though the significance of the Paleozoic fossil record at GRCA is potentially as vast as the
thousands of square kilometers within the park boundaries, a mere fraction of the park has been
surveyed for invertebrate body fossils. Due to the rugged terrain of GRCA, most Paleozoic
specimens inventoried are reported from near maintained trails, in the most-traveled inner corridor
areas, and along the 277 river miles of the Colorado River. There is therefore an enormous untapped
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reservoir of information at GRCA, especially pertaining to invertebrate body fossils of the Paleozoic
Era.

Methods

More than 7,000 specimens (Appendix 5-A) and almost 270 species (Appendix 5-B) have been
identified from the literature and museum records of the Grand Canyon National Park Museum
(GRCA), Museum of Northern Arizona (MNA), and National Museum of Natural History (USNM).
The GRCA museum has more than 5,800 fossil specimens interpreted as Paleozoic invertebrate body
fossils, more than 4,600 of which were accessioned before 1980. The MNA has 214 invertebrate
specimens known to be from GRCA localities. USNM online listings include more than 500 GRCA
invertebrate body fossil specimens, with 42 specimens noted as holotypes. 80 species of Paleozoic
invertebrates have been named from fossils found within GRCA (Appendix 5-C), and another 11 are
based on fossils that may have been found in the park (Appendix 5-D). A number of other
institutions reposit smaller collections of GRCA fossils (see for example Appendix D), and it was not
possible to document them all to the same extent as the GRCA, MNA, and USNM collections. The
literature acts as a partial proxy for these institutions; about 590 specimens have been identified from
GRCA in the literature.

Localities were assessed as much as possible to verify that only those within park boundaries were
included. It is inevitable that some reports have been omitted or overlooked, because of the long
history of research, varying standards of locality reporting, and other factors. Conversely, some
records that actually came from outside of GRCA may be included. Stratigraphy and taxonomy are
also uncertain in some cases.

All taxonomic names have been updated to use currently accepted classifications and genus/species
names. The original name in the literature or accession records was checked against several
paleontology databases including the Global Biodiversity Information Facility (GBIF at gbif.org), the
Paleobiology Database (PBDB at paleobiodb.org), and the World Foraminifera Database
(marinespecies.org; Hayward et al. 2019). For additional details of the review process for this report,
see the section on taxonomic uncertainty in Appendix 5-A.

Invertebrate Body Fossils

The Paleozoic history of Grand Canyon is recorded in the lineages of many phyla (Table 5-1),
including the Arthropoda (trilobites, bradoriids, and insects), Brachiopoda (inarticulate and articulate
brachiopods), Cnidaria (tabulate and rugosa corals), Echinodermata (eocrinoids, crinoids, sea stars,
and sea urchins), Mollusca (bivalves, gastropods, cephalopods, and scaphopods), Porifera (sponges
and sponge-like animals), Foraminifera (microfossils), and other groups (Problematica) of uncertain
taxonomic affinity (Chancelloria, Hyolithida, Margaretia, Scenella, and Tontoia). The Paleozoic
history of invertebrates at GRCA covers more than 180 million years, 13 named geologic formations,
more than 7,000 collected fossils held at numerous repositories, and literature reports of more than
260 taxa.
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Table 5-1. The number of Paleozoic invertebrate body fossils of GRCA by phylum as reported from the
literature or as listed in the museum collections included in this report. Specimens in the collections that
are not assigned to a phylum, or are composite blocks of undetermined specimens, comprise the
undetermined category.

Mississippian to
Phylum/Period Cambrian Devonian Pennsylvanian Permian Total
Arthropoda 1419 2 10 45 1476
Brachiopoda 370 4 951 1062 2387
Bryozoa 0 0 96 113 209
Cnidaria 0 4 144 51 199
Echinodermata 9 0 39 139 187
Foraminifera 0 0 263 3 266
Mollusca 8 1 230 1260 1499
Porifera 7 0 0 40 47
Problematica 70 0 0 0 70
Undetermined 33 29 116 538 716
Total 1916 40 1849 3251 7056

Early Paleozoic faunas at GRCA are preserved in the Cambrian Tonto Group and are dominated by
trilobite arthropods (Trilobita), but also contain phosphatic brachiopods (Linguliformea), calcitic
brachiopods (Rhynchonelliformea), bradoriid arthropods (Bradoriida), eocrinoid echinoderms
(Eocrinoidea), and the problematic chancelloriids (Chancelloriida) and hyoliths (Hyolithida). After
the fossil record hiatus of the Ordovician to Early Devonian, GRCA fossil communities in the middle
Paleozoic of the Temple Butte Formation are sparse and rarely identified beyond class, including
Trilobita, Rhynchonellata, Anthozoa, Gastropoda, and potentially Stromatoporoidea. The
Mississippian (Redwall and Surprise Canyon formations) invertebrates include a diverse assemblage
of brachiopods, stenolaemate bryozoans (Bryozoa), echinoderms, rugose and tabulate corals
(Anthozoa), and mollusks, primarily bivalves and gastropods but also cephalopods. Additionally, an
extensive study of foraminifera has been done for these Carboniferous units (Skipp et al. 1966; Skipp
1969). The Pennsylvanian stratigraphic units (Supai Group formations of the Watahomigi,
Manakacha, and Wescogame) are less fossiliferous due in part to the eolian and shallow water
environments of deposition (Blakey 1990) but do have examples of lingulid, rhynchonellid, and
strophomenid brachiopods, bivalves, gastropods, and crinoids. The Permian strata of GRCA includes
the Supai Group Esplanade and Coconino Sandstone formations of primarily eolian, wind-driven
origin (Blakey 1990) which lack macroscopic body fossils. The Hermit Formation is better known
for flora but has a few noteworthy instances of arthropod insect body fragments and a possible
eurypterid (Carpenter 1927, 1928; White 1929; Spamer 1984). With the return of shallow marine
environments during the deposition of the Toroweap and Kaibab formations, GRCA invertebrate
body fossils include brachiopods, bryozoans, corals, gastropods, bivalves, scaphopods, cephalopods,
crinoids, echinoids, sponges, and a few proetid trilobites.
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Stratigraphic Distribution of Fossils

The following sections document invertebrate body fossils found from the Paleozoic stratigraphic
units of GRCA. Invertebrate body fossils have been confirmed from all Paleozoic formations at
GRCA except for the Sixtymile Formation (recently found to be Cambrian in age and placed in the
Tonto Group; Karlstrom et al. 2018, 2020), the Frenchman Mountain Dolostone, the Pakoon
Limestone, and the Coconino Sandstone.

Cambrian Fauna

The early Paleozoic fossil record at GRCA is represented by the Cambrian Tonto Group, from which
many invertebrate body fossils have been reported although Cambrian exposures cover only 13% of
the park. The extensive Cambrian fauna of GRCA includes species from the groups Bradoriida,
Brachiopoda, Echinodermata, Hyolithida, Porifera, and Trilobita. The Tonto Group includes five
named formations (Karlstrom et al. 2020): the Sixtymile Formation, Tapeats Sandstone (Tapeats
Formation), Bright Angel Shale (Bright Angel Formation), Muav Limestone (Muav Formation), and
Frenchman Mountain Dolostone. No definite invertebrate body fossils have been reported from the
Sixtymile Formation and Frenchman Mountain Dolostone at GRCA. Detailed geologic descriptions
of the Tonto Group and other Paleozoic units of GRCA are discussed in Chapter 3 of this document.
However, it is worth noting that the transition between the Tapeats Sandstone and Bright Angel
Shale is difficult to distinguish, and for this report, the traditional interpretations and names of the
stratigraphic units have been retained.

Tonto Group: Undifferentiated Geologic Unit Fauna

Species from the Tonto Group (Ctu, Cu) that are not assigned to one of the constituent geologic units
include asaphid, corynexochid, olenellid, and ptychopariid trilobites, brachiopods of the Kutorginata,
Lingulata, Paterinata, Rhynchonellata and Strophomenata, and hyoliths (Hyolitha). The GRCA
brachiopods of the Cambrian are dominated by phosphatic types (Linguliformea) that first appeared
globally during Series 2 (Stage 3) of the Cambrian (Kouchinsky et al. 2012).

Most arthropods from undifferentiated Cambrian rocks at GRCA are trilobites, represented by
several orders. Corynexochids include Anoria, Athabaskia kanabensis, Glossopleura (G. boccar),
Kootenia (K. mckeei), and Ptarmigania. Ptychopariids (Figure 5-2) include Elrathia, Kochina
angustata, Parehmania kwaguntensis, P. nitida, Proehmaniella hebes, Ptychoparia, Spencella (S.
diligens), and Trachycheilus typicale (Walcott 1890, 1916a; Schuchert 1918a; Noble 1922; Schenk
and Wheeler 1942; Resser 1945; Foster 2011; Bonde et al. 2018). The asaphid Glyphaspis
kwaguntensis (Resser 1945) and the olenellid Olenoides (Olenellus?) (Walcott 1890) have also been
reported from undifferentiated Cambrian rocks at GRCA. Although there are specimens in the
GRCA collections listed as agnostid trilobites, these are considered to be misidentified ptychopterids
as agnostids are more typical of open ocean environments not found at GRCA. Additionally, there
are fossils reported as ostracods by Walcott (1890) from the Cambrian Tonto Group, but these are
presumably bradoriids.
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Figure 5-2. Cambrian trilobite fragments of Solenopleurella porcata (USNM 108626; now Spencella
porcata Rasetti 1963) from undifferentiated Tonto Group, possibly the Muav Limestone. Scale bar 1 cm
(0.4 in) (NPS/ANNE MILLER).

Brachiopod species listed as from undifferentiated Tonto Group units include representatives from
the inarticulate and phosphatic Linguliformea, and articulate calcitic Rhynchonelliformea (Williams
et al. 1996). Brachiopods today still have these two kinds of biomineralization in their shells, a trait
established during the early Cambrian (Zhuravlev and Wood 2018). Extant crinoids (Echinodermata),
like brachiopods, may be called “Articulata” (Wright et al. 2017), adding confusion to the continued
use of this term. Linguliforms (Lingulata) include Acrothele, several species of Lingulella, and
Lingulepis perattenuatus. The paterinate linguliform species include Iphidella pannula, Micromitra
(Paterina) crenistria, and Iphidea ornatella. Rhynchonelliforms include the kutorginid Nisusia (N.
kanabensis and N. obscura), and protorthid Protorthis (Walcott 1890, 1912a, 1916a; Resser 1945).

Tonto Group: Tapeats Sandstone Fauna

The Tapeats Sandstone (Ctt) is mapped as covering about 88 km? (34 mi?) or approximately 2% of
the Paleozoic units exposed in GRCA (13% of the Tonto Group exposures). The characteristics of
the depositional environment and multiple facies of the Tapeats Sandstone yield bioturbated surfaces
better known for trace fossils than body fossils (Rose 2006). Thirteen invertebrate taxa are reported
from the Tapeats Sandstone in various sources, although at least some of these are probably from the
Bright Angel Shale instead. Arthropods include the redlichiid Olenellus (Resser 1945) and
ptychopariid Spencella, and the bradoriids Indianites (I. curta, I. impressa) and Walcottella. The
brachiopods are represented by five species of the lingulate genus Lingula (L. chuarensis, L.
euglypha, L. lineolata, L. spatulus, and L. zetus), and two species of paterinate brachiopods, Iphidella
pannula and Paterina (Iphidea) crenistria. Schuchert (1918a) reported an unidentified obolellid.

Tonto Group: Bright Angel Shale Fauna

The Bright Angel Shale (Ctba) produces proportionately more fossils per area in the Tonto Group
and covers 5% of the GRCA geologic area (33% of the Tonto Group), about 266 km? (103 mi?). This
unit has locally abundant corynexochid and ptychopariid trilobites (Foster 2011) and
chitinophosphatic brachiopods. As many as 59 species of fossil invertebrates have been named from
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the Bright Angel Shale of GRCA (Appendix 5-C), although not all of them are currently considered
valid. These 59 taxa include 23 bradoriids, 22 trilobites, 13 brachiopods, and the eocrinoid Eocrinus
multibrachiatus (now classified in Gogia). The bradoriids were collected from only two localities
within the park boundaries and include species from the genera Dielymella, Indiana, and Walcottella
(Ulrich and Bassler 1931). The named trilobites from GRCA are in the genera Acrocephalops,
Albertella, Alokistocare (Amecephalus), Anoria, Ehmaniella, Elrathia, Glossopleura, Glyphaspis,
Kootenia, Pachyaspis, Parehmania, Proehmaniella, and Spencia (Walcott 1916a, 1916b; Resser
1945). The brachiopods named from GRCA are in the genera Billingsella, Dictyonina, Iphidea,
Lingulella, Nisusia, and Paterina (Walcott 1897, 1898, 1902, 1905; Resser 1945).

Arthropoda
Trilobite specimens collected from GRCA are abundant but are often only fragments of the
exoskeleton (Figure 5-3). GRCA fossil records capture some of the diversity of Cambrian trilobite
assemblages (Schenk and Wheeler 1942; Resser 1945; Foster 2011). Trilobite genus and species
taxonomy, and family-level assignments, are frequently revised. For example, ptychopariid trilobites
of the genus Amecephalus (Figure 5-4A) are taxonomically listed as kochaspids, pending the new
family description and assignments that are part of Sundberg et al. (in review).

Figure 5-3. Trilobite fragments including olenellid genal spines of unidentified species, and an olenellid
pygidium boxed in red from the Cambrian Bright Angel Shale (GRCA 6598). Scale bar 1 cm (0.4 in)
(LINDA S. LASSITER).
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Figure 5-4. The Cambrian trilobites (GRCA 9529) Amecephalus althea (A) and a dolichometopid (B) from
the Bright Angel Shale. Scale bar 1 cm (0.4 in) (JOHN FOSTER).

Olenellid trilobites (Redlichiida: Olenellidae) have been found in the western portion of the Grand
Canyon in the transition zone between the Tapeats Sandstone and Bright Angel Formation and within
the Bright Angel Formation (Schenk and Wheeler 1942; Resser 1945). The olenellids are the earliest
trilobites reported from GRCA in what is sometimes called the Olenellus—Antagmus horizon (McKee
and Resser 1945).

tychopariid (Ptychopariida) trilobites differ from olenellids by possessing librigenae sutures, fewer
thorax segments, and a distinct, but sometimes small pygidium (micropygous to subisopygous).
Overall, ptychopariids are smaller than olenellids, particularly in the early Cambrian, but by the
middle Cambrian ptychopariids such as dolichometopids (Figure 5-4B) could become quite large. A
common ptychopariid of the Bright Angel Shale is Amecephalus althea (Figure 5-5B). Other
ptychopariids in this unit are from the genera Alokistocare (A. lepida), Antagmus (A. arizonaensis),
Bolaspis (B. aemula), Ehmaniella, Elrathia (E. nitens), Elrathiella (E. decora), Kochina, Pachyaspis,
Parehmania (P. kwaguntensis, P. tontoensis), Proehmaniella (P. basilica), Spencella (S. porcata),
and Spencia (S. tontoensis) (Walcott 1916a, 1916b; Schuchert 1918a; Noble 1922; Schenk and
Wheeler 1942; McKee and Resser 1945; Resser 1945; Bonde et al. 2018).

Bright Angel Shale corynexochids are the most abundant trilobites of GRCA with more than 530
specimens in the GRCA museum collections (versus 221 specimens of ptychopariids). Corynexochid
trilobites are represented at GRCA most commonly by the genera Anoria (A. tontoensis of Figure 5-
5A), and Glossopleura (G. boccar, G. mckeei, G. meriwitica, G. productus) (Walcott 1916a;
Schuchert 1918a; Noble 1922; Schenk and Wheeler 1942; Resser 1945). Other trilobite genera of this
order from GRCA include Albertella (A. schenki), Kootenia (K. schenki, K. simplex), Olenoides,
Prozacanthoides, Ptarmigania, and Zacanthoides (Schenk and Wheeler 1942; Resser 1945; Bonde et
al. 2018).
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Figure 5-5. Examples of common, well-preserved Bright Angel Shale ptychopariid trilobites. A. Anoria
tontoensis (GRCA 11520) (NPS/REBECCA FOSTER). B. Amecephalus althea (GRCA 11612) (LINDA S.
LASSITER). Scale bar 1 cm (0.4 in).

Another group of arthropods that are common in the Bright Angel Shale are the bradoriids.
Bradoriids are extinct bivalved, phosphatic arthropods generally less than 20 mm (0.8 in) long and
appear morphologically similar to the calcitic ostracods (Figure 5-6). Bradoriids can be quite
common in some locations in the Bright Angel Shale. Recent phylogenetic analyses of all arthropods
now place bradoriids as a basal member of the Euarthropoda, distinct from sister clades of the
trilobites, chelicerates, and the derived clade of Mandibulata (Legg et al. 2013). However, some
databases still place bradoriids in the class Ostracoda (GBIF) or resolved as a basal arthropod clade
(PBDB).

Figure 5-6. Bradoriids from the Bright Angel Shale of GRCA. Scale bar 1 cm (0.4 in) (FREDERICK
SUNDBERG).

Bradoriids have been described globally only from the Cambrian (Topper et al. 2011) and on the
surface appear to have been highly endemic in eastern GRCA. Nearly two dozen bradoriid species
have been named and described from the Bright Angel Shale of eastern GRCA by Ulrich and Bassler
(1931) (Appendix 5-C). It would not be surprising if this figure is inflated by over-splitting. Fitting
the GRCA bradoriids into the biogeography and distributions of other Cambrian faunal assemblages
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might be useful as bradoriids became common worldwide before trilobites (Hou et al. 2010). GRCA
bradoriids have been assigned to the genera Bradoria, Dielasma, Indianites, and Walcottella (Ulrich
and Bassler 1931; Resser 1945); species are listed in Appendix Table 5-A-1 and 5-B-1.

Brachiopoda
Bright Angel Shale brachiopods from GRCA include phosphatic linguliform lingulids and paterinids,
and examples of several orders of calcitic forms (Appendix Table 5-A-1 and 5-B-1). The similarity in
size and chitinophosphatic composition make linguliform brachiopods easily confused with
bradoriids in Cambrian stratigraphic units. Lingulid specimens are from Acrotreta, Lingulella, and
Lingula (Frech 1893; Walcott 1898, 1902, 1912a, 1916a; Schuchert 1918a; Noble 1922; Resser
1945). Paterinids represented in the Bright Angel Shale include Dictyonina, Iphidella, Micromitra,
and Paterina (Walcott 1897, 1912a, 1916a; Noble 1922; Resser 1945).

Calcitic-valved brachiopods of the Bright Angel Shale include obolellides, kutorginates (Nisusia), the
rhynchonellid orthid Wimanella, an unidentified thecideid (Diraphora?), and the strophomenid
Billingsella (Frech 1893; Schenk and Wheeler 1942; Resser 1945). Obolellides, such as Obolella,
have oval, biconvex valves and a minute foramen opening at the tip of the pedicle valve.
Kutorginates of the genus Nisusia have a strophic hinge, prominent, extended, curved beak over the
interarea and can reach lengths of 1 to 2 cm (0.4 to 0.8 in). The only species of Nisusia from GRCA
identified to a specific unit is Nisusia noblei from the Bright Angel Shale (Walcott 1924; Resser
1945). The orthid Wimanella is only about 4 mm (0.2 in) wide, can be poorly preserved and difficult
to identify (Figure 5-7). Three specimens from the GRCA collections of the Bright Angel Shale have
been incorrectly assigned to the genus Composita, which has no fossil record before the Devonian
(Grinnell and Andrews 1964). Therefore, these specimens require reidentification; it is probable that
they are orthids.

Figure 5-7. The phosphatic orthid brachiopod Wimanella (GRCA 8423) preserved mostly as outlines of
the valves in a slab from the Bright Angel Shale. Scale bar 1 cm (0.4 in) (LINDA S. LASSITER).

The strophomenids Billingsella (Bright Angel Shale) and Clitambonites (Muav Limestone) are small
brachiopods less than 2 cm (0.8 in) wide with strophic hinge lines and calcitic valves. Billingsella is
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unique in possessing features that are associated with both strophomenids and orthids as a basal
configuration, which could warrant placement in a distinct clade (Congreve et al. 2015).

Echinodermata
Eocrinoids (Eocrinoidea), a type of early stalked echinoderm, are reported from the Bright Angel
Shale of GRCA (Kirk 1945; Robison 1965; Sprinkle 1973). Eocrinus multibrachiatus, named from a
GRCA specimen in Kirk (1945), is now assigned to the genus Gogia (Appendix 5-C). Gogia
longidactylus (GRCA 2641) is also known from Bright Angel Shale (Figure 5-8) and was illustrated
in Sprinkle (1973). An undetermined cystoid (GRCA 2479) has been identified as a rhnombiferid but
has not been re-examined. An ascocystitid, Eocystites, was reported from this unit by Walcott
(1916a) and Noble (1922), but the fossil was not in the collections surveyed for this report.

Figure 5-8. An eocrinoid, Gogia longidactylus (GRCA 2641), from the Bright Angel Shale. Scale bar 1 cm
(0.4in) (LINDA S. LASSITER).

Mollusca
Several Bright Angel Shale specimens in GRCA collections are identified to the molluscan classes
Bivalvia (four specimens) and Gastropoda (three). Given the rarity of Cambrian mollusks in general,
it is likely that these are misidentified.

Porifera
Three specimens (GRCA 2532, 2533, and 2537) are listed doubtfully as the archaeocyathid
Ethmophyllum chankensis. However, archaeocyathids are not known later than the early Cambrian
Series 3 (Lee et al. 2016) and other Bright Angel Shale specimens support a middle Cambrian age. If
these fossils are confirmed as archaeocyaths, they would be among the youngest reported
archaeocyathids in the world. Archaeocyaths were also reported in Resser (1945). There are a few
other sponges listed but not identified at the GRCA museum.

Incertae Sedis
Several specimens of uncertain classification are reported from the Bright Angel Shale at GRCA.
One (USNM 57660) is the holotype of Tontoia kwaguntensis (Figure 5-9), reported as a possible
trilobite by Walcott (1912b). Margaretia, a stalked organism sometimes misspelled Margaritia, was
described from the Burgess Shale as a fossil of algal or hemichordate affinities and is also reported
from the Bright Angel Shale of GRCA (Schenk and Wheeler 1942). Margaretia specimens are listed
in the GRCA collections with one specimen noted as having “thin fronds” or as possibly
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dolichometopid trilobite fragments (GRCA 598, 605, 609, and 630). Margaretia is a genus used for
algae, but the Burgess Shale specimens have recently interpreted as the tube enclosure of a
hemichordate (Nanglu et al. 2016). This organism is of uncertain affinity and only listed in this
invertebrate body fossil summary as a placeholder until taxonomic placement is resolved.

Figure 5-9. An illustration of Tontoia kwaguntensis (USNM 57660), which is described as a 25 mm (1 in)
long animal of trilobite or other arthropod affinity (Walcott 1912b: Plate 24).

Chancelloria (several GRCA and MNA specimens) is a sponge-like animal of uncertain affinity
(Elliott and Martin 1987), described as calcareous spicules of a sponge by Walcott (1920). It is
interpreted as a sack-shaped animal with a spicular body (Elliott and Martin 1987). This animal is
now considered to be related to Wiwaxia and halkieriids (Bengtson and Collins 2015) although it is
incertae sedis at the phylum level. Chancelloria is associated with the class Coeloscleritophora
(Elliott and Martin 1987). The spicules or sclerites from the Bright Angel Shale have a ring of five
spines that are about 0.5 to 6.0 mm (0.02 to 0.2 in) in length with short central spines of 0.5 to 1 mm
(0.02 to 0.04 in) length (Elliott and Martin 1987). The shapes of the hollow sclerites are interpreted
as similar to, but distinct from, those of Chancelloria pentacta, not found at GRCA.

There are 38 specimens of hyoliths (Figure 5-10) in the collections at GRCA museum, all identified
as Hyolithes sp. Hyoliths are an extinct group of animals with shells composed of aragonite. Their
classification has long been debated, as incertae sedis, in their own phylum (Hyolitha), a class within
Mollusca, or most recently as an ancestral lophophorate (Moysiuk and Caron 2017). Hyoliths from
GRCA (Figure 5-10) are listed as in the genus Hyolithes. The specimens at GRCA superficially
resemble the Burgess Shale and Spence Shale hyolith Haplophrentis (Babcock and Robison 1988)
and may belong to that genus. Most of the time, these fossils are found disarticulated and the
operculum may be mistaken for an inarticulate brachiopod.
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Figure 5-10. Two hyoliths from the Bright Angel Shale (GRCA numbers uncertain). The hyolith on the
right retains the operculum cap. Scale bar 1 cm (0.4 in) and U.S. quarter (diameter 24.26 mm or 0.955 in)
(LINDA S. LASSITER).

Tonto Group: Muav Limestone Fauna

Outcrops of the Muav Limestone (Ctm) in GRCA represent the largest area of the Tonto Group
(40%) and about 6% of the park (300 km? or 116 mi?). However, the invertebrate body fossil
assemblage is not as diverse as that found in the Bright Angel Shale. As with the other Tonto Group
members, the Muav Limestone is trilobite-dominated with ptychopariid and corynexochid species.
There are also several enigmatic fossils from the Muav Limestone including hyoliths, the single-
shelled, mollusk Helcionella, and Scenella hermitensis, which is named from GRCA (Resser 1945).
The hyoliths are discussed in more detail in the Bright Angel Shale section.

Seven fossil invertebrate taxa have been named from specimens found in the Muav Limestone of
GRCA, with another 12 to 14 collected either from the Bright Angel Shale or Muav Limestone
(Appendix 5-C). Those definitely from the Muav Limestone include Scenella hermitensis, the
trilobite species Bolaspis aemula, Glyphaspis tecta, Kootenia schenki, Spencella erosa, and S.
porcata (Resser 1945), and the brachiopod Nisusia noblei (Walcott 1924). Trilobites of the Muav
Limestone may be attributed to similar assemblage zones as those in the Bright Angel Shale (Stage 5,
Series 3), although this is still under current study.

Arthropoda
Identified trilobites of the Muav Limestone include the corynexochid genera Anoria, Athabaskia,
Dorypyge, Glossopleura, Kootenia, Neolenus, and Zacanthoides; the asaphid Glyphaspis; and the
ptychopariids Alokistocare, Anomocarella, Bolaspis, Pachyaspis, Parehmania, Saukia, and Spencella
(Noble 1922; Stoyanow 1936; Schenk and Wheeler 1942; Resser 1945). Specimens identified to the
species level include Bolaspis aemula, Glossopleura meriwitica, Glyphaspis kwaguntensis, G. tecta,
G. vulsa, Kootenia havasuensis, K. mckeei, K. schenki, K. simplex, Pachyaspis moorei, Parehmania
kwaguntensis, Spencella porcata, and S. erosa (Schenk and Wheeler 1942; Resser 1945). There are
more than 60 unidentified or tentatively identified specimens of trilobites in the GRCA museum
collections, including some identified tentatively as Elrathiella.
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Brachiopoda
The strophomenid Clitambonites is found in the Muav Limestone (Noble 1922). The kutorginates are
of the same diversity as in the Bright Angel Shale (Nisusia). Other Muav Limestone brachiopods are
chintophosphatic forms in the genera Dictyonina, Discina, Lingula, Lingulella (Lingulepis),
Trematis, and possibly Acrotreta (Walcott 1883, 1890; Noble 1922; Resser 1945). Syntrophia was
identified by Noble (1922) but is typically found in Lower Ordovician to Silurian rocks which are
missing from GRCA.

Echinodermata
Three undetermined cystoids (GRCA 2174, 11842, 11843) have been cataloged from the Muav
Limestone in the GRCA museum collections but are doubtful in their identification and were
excluded from the final listing (Appendix 5-A). Although James Sprinkle (UT-Austin) has
interpreted one as surface impressions likely from a set of burrows, the other specimens have yet to
be re-examined.

Mollusca
Helcionelloida is a class of snail-like mollusks that appeared in the Cambrian and went extinct in the
Ordovician. Helcionella has been informally identified from the Muav Limestone (A. Palmer, USGS,
written comm. to M. B. Ingham, 1963). The specimen from the Muav Limestone of GRCA is held at
Lake Mead NRA (LAKE 2243), having been collected from a part of GRCA once within the
recreation area.

Porifera
Resser (1945) indicated the presence of archaeocyathids in the Muav Limestone. However, these
have most likely been misidentified.

Incertae Sedis
Hyolithes is reported from the Muav Limestone (Resser 1945) and in the collections at GRCA.
Additionally, the Muav also has an unusual invertebrate fossil named Scenella (Resser 1945). First
reported as a gastropod and classified in current databases (PBDB) as a monoplacophoran mollusk,
Scenella is a simple, cap-shaped shell that resembles the modern limpet. Scenella from GRCA is
generally 1 to 1.5 cm (0.4 to 0.6 in) long, oval in outline, and composed of either calcium phosphate
or calcium carbonate. So far, it has only been reported from the Muav Limestone at GRCA (Scenella
hermitensis, MNA 1640 and USNM 108568a, named in Resser 1945). Re-interpretations of similar
shaped objects from other Cambrian localities have suggested that Scenella is an internal float device
used by soft-bodied cnidarias (hydrozoans) (Yochelson and Cid 1984). Chancelloria may also be
found in the Muav Limestone as mentioned by Schenk and Wheeler (1942) and Resser (1945).

Devonian Fauna

Temple Butte Formation Fauna

Two percent of the park has been marked as exposures of the Devonian Temple Butte Formation
(Dtb) (95 km? or 37 mi?), which is limestone or more commonly dolomitized (Rowland et al. 1995).
This formation can be found as isolated channel-fills cut into the underlying Muav Limestone with
many larger exposures of limestone and dolostone in the western GRCA (Beus 1990). The Temple
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Butte Formation has probably not been sufficiently surveyed for fossils as reflected in the sparse
number of specimens in the collections at the GRCA museum. Out of more than 7,000 Paleozoic
invertebrate body fossils in GRCA collections, only about 40 are from the Temple Butte Formation
and 30 of those are not even identified to phylum (Appendix Table 5-A-2). A few fossils, one
brachiopod and one coral, are reported from locations of uncertain Devonian or Mississippian age
from the literature (Beus 1990) that are believed to be from the Temple Butte Formation. Beus
(1990) also noted the presence of possible stromatoporoids, but no further information on locality or
current location is known. Otherwise, unidentified specimens of the Temple Butte Formation include
a few rugose corals, gastropods, crinoids, and brachiopods (Beus 1990) but none are identified
beyond genus level.

Arthropoda
There are unidentified trilobites associated with the Temple Butte Formation (GRCA 2668, 2669)
that appear to be similar to Elrathia.

Brachiopoda
Spiriferids are the only named group of brachiopods reported from the Temple Butte Formation and
are only identified as Spirifer sp. in the GRCA museum collections. Other unidentified brachiopods
are mentioned in Walcott (1883) and Stoyanow (1936).

Cnidaria
Corals first appear in GRCA in the Temple Butte Formation. Only three specimens assigned to the
order Stauriida have been identified from the literature (Walcott 1883; Noble 1922; Schenk and
Wheeler 1942). One has been identified as Streptelasma sp. (Schenk and Wheeler 1942) but the
location data is uncertain, and it may not have been within the current park boundaries.

Mollusca
One unidentified gastropod was mentioned by Walcott (1883) as being from unnamed Devonian
rocks and is presumably from the Temple Butte Formation.

Mississippian Fauna

Mississippian units at GRCA include the Redwall Limestone and Surprise Canyon Formation
(McKee and Gutschick 1969a; Beus 1990), which are thickest in western GRCA. These units cover
deposition from the Early Mississippian (Kinderhookian, 360-355 Ma) in western GRCA to Late
Mississippian (Chesterian) (McKee and Gutschick 1969b). These strata have had significant studies
of the microfossil Foraminifera and macroscopic invertebrate body fossils.

Redwall Limestone Fauna

The Mississippian age Redwall Limestone (Mr) has exposures covering about 7% or 342 km? (132
mi?) of the park but has produced about 20% of the specimens from the Paleozoic units of GRCA.
There are four members present at GRCA, in ascending order the Whitmore Wash, Thunder Springs,
Mooney Falls, and Horseshoe Mesa members (McKee 1963). The oldest member dates to the Early
Mississippian (late Kinderhookian, equivalent to the middle Tournaisian), and the youngest, as
Middle Mississippian (middle Meramecian, equivalent to the middle Visean) (McKee and Gutschick
1969b). The Redwall Limestone records two marine transgression-regression cycles, one in the
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Whitmore Wash to Thunder Springs members, and one in the Mooney Falls to Horseshoe Mesa
members (Beus 1989). These cycles created an intermittent shallow sea (Beus 2003) reflected in
variations of the limestone that indicate changes in water depths and energy levels (McKee and
Gutschick 1969c).

The Redwall Limestone faunal assemblages are dominated by rhynchonellid and strophomenid
brachiopods. Besides the brachiopods, other invertebrate fossils include rugose and tabulate corals,
bivalve and gastropod mollusks, and fenestrate and branching bryozoans. There are also a few
trilobites, blastoids, and crinoids (chapters in McKee and Gutschick 1969a). A large study of
foraminifera identified more than 360 specimens from the Redwall Limestone (Skipp et al. 1966;
Skipp 1969).

Arthropoda
Trilobite presence is limited in the middle Paleozoic and this reduction in diversity and abundance is
noted at GRCA with only a few species in the Redwall Limestone. Trilobites include Aprathia
(Eodiscida) and the proetid trilobites Breviphillipsia and Phillipsia peroccidens (identified as P.
tuberculata in GRCA collections; GRCA 9994) (McKee and Gutschick 1969d, 1969f; Cisne 1971,
Brezinski 2017).

Brachiopoda
Most brachiopods of the Redwall Limestone are spiriferids (Rhynchonellata: Spiriferida) although by
this time the orthotetids (Strophomenata) like Derbyia have also become common (Figure 5-11;
Appendix Table 5-A-2 and 5-B-2). Carter et al. (2014) reported a number of brachiopod taxa from
the Redwall Limestone of Arizona, based on specimens originally to have been described for McKee
and Gutschick (1969a). Few of the studied specimens came from within GRCA itself, but it is likely
that the taxa can also be found in the park.

Figure 5-11. An unidentified brachiopod with fine costae like the common Derbyia (Strophomenata:
Orthotetida) on a fossiliferous slab from the Redwall Limestone (GRCA 11065). Scale bar 1 cm (0.4 in)
(LINDA S. LASSITER).

124



Spiriferids represent more than 90% of Rhynchonellata specimens and the most frequently reported
taxon is Spirifer sp. Rhynchonellata brachiopods besides the Spiriferida include representatives from
the orders Athyridida, Orthida, Rhynchonellida, Spiriferinida, and Terebratulida (Frech 1893;
Schuchert 1918b; Noble 1922; McKee and Gutschick 1969d; Carter et al. 2014; Bonde et al. 2018).
Most reported taxa are only identified to the genus level (Appendix Table 5-A-2 and 5-B-2) (Noble
1922; McKee and Gutschick 1969d; Carter et al. 2014). This may be indicative of the poor
preservation observed for most of the Redwall Limestone specimens, or relatively little study of the
collections.

Of the 255 specimens of Strophomenata listed in the GRCA museum collections from the Redwall
Limestone, 229 are identified as the orthid Derbyia sp. Aside from orthotetids, productids and
strophomenids are also represented but in small numbers.

Bryozoa
Most bryozoans from the Redwall Limestone are fenestrate (Fenestrata and Fenestrida) or
cystoporids (Cystoporida). Although there are several trepostome specimens at USNM reported from
the Mooney Falls Member of the Redwall Limestone (Duncan 1969), none have been identified
beyond order (Trepostomatida). Generally, bryozoans are fragmentary and molds with the best
specimens are found in the oolitic limestone of the Mooney Falls Member (McKee and Gutschick
1969d). Encrusting, ramose, fenestrate, and branching bryozoan forms have been reported from
GRCA, although most are not otherwise identified (Schuchert 1918b; McKee and Gutschick 1969d).
Duncan (1969) did extensive work documenting the Redwall Limestone bryozoan assemblages and
provides a helpful resource.

Fossil specimens of the Fenestrata include the genera Fenestralia, Lyroporella, Neoreteporina, and
Polyporella (Duncan 1969; McKee and Gutschick 1969d). The Fenestrida from GRCA include
Fenestella (F. compressa, F. serratula), Penniretepora, and Polypora (Schuchert 1918b; Duncan
1969; McKee and Gutschick 1969d). These are net-like, or lacy, zooaria with openings, or
fenestrules, between the longitudinal sections of the overall colony form. The genera are
distinguished by the shapes of the fenestrules between sections or by the position and numbers of the
zooecium. For example, the genus Polypora (Fenestrida) has three to eight rows of autopore
apertures on only one side (obverse) of the zoarium, and fenestrules are long and sometimes oval
(Miller 1963). Polypora is helpful for stratigraphic correlation. It is rare in the Redwall but is also
found in the Kaibab Formation. Fenestralia (Fenestrata) is found throughout the Redwall Limestone
and has four zooecia per row that are divided by a keel into two rows on one side, and fenestrules are
oval to rectangular (Burckle 1960). Most commonly, bryozoans are preserved so that the only visible
diagnostic feature is the spacing and distribution of the fenestrules as the obverse side with zooecia
not exposed (Duncan 1969). Neoreteporina is only reported from the Thunder Springs Member.

Cystoporids are found in the Redwall Limestone including Cheilotrypa, Coscinotrypa, Dichotrypa,
and Ramiporalia (Duncan 1969; McKee and Gutschick 1969d). A distinctive middle Paleozoic
bryozoan from GRCA is Cystodictya, which has lunaria in bifoliate colonies that may appear leaf-
shaped when well-preserved.
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Cnidaria
Redwall Limestone corals have been reviewed in detail in Sando (1969) and the GRCA fossils can be
compared to specimens outside of GRCA (Sando and Bamber 1985). Tabulate corals are more
diverse and abundant in the Redwall Limestone than other geologic units at GRCA, although many
specimens are difficult to identify (Figure 5-12). There are specimens from the auloporids
Syringopora (S. aculeata, S. surcularia), and Cladochonus (Monilipora of Noble 1922) (Schuchert
1918b; Noble 1922; Sando 1969; Sando and Bamber 1985; Bonde et al. 2018). Syringopora (Figure
5-13) has cylindrical tubes in irregular patterns with transverse connections at random locations. If
the top is visible, these corals do not form the appearance of a chain but appear as masses of circular
openings. Other tabulate forms include another Redwall Limestone species that may form small
branches or look similar to Syringopora as a massive coral with conical tubes with thick, dividing
walls and a classic “honeycomb” appearance on the surface. Favositid corals are represented in the
GRCA collections (Cladopora).

44U 2)

Figure 5-12. A coral from the Redwall Limestone of GRCA (GRCA 4470) with poor preservation for clear
diagnosis beyond phylum. Scale bar 1 cm (0.4 in) (LINDA S. LASSITER).

Rugose corals were more abundant than tabulates during the Mississippian and this is also reflected
in GRCA fossil distributions. Solitary rugose corals are easily identified by their curved, ceratoid or
horn-shape structure. In both individual and colonial rugosa, each polyp forms septa that radiate from
the peripheral outer edge in towards the central axis. The rugose (Stauriida) coral Vesiculophyllum
incrassatum is the most frequently reported coral from this unit (Easton and Gutschick 1953; McKee
and Gutschick 1969d; Sando 1969; Bonde et al. 2018), but several other taxa are present in the
Redwall of GRCA as well (Appendix Table 5-A-2 and 5-B-2).
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Figure 5-13. Tabulate phaceloid coral (Syringopora sp.) from the Redwall Limestone of GRCA showing a
massive form with individual corallites (GRCA 11055). Scale bar 1 cm (0.4 in) (LINDA S. LASSITER).

Echinodermata
Crinoid columnals are common but have limited diagnostic features for classification. In general,
columnals are not usually diagnostic to genus or species, so it is usually not possible to classify
isolated columnals. This helps to explain why nearly all crinoid specimens are only defined to the
class level (Crinoidea). The blastoid Pentremites has been reported from the Redwall Limestone at
GRCA (Macurda 1969); see the more detailed description in the Surprise Canyon Formation section.

Mollusca
Mollusks reported from the Redwall Limestone at GRCA include gastropods and a single
cephalopod, Rayonnoceras (Breed 1969). A few specimens of bivalves have also been reported from
the Redwall Limestone and are in GRCA collections, but were collected from localities outside of
GRCA.

Many river guide texts refer to the nautiloid fossils found in abundance at Nautiloid Canyon in
outcrops of the Whitmore Wash Member of the Redwall Limestone. At Nautiloid Canyon, the
erosion surfaces create a false appearance of tentacles on the fossils (Billingsley and Breed 1976).
They are attributed to Rayonnoceras sp., a longiconic orthocone (Breed 1969; Billingsley and Breed
1976). An undetermined coiled nautiloid was also briefly noted by Billingsley and Breed (1976).

Gastropods in the Redwall Limestone are often fragmented, worn, or may only be internal molds
(steinkerns) (Figure 5-14), making species-level identification difficult (Yochelson 1969). Genera of
the Euomphalina (Figure 5-14A) and Bellerophontida (Figure 5-14B) orders are the most common.
Euomphalids at GRCA in the Redwall include the genera Euomphalus, Platyceras, and Straparollus
(Noble 1922; Yochelson 1969). Euomphalus has a slight raised edge or shoulder or carinae on the
whorls. Platyceras is a common gastropod of the middle Paleozoic with an asymmetrical spire and
whorls that may not contact in later growth (evolute). Straparollus is similar to Euomphalus and
distinguishing between these genera requires good preservation of the fossils. Bellerophonts include
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specimens from Bellerophon (Noble 1922) and Euphemites, with the most common specimens at the
GRCA museum being E. subpapillosus. Bellerophon is somewhat globular with unsculptured whorls.
However, this genus has a distinctive band on the outer rim of the shell called a selenizone band. The
aperture (opening) is flared, forming the widest part of the coiled shell. Bellerophon is about 2 cm
(0.8 in) wide and found in Redwall Limestone and Kaibab Formation deposits (Figure 5-14).

Figure 5-14. Gastropods showing poor preservation common in fossils from the Redwall Limestone of the
families Euomphalidae (GRCA 7641) (A) and Bellerophontidae (GRCA 7628) (B). Ruler scale in
millimeters (LINDA S. LASSITER).

Foraminifera
Fusulinids (Fusulinata), the “giant” calcareous foraminifera of the late Paleozoic, are well-
represented in the Redwall Limestone at GRCA. Mississippian fusulinids were more commonly
described from Russian literature before the studies conducted at GRCA (Skipp et al. 1966).
Fusulinids of the order Endothyrida represent most of the diversity and are useful for biostratigraphy
and zoning as with Endothyra found in the Horseshoe Mesa Member and Tuberendothyra in the
Mooney Falls Member. The foram genera from GRCA include Endothyra, Eoendothyranopsis,
Septaglomospiranella, and Tournayella. Foraminifera collected from GRCA and held at the USNM
are listed in Table 5-2. There are a few specimens of the fusulinid Schubertella at the GRCA
museum.

Table 5-2. Foraminifera from the Redwall Limestone of the Grand Canyon in USNM collections.

Class Order Species #
Archaediscida Pohlia henbesti 18
Archaediscida Septatournayella cf. S. pseudocamerata
) Archaediscida Septatournayella? cf. fS. minutad
Fusulinata — -
Archaediscida Tournayella aff. AiT. subangulatad
Archaediscida Tournayella discoidea 18
Earlandiida Earlandia sp. 4
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