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following website: https://irma.nps.gov/DataStore/Reference/Profile/2268299. 

Two paleontology interns, Diana Boudreau and Klara Widrig, were hired for this project and served 

six months helping to coordinate the many components of the paleontology-focused activities at 

GRCA. Colleen Hyde and Kim Besom of the GRCA Museum have been long-term advocates for 

GRCA paleontology and were extremely helpful with the many museum-related requests during this 

project. We dedicate this report to Colleen and Kim in appreciation for their years of service 

https://irma.nps.gov/DataStore/Reference/Profile/2268299
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supporting GRCA paleontology. GRCA Interpretive Ranger Ronnie Colvin inspired our team with 

her creative energy, wonderful ideas, and the experiences she has gained by hosting National Fossil 

Day events at GRCA in the past. Our National Fossil Day Coordinator John-Paul Hodnett 

(Maryland-National Capital Park and Planning Commission) first suggested hosting a NFD event at 

GRCA and was instrumental in the success of this special event during the parkôs centennial. We 

were fortunate to share in the successful completion of a Masterôs Thesis from Northern Arizona 

University by paleontologist Anne Miller. Anneôs contributions to this project were many, and her 

previous work at GRCA prepared her well to help plan field logistics to ensure that all our team 

remained safe during their ventures for fossils in the canyon. Our scientific advisor for the project, 

Ronda Newton, helped our team to navigate important discussions and requirements, including our 

research and collecting permit, to support our planning and project activities. GRCA GIS Program 

Manager Mark Nebel served many key roles during the 16 months of work involved with the early 

planning, developing of funding requests, and providing cutting-edge technical geospatial support 

that we can benefit from in our paleontology work in other NPS areas. Vincent Santucci and Justin 

Tweet from the NPS Paleontology Program provided coordination of project planning, weekly 

assignments and meeting, communication, and development of the GRCA Paleontological Resource 

Inventory Report. 

The GRCA Centennial Paleontological Resource Inventory represents the largest and most 

comprehensive park-specific paleontological resource project ever undertaken by the NPS. Our hope 

is that this effort will not only contribute to the understanding of the extensive fossil record at 

GRCA, but to also comprehensively assemble important baseline paleontological resource data to 

support and inform park management. This report has benefited from the work of those who have 

come before us, and during this 100th Anniversary we offer the GRCA Paleontological Resource 

Inventory Report to serve and inspire rangers, visitors and those others who will be the stewards of 

the GRCA fossil record in the future. 
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Dedication 

On behalf of the Grand Canyon National Park Centennial Paleontological Resource Inventory team 

we would like to dedicate this report to Colleen Hyde and Kim Besom (GRCA Museum) and to all 

National Park Service curators, museum specialists, museum technicians, collections managers and 

archivists. 

 

A photo of Kim Besom (left) and Colleen Hyde (right) standing at an overlook on the Grand Canyon rim 

First, we recognize that the work we are involved with in the NPS Paleontology Program and at 

GRCA has consistently benefited by the dedicated professionalism of park museum staff. For 

paleontology, maintaining fossil collections in museums is a fundamental and core value of the 

science. The meticulous detail and care provided for fossil collections in the NPS, not only 

contributes to the science of paleontology, but it is fundamentally important to our 

preservation/conservation mission and goals in the NPS. This is especially true for our non-

renewable remains of ancient organisms preserved in our national parks. 

Moreover, much of this important and often behind the scenes work undertaken by museum 

professionals, is the foundation for our scientific research and resource management related to non-

renewable fossil resources. We have clearly benefited by the support from many museum 

professionals in the NPS, who through their work contribute to the scientific integrity of the 

important legacy data associated with park museum fossil collections. We are reminded continuously 
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during our work in the NPS Paleontology Program, how we have benefited from the meticulous work 

of museum professionals at all levels (WASO, regions and parks). 

Both Colleen and Kim exemplify the best of the best in professional museum curators. Not only do 

they maintain the huge database of knowledge related to what is now more than 100 years of GRCA 

history and museum objects that preserve the rich stories of the park, but they do so with passion and 

dedication. Colleen and Kim have been so very helpful to each one of our GRCA Paleontology Team 

with our many requests for assistance. As long as we have worked together with Colleen and Kim, 

they have always been so helpful and friendly in support of our research. They have accommodated a 

long list of researchers that were sent their way to view collections and obtain curatorial records to 

support their research. A number of current and past paleontology interns praise Colleen and Kim on 

a regular basis. 

This GRCA Paleontological Resource Inventory project is an important one for us allðand it is 

equally important that we are able to extend our thanks and tribute to the museum professionals who 

have supported our work and we have all come to call our friends and colleagues. 
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Chapter 1. Introduction and Summary: The Paleontological 

Heritage of Grand Canyon National Park 

By Vincent L. Santucci1 

1National Park Service  

Geologic Resources Division  

1849 ñCò Street, NW  

Washington, D.C. 20240 

Throughout my life I have been bestowed the privilege of experiencing the world-renowned 

landscape and resources of the Grand Canyon from many perspectives and viewsheds (Figure 1-1). 

My first views were standing and taking photos from the many vantage points and overlooks along 

the North and South rims. I have enjoyed many hikes into the canyon with colleagues from the 

National Park Service (NPS) or with academic geologists and paleontologists. On a few occasions I 

ventured down and then back up the trails of the canyon with my children Sarah, Bethany, Luke, 

Jacob, Brianna and Abigail, often carrying one or more in my arms on the climb against gravity. I 

traversed by foot to the base of the canyon at Phantom Ranch and gained a greater appreciation for 

the geologic story preserved in the park strata. I have gazed intensely out the window of many 

commercial aircraft from above this geologic wonder of Earth, contemplating the geomorphic 

ñgrandeurò created over "Deep Time" and the artistry of processes perfected by ñMother Nature.ò I 

pinch myself when I recall the opportunity when my friend Justin Tweet and I were granted 

permission to fly into the western portion of the Grand Canyon on a small NPS plane operated by a 

pilot from Lake Mead National Recreation Area. As we meandered above the Colorado River and 

below the canyon rim, we celebrated when we located one of the paleontological crown jewels of the 

NPS: the entrance to Rampart Cave. I have studied the Grand Canyon through many scientific 

articles and geologic/topographic maps, and in my contemplation and dreams, I always ask myself, 

ñWhat is still out there? What fossilized remains from our past are yet to be discovered?ò I love this 

Grand Canyon! 

The stars were aligned in 2019 to assemble a team, with the support of the Grand Canyon National 

Park leadership, to undertake a comprehensive paleontological resource inventory for the park. One 

of the primary catalysts to this ambitious task was tied to the centennial celebration for Grand 

Canyon National Park, in recognition of the 100th anniversary of the parkôs establishment on 

February 26, 1919. The discussions for the paleontological resource inventory began between the 

NPS Paleontology Program and Grand Canyon National Park staff in 2018, which led to tremendous 

support to move forward with a park-specific paleontological resource inventory in conjunction with 

the centennial. A multidisciplinary team of subject matter experts were assembled to assist in the 

development of the thematic manuscripts which make up this publication and to assist with a number 

of paleontology-focused tasks and activities related to the paleontological resources of Grand Canyon 

National Park.
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Figure 1-1. Map of Grand Canyon National Park (NPS/MARK NEBEL). 
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In addition to this publication focused on the paleontology of Grand Canyon National Park, two other 

major tasks were undertaken during the parkôs centennial. One consisted of hosting the Grand 

Canyon National Park PaleoBlitz, only the second such undertaking sponsored by the NPS 

Paleontology Program (the first was hosted at Chickasaw National Recreation Area in 2016). The 

other was the hosting of the 2019 National Fossil Day Celebration at Grand Canyon National Park 

(Figure 1-2). As part of the Grand Canyon National Park Centennial events, in September 2019 we 

gathered together at Mather Point and celebrated National Fossil Day with our friends, partners and 

the public. Diana Boudreau (2020) summarizes the various components and accomplishments in an 

after-action report available through IRMA at 

https://irma.nps.gov/DataStore/Reference/Profile/2268299. 

 

Figure 1-2. 2019 National Fossil Day logo featuring Pleistocene fauna from Rampart Cave in Grand 

Canyon National Park (NPS). 

https://irma.nps.gov/DataStore/Reference/Profile/2268299
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The principal goals and objectives for the Grand Canyon National Park Centennial Paleontological 

Resource Inventory were to identify the scope, significance, distribution and management issues 

associated with the fossils of the park. Through this effort we compiled baseline paleontological 

resource information for park managers and staff to better understand the non-renewable resources 

under their stewardship, and in turn help to inform park planning and decision-making which may 

relate to park fossils. This publication is written for park managers, in the language and content most 

useful for considering the many aspects of management, protection, interpretation and scientific 

study of National Park Service fossils. 

It is also important to recognize the role of the Paleontological Resource Preservation Act of 2009 

(PRPA) in defining the need for undertaking this paleontological resource inventory for Grand 

Canyon National Park. Specifically, Section 6302 of PRPA (16 USC 470aaa-1) mandates for the 

NPS and other Department of Interior bureaus that ñThe Secretary shall manage and protect 

paleontological resources using scientific principles and expertise. The Secretary shall develop 

appropriate plans for inventory, monitoring, and the scientific and educational use of paleontological 

resources.ò The work undertaken in conjunction with the 2019 Grand Canyon National Park 

Centennial Paleontological Resource Inventory exemplifies this legal standard and scientific 

principle. 

The Grand Canyon National Park Centennial Paleontological Resource Inventory represents the 

largest such inventory in National Park Service history. The work required the collaboration of a 

team of paleontologists, NPS staff, and a number of partners. Subject matter experts with previous 

research and experience involving Grand Canyon fossils were involved in various aspects of this 

inventory including drafting or peer review of the manuscripts presented in this undertaking. The 

collective work is represented by this publication, by new fossil specimens cataloged in the parkôs 

museum collection, and through new interpretive media focused on Grand Canyon paleontology. 

This work represents the compilation of historical and current research and fossil collections 

associated with paleontology of Grand Canyon National Park. In addition, fossils documented from 

outside the administrative boundaries of the park, from the greater Grand Canyon region, have also 

been considered as part of this inventory. 

The first technical chapter (2) in the Grand Canyon National Park Centennial Paleontological 

Resource Inventory is History of Paleontological Work at Grand Canyon National Park: Up and 

Down the Long Federal and NGO Trails of Paleontology in Grand Canyon National Park, 1858ï

2019 by Earle E. Spamer. This chapter presents a historic overview of the parkôs paleontology, 

including fieldwork and research. This rich history begins with the first discovery of a fossil in the 

Grand Canyon in April 1858 in the Diamond Creek area by members of the Ives Expedition and 

published in 1861 by John Strong Newberry (Newberry 1861). A long list of notable paleontologists 

have worked in Grand Canyon and are summarized in Spamerôs chapter (Figure 1-3). 
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Figure 1-3. Notable paleontologists who worked in areas now administered as Grand Canyon National 

Park, including (from left to right): Charles Doolittle Walcott (USNM photo); John C. Merriam (NPS); 

Charles Gilmore (USNM); Remington Kellogg (USNM); David White (NPS); and Edwin McKee (USGS). 

A chapter (3) devoted to a basic overview on the Stratigraphy of Grand Canyon National Park was 

prepared by Tim Connors and others. Given the paleontological focus of this publication, there was a 

need to provide a consistent stratigraphic context for the individual chapters. This chapter was not 

intended to present a comprehensive guide to the geology of Grand Canyon National Park, nor to 

address unresolved or controversial interpretations or perspectives on the parkôs geology. The focus 

on the stratigraphy was viewed as important given the close relationship to the parkôs paleontology 

and paleoenvironments represented by the various stratigraphic units. 

Grand Canyon National Park preserves important and fossiliferous exposures of Precambrian strata. 

Prior to the area being initially proclaimed a national monument in 1908, paleontologist Charles 

Doolittle Walcott ventured into the Grand Canyon on his quest for early fossils (Figure 1-4). In the 

chapter (4) titled Precambrian Paleontology of Grand Canyon National Park by Justin Tweet, he 

reports on the oldest known fossils preserved at the park and in some cases the earliest reported 

occurrences of unusual fossil forms such as Chuaria circularis and vase-shaped microfossils. 

The invertebrate fossil record from the Paleozoic strata of Grand Canyon National Park represents by 

far the most abundant and diverse category of park fossils. This includes both invertebrate body 

fossils and trace fossils largely preserved in marine sedimentary rocks, and specific chapters are 

dedicated to each. Linda Lassiter and others have prepared a detailed summary of the invertebrate 

body fossils (Chapter 5), titled Paleozoic Invertebrate Paleontology of Grand Canyon National Park. 

Anne Miller and others prepared a comparable work reporting on the invertebrate trace fossils 

(Chapter 8) which is titled Paleozoic Invertebrate Ichnology of Grand Canyon National Park. 

Fossil vertebrates were first reported from the Devonian Temple Butte Limestone in Grand Canyon 

by Charles Walcott (1880) during the initial surveys undertaken by the U.S. Geological Survey. The 

Mississippian Surprise Canyon Formation has yielded a rich fossil chondrichthyan fauna which has 

recently been described, with a number of new fossil shark taxa being named (Hodnett and Elliott 

2018) (Figure 1-5). The authors who published on the Surprise Canyon Formation sharks, JP Hodnett 

and David Elliott, are also the authors for the chapter (6) in this publication titled Paleozoic 

Vertebrate Paleontology of Grand Canyon National Park: Research History, Resources, and 

Potential. 
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Figure 1-4. Paleontologist Charles Doolittle Walcott explored the Grand Canyonôs Precambrian and early 

Paleozoic strata for traces of early life (NPS). 

 

Figure 1-5. Grand Canyon National Park Fossil Trading Card featuring the fossil shark Amaradontella 

santuccii from the Mississippian Surprise Canyon Formation (NPS). 
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Fossil plants are summarized by Cassi Knight in her chapter (7) Paleozoic Paleobotany of Grand 

Canyon National Park. This chapter reviews the known Paleozoic plant macrofossil resources in 

Grand Canyon National Park, detailing previously published plant fossil occurrences from the 

Surprise Canyon Formation, the Supai Group formations, and the Hermit Formation (Figure 1-6). 

Many of the taxonomic names used by David White in his 1929 monograph on the plant fossils of 

the Hermit Formation needed to be reviewed in light of more recent publications and taxonomic 

considerations. 

 

Figure 1-6. Civilian Conservation Corps (CCC) constructing the in situ Fossil Fern Exhibit along the South 

Kaibab Trail during 1937 (NPS). 

An important Late Paleozoic vertebrate ichnofossil record has been documented from the Hermit 

Formation and Coconino Sandstone from within Grand Canyon National Park (Figure 1-7). 

Smithsonian paleontologist Charles Gilmore made large collections of fossil vertebrate tracks from 

the park during the 1920s. The fossil tracks from the park include some of the oldest occurrences of 

tetrapod tracks preserved in eolian strata. Lorenzo Marchetti and co-authors review these and other 

finds in their chapter (9) titled Paleozoic Vertebrate Ichnology of Grand Canyon National Park. 

The limited exposure of Mesozoic strata in Grand Canyon National Park is represented by the 

Triassic Moenkopi Formation and the Shinarump Member of the Chinle Formation. Petrified Forest 

National Park paleontologists Adam Marsh and Bill Parker coordinated field inventories of the 

Triassic units in the park during 2019. Marsh and others prepared a chapter (10) titled Mesozoic 

Paleontology of Grand Canyon National Park: Trace Fossils, Stratigraphy, and Regional 
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Correlations. Marsh and his team documented both invertebrate and vertebrate trace fossils from the 

Moenkopi Formation in the park, which are the first examples of either reported from the Mesozoic 

rocks of Grand Canyon National Park. 

 

Figure 1-7. In situ block of Coconino Sandstone with Ichniotherium sphaerodactylum trackways in Grand 

Canyon National Park (NPS/CASSI KNIGHT). This find was documented in Francischini et al. (2019). 

The area in and around Grand Canyon National Park contains more than 650 documented caves. 

Some of these dry caves preserve Pleistocene/Holocene paleontological resources including Ice Age 

mammals and birds (Figure 1-8). Among these fossils, rare mummified remains of Pleistocene bats 

and other mammals are preserved with soft tissues and hair in a few of these caves within the canyon. 

One of the more notable caves in Grand Canyon is Rampart Cave, which preserved stratified 

sequences of ground sloth dung, but much of the material was lost to an accidental anthropogenic fire 

in the 1970s. Jim Mead and his team have contributed a chapter (11) titled Pleistocene/Holocene 

cave fossils from Grand Canyon National Park to summarize these discoveries. 
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Figure 1-8. Fossil condor skull from Stevens Cave, Grand Canyon National Park (STEVE EMSLIE). 

The final chapter of this publication is specifically dedicated to the management of Grand Canyon 

National Parkôs rich and diverse paleontological resources. Diana Boudreau and others developed a 

chapter (12) titled Grand Canyon National Park Paleontological Resources Management and 

Protection to help park managers and staff understand the range of activities and issues associated 

with the management of non-renewable resources. This chapter focuses not only on the management 

of fossils found within the rock strata of the park, but also presents information related to fossils in 

the parkôs museum collection and other outside repositories which maintain park fossil collections. 

This chapter also presents information related to a Geospatial Database developed and piloted by 

park staff to manage fossil locality data for Grand Canyon National Park. 

In addition to chapter-specific appendices, six general appendices are included at the end of this 

document: fossil taxa named from specimens found within GRCA (Appendix A); fossil taxa named 

from specimens possibly found within GRCA (Appendix B); summary tables of Paleozoic taxa 

reported from GRCA (Appendix C); contact information for outside repositories of GRCA fossils 

(Appendix D); paleontological resource law and policy information (Appendix E); and a geologic 

time scale (Appendix F). 

The study of the paleontological resources at Grand Canyon are brief, spanning slightly more than 

160 years since the first fossils were collected from Diamond Creek during the Ives Expedition in 

1858. The team contributing to this publication is dedicated to the paleontology of Grand Canyon 

National Park and all recognize that we have just scratched the surface in terms of the potential for 

future fossil discovery. This report is intended to provide a baseline of paleontological resource 

information as of the 100th anniversary of Grand Canyon National Park in 2019. We collectively 

admire and benefit from the work of those paleontologists who have come before us and hope that 
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our work will inspire and support the work by those paleontologists and park managers who will 

come in the future. 
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Chapter 2. History of Paleontological Work at Grand Canyon 

National Park 

Up and Down the Long Federal and NGO Trails of Paleontology in 

Grand Canyon National Park, 1858ï2019 

By Earle E. Spamer1 

1Academy of Natural Sciences  

Research Associate  

Philadelphia, Pennsylvania 

Introduction 

The Grand Canyon! Anywhere in the world the name rouses recognition. Monumentally impossible 

to describe (or so have said thousands of writers who then effused their own descriptions), it has been 

a lure to geologists since 1858. From the start, the rocks were read for the clues of their relative ages. 

It has been the draw of government agencies and non-government organizations (NGO) alike. The 

national park is a century old now; the canyon six to 70-some million years (depending upon with 

whom you argue, and about which parts of the canyon you consider); and fossils in the canyon have 

awaited the hammer and scanning electron microscope for even more than a billion years. So, to 

avoid the traps of superlatives and the gulping periods of time, this is a fast trot through ñthe best ofò 

Grand Canyon paleontology, refreshed with bits of human history, with a few pauses on peculiar 

detailsða 100th birthday present to the national park. Here, beginning with the first Grand Canyon 

field trip in 1858, is an accounting of how the first explorers, and scientists and educators over the 

years, have fashioned our understanding and encouraged our participation in the story of ancient life 

presented in Grand Canyonôs strata and secluded deposits. With this long look backward, we also 

may gain an appreciation for how paleontologists, federal administrators, and NGO champions built 

up the scientific and educational programs that modern resource managers receive as a legacy. 

There is a lot of ñbusinessò behind this paper, in the form of stratigraphic and taxonomic summaries, 

which I provided in a lengthy overview of Grand Canyon paleontology (Spamer 1984). It still stands 

as a fairly reliable history of research, with an extensive list of references, and some handy species 

lists. For those so interested, there is also a corresponding general-audience overview from the 

perspective of the geologists in Grand Canyon (Spamer 1995; see also Ranney 2013, 2014). The 

present paper, in celebration of the national parkôs centennial anniversary and saluting National 

Fossil Day 2019, looks at the history from the perspective of the people and the agencies responsible 

for fossil studies in the canyon, and some of the educational projects that came about due to these 

studies. To this is added a brief rundown of research handed in since 1984. 

So much is available in Grand Canyon publications that deal with paleontology that to supplement 

this paper I have prepared a Bibliography of Paleontology in the Grand Canyon Region and in the 

Stratigraphic Continuity of Grand Canyon Formations. This PDF with more than a thousand 

citations also complements the commemorative events of 2019. Occasionally updated, it can be 
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downloaded from the web at https://ravensperch.org/bibliography-of-paleontology-of-the-grand-

canyon-region/. 

In this day and age it has become so easy to search online for reliable additional basic informationð

such as photos of the many people who are mentioned here, as well as maps and beautifully detailed 

representations of Grand Canyonôs stratigraphic column (which even this year has been revised)ð

that it seems needless to fill  out this paper with numerous asides and portraits. Instead, the 

illustrations here show a few places, things, and events of interest that are mentioned. 

And a note of thanks to Park Service managers: These are the very kinds of work that rely on the 

lands and resources you oversee, even if  much of it never comes to your attention. 

Uphill 

ñNot really on the way to anywhereò pretty much describes the Grand Canyon; even the earliest trail-

blazing expeditions in the neighborhood did not go there. In those days the canyon was known only 

vaguely and unimaginatively as ñBig Ca¶onò; big and impassable (so it was heard). Although the 

name ñGrand Canyonò was first used by physical scientist and statistician Lorin Blodget [1823ï

1901] (1857:90, 97), it was overlooked until John Wesley Powell [1834ï1902] popularized it a 

decade later. The first field trip that did go to Big Cañon was quite out of the ordinary. 

John Strong Newberry [1822ï1892] was the first geologist to arrive, on mule, back in 1858. He had 

come to the region aboard a 50-foot sternwheel steamboat, made of iron and wood, commissioned by 

the U.S. Army in Philadelphia. It was little more than a bucket and a boiler. The mission was to 

explore the Colorado River from the sea upstream in order to determine the riverôs navigable reach 

and thus the possibilities of communicating with the interior West from the sea. (There also was a bit 

of secret political intrigue, too, only more recently understood, that indicates that this was a 

reconnaissance in the face of a potential civil  war with Utahôs Mormons; but thatôs a whole separate 

story having nothing to do with science.) 

Three steamers already on the lower Colorado River were deemed too expensive to hire. Explorer 

(Figure 2-1), built in a hurry during the summer of 1857 and tested by a spin on the Delaware River 

between Pennsylvania and New Jersey, was seen as more economical even with shipping costs. It 

was sent in eight pieces first to New York, then by ship to the two-year-old railroad across the 

Isthmus of Panama, and, after two more voyages by steamer and schooner in the Pacific, unloaded 

and wrestled together at Robinsonôs Landing, an improvised shipyard on the mudflats of the 

Colorado River delta in Mexico. There, during December, it was decided that the three-ton boiler 

could make groundings on sandbars a dangerous affair for the low-sided, deckless boat, so two heavy 

timbers were bolted lengthwise beneath the hull. Unfortunately, that increased the vesselôs draft, a 

serious concern on such a shallow river. The slot in the transom, through which the engineôs drive 

rod passed to the paddlewheel, was too deep and would have allowed water into the boat underway 

on the Colorado, a river not as placid as the tidewater Delaware. The engine was raised and an iron 

patch was fitted over the lower part of the slot. 

https://ravensperch.org/bibliography-of-paleontology-of-the-grand-canyon-region/
https://ravensperch.org/bibliography-of-paleontology-of-the-grand-canyon-region/
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Figure 2-1. The steamboat Explorer on the lower Colorado River; the first field trip en route to Grand 

Canyon (Ives 1861: frontispiece). 

The expedition commander, veteran western explorer Lt. Joseph C. Ives [1829ï1868], engaged there 

at Robinsonôs Landing steamer captain David C. Robinson [1833ï1874] to pilot the craft on the 

river. With Robinson at the tiller perched atop Explorerôs small aft cabin (the boat did not even have 

a wheel), Andrew Carroll [ca. 1830ï?], the engineer who had accompanied the boat from 

Philadelphia, and a skeleton crew, Explorer beat its way 150 miles to Fort Yuma, constantly 

challenged by the deceptive, wiggly channels of the delta and shifting river bottoms. At Fort Yuma 

on the California side of the Colorado and Gila River confluence, the rest of the small crew, who had 

traveled through the desert from San Diego, came aboard. Ivesô (1861) formal report provides a 

detailed record of all of these happenings, as well as a fascinating travelogue of the remainder of the 

expedition. 

Explorerôs crew was an unlikely bunch: Captain Robinson and engineer Carroll; Lt. Ives and 

soldiers; Newberry as the missionôs physician, geologist, and general naturalist; Friedrich von 

Egloffstein [1824ï1885], a German baron who served as cartographer and illustrator and who was a 

veteran of western explorations elsewhere; and Balduin Möllhausen [1825ï1905], a burly German 

draftsman, illustrator, and naturalistôs field assistant, another western exploration veteran who had 

already visited the lower Colorado River. The expedition was cheerfully waved on its way by the 

fortôs soldiers and smirking townspeople. Explorer promptly ran aground within sight of the fort. 

One might be forgiven if  it brings to mind the campy 1960 Jack Lemmon film, The Wackiest Ship in 

the Army. 

Still they did make their way upstream to find the head of navigation. They reached a suitable point 

in Black Canyon, not far downstream from where Hoover Dam was built eight decades laterðby 

violently crashing into a rock, casting Ives, Newberry and Möllhausen from the cabin top, not to 

overlook ñthe fireman, who was pitching a log into the fire [and] went half-way in with itò (Ives 

1861, Pt. 1: 82). Three days later, after a brief survey farther upstream in a skiff and Explorer 

patched, they glided back down to meet up with a long army packtrain of mules. Ives divided his 

command, sent the boat back to Yuma and set out overland to the east en route to Fort Defiance with 
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soldiers, Native Americans, a hundred-odd mules, Mexican packers, the Germans, our faithful 

Newberry, and a dog, ñGrizzly.ò 

The direction of travel was different, amidst this age of explorers who blazed wagon roads and 

railroad routes westward. However, the region they entered was not wholly unknown to Ives and 

Möllhausen. They had already traveled the general route near the 35th parallel a few years earlier 

when they were attached to a westbound expedition led by Lt. Amiel Whipple [1817ï1863]. 

Laboring up from the Basin and Range to the Colorado Plateau, the now landward expedition 

approached the Grand Canyonðand thus, finally, the first geologist arrived. Somewhere in the 

vicinity, Newberry (or perhaps Möllhausen, Newberryôs field assistant) gathered fossils that 

established a ñCarboniferousò age (Permian today) for the rim rocks (Figure 2-2). The Hualapai 

people they had met might have been amused by men who hammered on rocks. A small party rode 

down to Diamond Creekôs confluence with the Colorado River, the first non-Indigenous people to 

reach the bottom of the canyon. 

While Möllhausen sketched, Newberry made geological observations and drew up an accurate 

stratigraphic column from the rim to the Colorado River. In his measured section (Newberry 1861: 

55; and see his figure 12, page 42), he noted ñEuomphalus, Spirifer, &c.ò, ñimperfect corals,ò ñcorals 

(Chaetetes?)ò (a genus now known as a sponge), and ñgreen shales with mud furrows, resembling 

casts of worm holes.ò Even though the fossils of the rim rocks were helpful in establishing the 

relative age of those strata, Newberry bemoaned in his written report (page 55), ñIn the absence of 

[index] fossils it is impossible to determine the precise geological age of any of the strata composing 

the é section below the limestone which forms the summit of the cliffs.ò When all was said and 

done, though, Newberry drew up a detailed collection list for the whole expedition, itemizing nearly 

a thousand specimens of rocks, including fossils galore. Newberry also made his one most astute 

observation for the ages, that even the dry side canyons were created by running water rather than by 

cataclysm. 

The Ives party pressed on to Cataract Creek, its lower end now known as Havasu Creek, where the 

mules could barely be turned around when the way became too sketchy for animals. The teams were 

sent back twenty miles to the last known water while some men went ahead on foot. The weighty 

Egloffstein managed to wreck a precarious Havasupai ladder, stranding himself. He wandered off to 

the Havasupai village of Supai, the first ñforeignerò to go there since Spanish padre Francisco Garcés 

[1738ï1781] arrived in July 1776. (Egloffstein was rescued when the soldiers lowered gun slings to 

hoist him up.) 

Thus was the first brief, but productive, field trip to the Grand Canyon. Regrouped, Ives continued 

eastward, sending most of the party off toward Fort Defiance (Möllhausen had traveled the route 

with Whipple) while he, Egloffstein, and a few men made a side trip to visit the Hopi. After the 

expedition disbanded, Ives returned to Yuma, where he sold Explorer six months after its maiden 

(and only government) voyage. It served anonymous local companies for a while, broke loose in a 

flood, and drifted away toward the sea. 
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Figure 2-2. Grand Canyon paleontology begins here, April 1858 (Newberry 1861: Paleontology Plate 2). 

All are from the undifferentiated Permian Kaibab LimestoneïToroweap Formation. Figures 1ï8. 

Productus ivesi, a new species; Figures 9 and 10. P. occidentalis, a new species; from ñMiddle 

Carboniferous limestone, banks of the Colorado, near mouth of Diamond riverò [Peach Springs Canyon 

between Peach Springs and the confluence of Diamond Creek]; Figures 11ï13. Streptorhynchus 

pyramidalis, a new species, from ñCarboniferous limestone over red cross-stratified sandstone at Camp 

70, on high mesa west of Little Coloradoò [western part of the Coconino Plateau not far east from 

Diamond Creek]. These localities today are a part of the Hualapai Indian Reservation. 
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Downhill 

A decade later, another government-sponsored expedition arrived in the canyonðthis time from the 

north, by river from Wyoming and Utah. In August 1869, Civil  War veteran Maj. John Wesley 

Powell, now a civilian and with eight crew members aboard three boats, passed into Grand Canyon 

having charted the Green and Colorado Rivers to the mouth of the Little Colorado River. They had 

support from the Smithsonian Institution and some military favors in the form of supplies. Although 

they had passed sequentially down through all of the Colorado Plateauôs strata, there hadnôt been 

much time for collecting. From this point onward was Powellôs ñGreat Unknown.ò They were 

effectively off the map now, with only Egloffsteinôs generalized physiographic map (in Ives 1861) as 

an informer, a map good for the lower Colorado River region but quite inaccurately portraying the 

Grand Canyon region. 

Powell, though geologically trained, reported little on fossils in his expositions on the strata; and 

anyway by this time he was more concerned with where the river was leading him, and getting his 

crew through on rapidly diminishing rations. He led a second trip in 1871ï1872, pausing for a winter 

layover in Kanab, Utah, but he cut that journey short in the middle of Grand Canyon when he 

suddenly decided at Kanab Creek that they had achieved their objectives. Thereafter, the emphasis 

was on mapping the region on the plateaus. Powellôs (1875, 1895) renditions of his river exploits 

remain classic tales of Grand Canyon and Colorado River running. The plateau surveys under his 

direction produced in 1882 what is probably the greatest (and most readable) scientific book on 

Grand Canyon physiography and geological history, Tertiary History of the Grand Cañon District, 

with its magnificent double-folio Atlas, by Clarence Edward Dutton [1841ï1912]. 

Laying a Foundation 

The first expeditions to and through the Grand Canyon were enough to establish that this was an 

interesting place, worthy of further study. By 1881, Powell had become the second director of the 

newly organized U.S. Geological Survey, and his ongoing surveys of the Colorado Plateau country at 

last brought a refined geologistôs eye to the whole Grand Canyon. Powell, in the field, directed the 

construction of a trail into the northeastern corner of the canyonðtoday this is the tortuous, 

unmaintained Nankoweap Trail. He assigned the up-and-coming geologist, Charles Doolittle Walcott 

[1850ï1927] (who would himself succeed Powell as USGS director), to spend the winter of 1882ï

1883 in the depths of the canyon, where with a collector, a cook, and a packer accompanying him, he 

studied for the first time the structural and stratigraphic relationships of the Proterozoic and lower 

Paleozoic rocks thereða remarkably instructive study to this day. Powell had recognized the basics 

of these relationships during his river expeditions, but now was the time to do some real field work. 

Walcott saw quite a lot that piqued his interest in ñPrecambrianò fossils. He saw the stromatolites in 

these strata, which he called ñan obscure Stromatopora-like group of formsò and ñconcretionary 

limestones.ò He also reported pteropods referred to Hyolithes, a trilobite fragment, a Lingula-like 

brachiopod, and a brachiopod related to Acrothele. This led Walcott to assume, with a Cambrian bias, 

that perhaps complex biological forms had evolved earlier than previously known. His research 

included ongoing observations, even if  it was published in a paper on a wholly different geographic 

(and geologic) area. For example, see Walcottôs (1884: 432) footnote in a paper on the Paleozoic of 
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Texas: ñSince the paper on the Pre-Carboniferous strata of the Grand Cañon was published [Walcott 

1883], a fragment of a trilobite, probably of the genus Ptychoparia, has been detected in a bit of shale 

from the Chuar group.ò Alas, all of these reports of body fossils have subsequently been reinterpreted 

as pseudofossils, the ñfoolôs goldò of paleontology. 

Yet in the process, Walcott also found a remarkable Neoproterozoic fossil, a megascopic alga he 

named in 1899 Chuaria circularis, which he believed to be a primitive brachiopod. Even though 

Chuaria has since been found around the world, so problematic this organism has been that it has 

been variously assigned to other phyla in the major kingdoms (it even once was considered to be a 

trilobite egg) and as a pseudofossil. Now Chuaria, definitely a fossil, is thought to be represented at 

different life stages also by Tawuia and Longfengshania. In a bizarre sort of way its form- and 

function-based taxonomies act like those of ichnofossils! Studies in China and India have been 

particularly robust; but the well-known, well-studied enigma persists. It all began in the Grand 

Canyon: Walcottôs original, small shale chips are in the U.S. National Museum (the Smithsonian 

Museum of Natural History). 

Walcott was hardly a Grand Canyon novice. A couple of years earlier, the young man had had his 

first hand at geologizing in the west when he worked along Kanab Creek, the large tributary to the 

Colorado coming down to Grand Canyon from Utah, getting his and our bearings on the canyonôs 

entire Paleozoic sequence (Walcott 1880, 1883). Fossils were not lacking. These collections and 

others contributed decades later to Walcottôs very detailed series of publications on brachiopods and 

trilobites, produced during his 20-year position as the Secretary (director) of the Smithsonian 

Institution (see the paleontology bibliography online). The usefulness of the canyonôs fossil record 

was proven. Now geologists had a proper first analysis of the principal formations of the canyon. 

On the Map 

Geologists need maps. By the late 1800s, rudimentary 1:250,000-scale maps were available for the 

Grand Canyon region, products of Powellôs surveys. In summer 1902, the USGSôs François Matthes 

[1874ï1948] and crew began a heart-stopping missionðusing plane tables and alidades to create 15-

minute quadrangles of the eastern portion of Grand Canyon with contour intervals of 80 ft (24 m); a 

project completed the following summer. They traveled into the canyon as well, and blazed a trail for 

their horses up through Bright Angel Creek to the North Rim. The resulting quads still are masterful 

examples of scientific art, but at the time they provided geologists with important tools for detailing 

more of the Grand Canyonôs lithology in the field. 

While in the early 20th century some geologists were beginning to scrutinize the physiographic 

history of the canyon, others were heading into the chasm on foot and hoof. 

Paleontology again took the back seat, serving only to assist in identifying relative ages, with no 

purposefully comprehensive collections being made. First on the ground now were Frederick Leslie 

Ransome [1868ï1935], who in 1908 published a study of the Neoproterozoic sedimentary rocks and 

in 1916 produced correlations of Paleozoic strata in Arizona; Levi Fatzinger Noble [1882ï1965], 

whose 1909 doctoral dissertation from Yale was based on his studies in the central Grand Canyon 

where Paleozoic and Neoproterozoic rocks are well exposed, with publications on this area in 1910, 
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1914, and 1922; Nelson Horatio Darton [1865ï1948], who published in 1910 a reconnaissance of 

northern Arizona and in 1925 produced a very comprehensive résumé of Arizona geology; and 

Charles Schuchert [1858ï1942], who published on the Grand Canyon Cambrian and ñCarboniferousò 

(which included Permian strata) in 1918. This laid the groundwork for studies that, finally, began to 

look seriously at the fossil fauna and flora. 

Making Tracks 

Paleontological studies in the Grand Canyon have in fact been vigorous. Valuable collections of 

acritarchs, invertebrates, vertebrates, plants, and cryptic remains have been taken from 

Neoproterozoic to Permian strata and PleistoceneïHolocene deposits. Some of these collections 

contributed to the development of new concepts in stratigraphy that since have become a part of 

basic geological principles. However, the findings of Grand Canyon paleontology began modestly, 

sometimes peculiarly. 

A variety of trace fossils had been known for years. The first were Newberryôs observations of green-

shale ñworm holesò that now are well recognized and beautifully exposed in much of the Cambrian 

Muav Limestone. (In 1892 Joseph Francis James [1857ï1897] suggested that these casts should be 

named Scolithus arizonicus, but without a description they fall into the taxonomic wastebasket of 

nomina nuda, unfounded names.) Walcott, too, widely recognized these abundant ñfucoids,ò which 

he attributed to annelid worm trails and trilobite burrows. It is the ichnofauna of the canyon that first 

brought Grand Canyon paleontology to the fore, both professionally and popularly. While we can 

dismiss an anonymous 1884 report from two miners who found footprints 5.5 m (18 ft) apart made 

by a human some 4.0 m (13 ft) tall, who thus was shown to have been ñfairly bounding along,ò it 

nonetheless demonstrates the things that can capture the publicôs interest. This report was interesting 

enough to have been picked up in France, too, so public attention was there. Itôs a shame that the 

miners never fulfilled their promise to return to remove the footprints to ñexhibit them to public 

gaze.ò 

Richard Swann Lull  [1867ï1957] had first written about ñNatureôs hieroglyphicsò in 1904, including 

passing mention of a trackway in the Grand Canyon. In 1918 he produced the first dedicated study of 

vertebrate tracks from the canyon, describing two new ichnospecies from the Pennsylvanianï

Permian Supai Group and four new ichnospecies and the now well-known ichnogenus Laoporus 

from the Permian Coconino Sandstone. What made the Coconino fossils all the more remarkable, 

Lull  noted, as had Schuchert who collected them, was that they all were preserved on the foresets of 

fossil sand dunes, always advancing upslope. This apparently peculiar trait would in later years 

become the subject of much study. 

By this time, although the Grand Canyon was widely known and was a popular tourist destination, 

for a variety of political reasons it still had not been designated a national park. (Since 1893 portions 

of the canyon had been a national forest preserve [1893], national game preserve [1906], and national 

monument [1908].) Finally, with Congress making Grand Canyon a national park in February 1919, 

even more public attention was drawn to it. In response, the National Park Service, itself only three 

years old, was faced with the increasing pressures of ñwhat to do with it.ò This entailed promoting 
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the scenic, historic, and educational values the landscape holds, in addition to managing and 

entertaining visitors from around the world. 

As might be expected, these programs came with the concerns of cost, promotion, and maintenance. 

Fortunately, the Santa Fe Railway had for more than two decades already been self-servingly 

advertising the Grand Canyon. Before government oversight of authorized concessionaires fully  took 

root, the railroad independently completed a line to the rim in 1901, and by 1905 had built El Tovar 

Hotel and the adjacent Hopi House that drew visitors to buy American Indian crafts by the basketful. 

(In 1899 the rail line had been built from Williams, Arizona, to a site named Anita, to service copper 

mines established there. This station was just 19 rail miles short of Grand Canyon [Richmond 1998, 

2017].) While the Santa Fe had thus also made it possible for scientists of various sorts (such as 

botanists and entomologists) to visit the canyon in pursuit of gatherings in their fields, they had no 

vested interest in ñscienceò per se. That fell to the Park Service, and it would have to entail what we 

today call ñoutside fundingò and ñoutreach.ò 

Digging In 

The industrialist and philanthropist Andrew Carnegie [1835ï1919] used his billions of dollars (in 

todayôs figures) for educational and scientific projects after he retired from his business ventures in 

1901. This included the founding of the Carnegie Institution of Washington, in 1902. Today, as the 

Carnegie Institution for Science, it is a leader in scientific discovery, in widely diverse fields. From 

1920 to 1938, paleontologist and educator John Campbell Merriam [1869ï1945] served as president 

of the institution (in 1919 he had also been president of the Geological Society of America), and 

Charles D. Walcott (also a GSA president, 1901) had served as an institution trustee 1902ï1928 even 

while he directed the Geological Survey (to 1907) and the Smithsonian Institution (1907ï1927). Not 

surprisingly, they encouraged programs of study in the earth sciences at the fledgling national park. 

On recommendation, the National Park Service asked the Smithsonianôs vertebrate paleontologist 

Charles Whitney Gilmore [1874ï1945] to visit Schuchertôs trackway site in the Coconino Sandstone 

along Hermit Trail. The purpose was to prepare a public educational exhibit. At the time, Hermit 

Trail had been improved by the Santa Fe so that tourists could reach Hermit Camp, the railwayôs 

tourist camp that deflected visitors from using the Bright Angel Trail that by dint of dozens of 

spurious ñmining claimsò was still largely (and illegally) ñownedò by Ralph Henry Cameron [1863ï

1953], U.S. Senator from Arizona [1921ï1927]. Gilmore went on to spend the next several field 

seasons in the canyon, studying and collecting from the Permian and Pennsylvanian strata along 

several trails. In the process, he described numerous new species and genera of vertebrate and 

invertebrate tracks (Gilmore 1926, 1927, 1928) and reported the first trackway found on the north 

side of the canyon (Gilmore and Sturdevant 1928). 

More than relegated to stodgy scientific reports, Gilmoreôs work was noted in popular literature; after 

all, footprints are something that all can relate to, even more so that they were very old and were in 

the Grand Canyon. The prodigiously productive Merriam, too, promoted this work in his own 

educational publications. 
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Knowing that the Coconino Sandstone tracks were seen to face upslope on the fossil dunes, Gilmore 

(1926: 4) suggested they represented ñan old trail leading to water, or possibly recording a great 

migration of animal life.ò These were additional concepts with which an engaged public could easily 

identify. As time went on, interest in this peculiar trait did not wane. During the 1930s and 40s, 

experiments on modern sand dunes and in the laboratory, sometimes using living animals, showed 

that the answer was more a simple process of mechanics: essentially (and a bit simplistically), 

upslope trackways required sure planting of feet, while downslope travel incurred more sliding and 

tracks were readily erased. 

Education Flowers 

Many kinds of botanical fossils are found in the Grand Canyon. Some of these early finds were based 

on physical forms, which proved really to be sedimentary features and thus not fossils at all; for 

example, a new seaweed-like species Rivularites permiensis was described by David White [1862ï

1935] in 1929, from the Permian Hermit Shale, although various species of this genus have been 

reassessed as microbial sedimentary features. The higher systematic plants, found in abundance 

particularly in the Hermit Shale, are obviously fossils; after all, if  it looks like a fern it probably is a 

fern (Figure 2-3). Whiteôs magnificent 1929 monograph (published by the Carnegie Institution) 

remains a primary guide to Grand Canyon fossil plants. (Suitably, Whiteôs grave in the Grand 

Canyon Cemetery is marked by a plaque in which are molded three of his new species; the figures 

are reproduced from his Hermit Shale monograph.) Some of Whiteôs paleobotanical taxa, such as 

Supaia, even have significance as biomarkers for the early Permian, having been found in other strata 

around the world. Regretfully, paleobotanical work on the vascular plants of the Grand Canyon has 

been sparse since Whiteôs work there. 

All of this field workðichnofossils and plants in particularðdid not come cheaply. It was the 

Carnegie Institution that had underwritten the costs. There were the purely scientific objectives, of 

course, but the findings could be turned into educational projects. By the late 1920s the newly 

founded Grand Canyon Natural History Association (today the Grand Canyon Conservancy) was 

producing a monthly newsletter, Nature Notes, which frequently presented brief write-ups of the 

latest paleontological finds from the canyon. Glen Sturdevant [1895ï1929], the only rangerï

naturalist at Grand Canyon, almost single-handedly wrote the articles and news notes. After his 

untimely death in the Colorado River, a geology student who had been working under Merriamôs 

programs in the canyon during recent summers, Edwin ñEddieò Dinwiddie McKee [1906ï1984], 

stayed on as the next rangerïnaturalist. As we shall see, McKee exploded into the earth sciences in 

the canyon and around the world. 
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Figure 2-3. David White (left) and John C. Merriam at a fossil fern quarry in Grand Canyon (note the slab 

leaning against Whiteôs right leg) (NPS). 

Through the 1930s, the Carnegie Institution supported research and funded publications about many 

of the Grand Canyonôs strata; sedimentological, stratigraphic, and paleontological studies alike. The 

institutionôs Year Book series dutifully recorded each yearôs support and results from its underwritten 

programs. In 1928, the Yavapai Observation Station was dedicated as a place where visitors could 

observe and learn about the geology of the canyon in a museum setting, staffed by Park Service 

rangers, with an observation area overlooking the canyon and displays of rocks and fossils. In 1937, 

David Whiteôs work was recognized by the development of a trailside exhibit in the Hermit Shale at 

Cedar Ridge on the South Kaibab Trail, a locale which still displays a surface with ferns (Figure 2-4). 

This small glassed-over exhibit, built by the Civilian Conservation Corps, was re-dedicated in 2008 

during a CCC symposium at Grand Canyon; and it is now undergoing further restoration by Grand 

Canyon interpretive and Volunteers-In-Parks staff. 
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Figure 2-4. Trailside exhibit of fossil ferns, constructed by the Civilian Conservation Corps in the Permian 

Hermit Shale at Cedar Ridge on South Kaibab Trail, as seen ca. 1940s? (NPS). 

E. D. McKee was instrumental in the development of Yavapai, staffing it himself from time to time 

during the late 1920s and 1930s (Figure 2-5); that is, when he wasnôt doing other naturalist duties in 

the park, or on one of his far-ranging geology field trips. Over the years, geological interpretation at 

Yavapai became rather static. The usual wear and tear on the hardware, and changing public 

perspectives on educational presentations, eventually called for a remodeling of Yavapai by 1980. It 

was a more sleekðsome said ñdumbed downòðexhibit now partly commandeered as a touristsô gift 

shop. McKee, long since having had left the canyon and by now a senior geologist in the USGS, was 

dismayed over this conversion. Fortunately, in the early 2000s, Yavapai was completely refitted 

again, this time bringing back detailed and informative modern exhibits on Grand Canyon geology, 

restoring the building to meet its original mission and brightening its original architecture. It was 

rededicated in 2007 as the Yavapai Geology Museum. 
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Figure 2-5. Ranger-Naturalist Edwin D. McKee at work in Yavapai Observation Station, ca. 1930 (NPS). 

McKee would have been even more ecstatic over the most recent addition to the parkôs educational 

offerings in geology and paleontology. In 1994, geologist Karl Karlstrom from the University of 

New Mexico, and others, proposed the construction of a ñTrail of Timeò along the already existing 

paved Rim Trail. After many concept studies and arrangements with the park, a 4.6-km (3-mi) trail 

was laid with markers and rock samples from every stratigraphic formation and member in the 

canyon. It can be entered at several points and be informative in either direction. The trail is 

accessible to wheelchairs and people with strollers and is convenient to shuttle bus stops and parking 

areas. Best of all, trail users are encouraged to ñplease touchò the rock specimens. 

The trail is inlaid with small bronze markers, 1 m (3 ft) apart, each ñgiant stepò representing one 

million years in the history of the earth from ñTodayò by the Yavapai museum westward to the origin 

of the earth at Maricopa Point, 4,560 Ma (with one more, lone marker miles farther to the west at 

Pima Point that denotes the comparable ñdistanceò to the origin of the universe, 13,750 Ma). The 

Trail of Time rock samples include fossils where appropriate (Figure 2-6). They are interpreted by 

striking informational signs at the appropriate ñagesò along the trail. Most of the rocks and slabs, far 

larger than geologistsô usual ñhand specimens,ò were collected along the Colorado River and taken 
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out of the canyon by raft. In a few cases where strata are not exposed along the river, the rocks were 

flown out strung together like a necklace beneath a heavy-lift  helicopter. 

 

Figure 2-6. Fossil footprints in a slab of Coconino Sandstone, displayed on the Trail of Time. This slab 

was retrieved from a flagstone quarry near Ash Fork, Arizona (NPS). 

As might be expected, the project was very complex, involving dozens of people and calling for 

substantial funding for concept preparation, planning and on-site testing, logistics of making rock 

collections, preparation of specimens, designing and manufacturing signage and ground markers, and 

installation, not to mention administrative assistance and permitting through the park. The recently 

published guide to the trail by Karl Karlstrom and Laura Crossey (2019) has an engaging, exhaustive 

text and is richly illustrated. Though written for the interested casual audience, the guide will  be seen 

by professionals as informative to them as well. With it, even those who cannot visit the canyon can 

experience and learn from the Trail of Time. 

The McKeeian Period 

In 1927, Edwin D. McKee had been in the U.S. Naval Academy, but he was influenced by his former 

Boy Scout leader at Boy Scout Troop 1 in Washington, D.C., to take advantage of a summer 

internship at the Grand Canyon with John C. Merriam. There he was the field assistant to David 
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White and C. W. Gilmore. (Incidentally, his former troop leader was none other than Grand 

Canyonôs plane-table cartographer, François Matthes.) He enrolled in the geology program at Cornell 

University and spent subsequent summers at Grand Canyon. The tragedy of Glen Sturdevantôs 

drowning in the Colorado moved McKee into a permanent position as the parkôs rangerïnaturalist. 

He never looked back. 

McKee privately published Ancient Landscapes of the Grand Canyon Region in 1931, which of 

course prominently featured the fossil life found in the area. This booklet went through 30 variously 

revised printings until 1985. His first geological attentions were given to the large-scale cross-

bedding of the Permian desert Coconino Sandstone, so prominently displayed in the canyon. The 

Carnegie Institution published his first major work in 1933, The Coconino SandstoneðIts History 

and Origin, that included the ichnofauna of invertebrates and vertebrates. 

The canyonôs other strata beckoned. McKee had become a master of minutiae, looking at sediments 

and fossils from one end of the canyon to the other. He became the first geologist to systematically 

trace key beds from one area to another, which was possible by measuring stratigraphic sections at 

different places in the canyon. His first monograph was yet another Carnegie publication, The 

Environment and History of the Toroweap and Kaibab Formations of Northern Arizona and 

Southern Utah (1938), on the Permian units that form the rim of the canyon. 

Field work had been going apace in the canyonôs other Paleozoic strata, too, which would produce 

important monographs in coming years. First up were the Cambrian formations of the Tonto Group, 

analyzed in another Carnegie publication in 1945 (delayed partly by the war) with paleontologist 

Charles Elmer Resser [1889ï1943]: Cambrian History of the Grand Canyon Region. It was this 

monograph that for the first time clearly demonstrated the on- and off-lap sequencing of advancing 

and retreating seas on a landscape, made possible by tracing key beds. This varying, periodically 

reversing action of the sea, and the changing sedimentology and fossil assemblages produced by this 

activity, has since become the stuff of elementary geological education; diagrams printed in the book 

have been widely reprinted in textbooks, too. 

McKee left the Grand Canyon in 1938 rather than be moved to be a ranger elsewhere in the park 

system. He first went to the Museum of Northern Arizona, then on to the University of Arizona 

where he eventually became geology department chair, and later on to the U.S. Geological Survey as 

a research geologist in sedimentology. During this time, in addition to publishing the occasional 

paper, he produced two more major monographs, effectively rounding out the Paleozoic sequence for 

Grand Canyon. First was the 1969 volume with Raymond Charles Gutschick [1913ï2002], History of 

the Redwall Limestone of Northern Arizona, followed in 1982 by McKeeôs The Supai Group of 

Grand Canyon. 

The Redwall and Supai yielded to McKeeôs quintessential methods of observation and reporting. The 

corresponding monographs, following on the two-author Cambrian monograph of 1945, are 

composed of separately authored chapters by authorities in their fields, with observations on 

lithologies, paleoenvironments, and fossil systematics. In paleontology, the Redwall monograph has 

separate chapters for crinoids (J. C. Brower), bryozoans (Helen Duncan), blastoids (Donald B. 
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Macurda, Jr.), corals (William J. Sando), and foraminifera (Betty Skipp), with McKee and Gutschick 

reserving chapters on the Redwall faunas in general, brachiopods, and ñmiscellaneous fossil groups: 

algae and stromatolites, holothurians, trilobites, ostracodes, and fish.ò 

McKeeôs Supai monograph of 1982 was even more comprehensive, though focusing more on 

lithologic analyses, including such esoteric subjects as ñinsoluble residue patternsò (Walter H. Peirce 

et al.) and ñstable isotope analysesò (McKee). Still, fossils were documented in the chapters on 

ñBiostratigraphy of the Watahomigi Formationò (Mackenzie Gordon, Jr.) and ñDistribution of Age 

and Floraò (McKee). There also was a chapter by George H. Billingsley and McKee on ñPre-Supai 

Buried Valleysò that announced fossil-dated Chesterian-age deposits of paleochannels in the top of 

the Redwall Limestone. These intermittently exposed valleys were described in 1985 as a new 

formation, the Surprise Canyon Formation, by Billingsley and Stanley S. Beus. (McKee had earlier 

named the Permian Toroweap Formation, members of the three formations in the Cambrian Tonto 

Group, members of the Mississippian Redwall Limestone, and divided the PermianïPennsylvanian 

Supai Formation into four formations, elevating the Supai to group rank.) The Surprise Canyon 

Formation was afforded its own monograph (Billingsley and Beus 1999) that followed the McKee 

design of separately authored chapters, which included ñMegafossil Paleontologyò (Beus) and 

ñConodont Biostratigraphyò (Harriet Martin and James E. Barrick). 

Placing all of this Grand Canyon work in broader perspective, McKee focused on studying modern 

sediments as analogs of paleo-sediments, work that took him first to the Colorado River delta in 

Mexico. There, his wife, Barbara, satisfactorily explained to quizzical Yaqui Indians in whose boat 

they were guided through the channels that he ñgets paidò to fill  bags with mud. His field travels took 

him around the world, including to Saudi Arabia where Bedouin tribesmen appeared ñout of 

nowhereò to watch the astonishing act of trickling a tanker truck of water into desert sand dunes (so 

that the dunes could be cut open to allow study of their internal structure). The tribesmen left after 

having had their waterbags filled. At the USGS in Denver, McKee had a laboratory where he 

conducted flume-sediment experiments, which he continued even in retirement. He used remote-

sensing technology and Skylab observations in his studies of world sand seas as well. Not long 

before he died, McKee had been on South Americaôs Rio Orinoco, surveying its sediments as an 

analog to the Supaiôs Watahomigi Formation. All  this, and much more, was a remarkable series of 

achievements for a man with only a bachelorôs degree. He and his wife are buried in the Grand 

Canyon Cemetery, near David White. The headstone, a water-sculpted piece of Cambrian Tapeats 

Sandstone, was collected by USGS geologist George Billingsley near Pumpkin Spring in western 

Grand Canyon. 

Super Fossils, Pseudo Fossils 

The Proterozoic sequence of sedimentary rocks beneath the Great Unconformity that separates them 

from the Paleozoic strataðthe Unkar and Chuar Groups, comprising the Grand Canyon 

Supergroupðwere studied by geologists as far back as Walcott in the early 1880s, with renewed 

interest in the early 20th century. A flurry of additional interest came about in the late 1930s as a 

result of the Carnegie Institutionôs battery of field studies in the canyon. But first, some museum 

drawer-cleaning. 
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For years, the presumed ñPrecambrianò fossils that Walcott had gathered in the 1880s had been 

accepted without question by later workers. In the 1930s and 40s their biogenic origins were 

questioned, and all but Chuaria were relegated to the bin of pseudofossils. Even so, the Carnegie-

sponsored explorations yielded more. In 1934, Clarence Edgar Van Gundy [1908ï1985] examined 

some of the Supergroup strata exposed in easternmost Grand Canyon. In 1934 he described a new 

formation that he called the Nankoweap Group, stratigraphically atop the Unkar Group. (For years 

the Nankoweap Formation was a loner, lying unconformably between the Unkar and Chuar Groups, 

but more recently it has been reassigned as the basal unit of the Chuar.) He also reported finding a 

jellyfish (Van Gundy 1937), which may have misled another geologist on Carnegie-sponsored 

canyon work, Norman Ethan Allen Hinds [1893ï1961], to declare the entire Supergroup to be lower 

Paleozoic in age. Hinds had been working throughout the 1930s on ñAlgonkianò and other 

ñPrecambrianò relationships in the American West. (It should be pointed out that Carnegie was not 

the sole, though continuously generous, benefactor over the years. For example, in 1933 the Marsh 

Fund of the National Academy of Sciences provided funds to Edwin McKee for work on the 

Paleozoic strata; Gregory et al. 1933.) 

The jellyfish was sensational news for its implications on the timing of the appearance of 

multicellular life. In 1941, Ray Smith Bassler [1878ï1961] named Van Gundyôs jellyfish Brooksella 

canyonensis. Although the title of his paper read ña supposed jellyfishò he assigned it, ironically, to a 

genus that had been named by C. D. Walcott (he did, though, acknowledge that the Grand Canyon 

specimen could be inorganic). In 1960, Preston Ercelle Cloud, Jr. [1912ï1991], having examined the 

ñproblematicumò B. canyonensis, took Bassler to task for publishing a retouched photograph and said 

that the specimen is on an under, rather than upper, surface of a slab; thus it ñseems to be the reverse 

imprint of a subradial fracture system of unknown origin in an underlying shale, bits of which are 

preserved in the fracturesò (Cloud 1960:44). 

Van Gundyôs jellyfish holds to a life of its own. Over the years it was reinterpretedðif  it was 

organic, that isðas a starlike burrow of a filter-feeding benthic worm (a trace fossil), and in 1969 

was accordingly redescribed by Martin Fritz Glaessner [1906ï1989] as Asterosoma? canyonensis, 

which did nothing more than remove the fossil from among the medusoid taxa. It also was thought to 

be something possibly akin to the novel late Proterozoic Ediacaran fauna of Australia. By the 1980s, 

it was suggested to be a complex metazoan trace fossil, after which interest in this fossil waned, 

although more recently a study of phylogenetic affinities and taphonomy of the genus Brooksella 

(though from the Cambrian of Georgia and Alabama) by Ciampaglio et al. (2006) ñtentativelyò 

sustained the Grand Canyon jellyfish as Glaessnerôs trace, Asterosoma? canyonensis. It still has not 

died the death of pseudofossils. 

Proterozoic jellyfish in the Grand Canyon have had other, even older, representatives. In 1959 

Raymond Manfred Alf  [1905ï1999] reported ñpossible fossilsò from the Bass Limestone (basal unit 

of the Unkar Group and the oldest of Grand Canyonôs sedimentary formations), which he described 

as jellyfish impressions. These soon were swept into the pseudofossil bin by Cloud (1960: 43, 

footnote) who interpreted them as ñgas blisters or their impressions.ò 
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Pseudojellyfish and other wonders notwithstanding, in the Chuar Group there is a dazzling array of 

fossils, which even Walcottôs notoriously keen eye could never have seen because scanning electron 

microscopy is needed to study them. In 1977, Bonnie Bloeser, while working on her Masterôs thesis 

at UCLA, published with three co-authors a paper on microfossils that she had found in the Chuar 

Group on Nankoweap Butte. These millimeter-sized, vase-shaped, organic-walled objects of unclear 

origin occur worldwide, but what she had found was a new genus, which she named Melanocyrillium 

in 1985. The known ñvase-shaped microfossilsò at Grand Canyon now include at least 16 species and 

appear to be the fossils of amoebas (Porter et al. 2003; Morais et al. 2019). Many other kinds of 

microfossils were observed as well, including spheroids and carbonaceous filaments; and the Grand 

Canyon Supergroup yields traces of various algal-like remains in many strata. Were it not so difficult  

to gain physical access to these strata, probably many more studies would be possible. Nonetheless, 

as we shall see, that does not mean that nothing has been done. 

Fire 

The youngest of Grand Canyonôs paleomenageries and paleoherbariaðPleistocene faunas and 

floraðwere completely unknown until well into the 20th century. In summer 1936, National Park 

Service employee Willis  Evans was in far western Grand Canyon, where Hoover Damôs Lake Mead 

was rapidly drowning out the last of the Colorado Riverôs rapids. There, he discovered Rampart 

Cave, finding inside what was called a sloth stable (Anonymous 1936). Soon the discovery was 

widely reported even in popular public literature, including Life magazine (Anonymous 1937). 

Willis  had found a lair used by now-extinct giant ground sloths; specifically, the Shasta ground sloth, 

Nothrotheriops shastensis (Sinclair). They had left their bones in there, but by far the greatest trove 

was the abundance of fossil dung (Figure 2-7), in layers up to 2 m (6 ft) deep. The discovery was 

fortuitous, because at that time there was plenty of young, able, and nearly free labor nearby: the 

Civilian Conservation Corps. Young men were pressed into service making excavations in the cave, 

gathering bones (even pieces of fur), and retrieving barrels full  of dung that preserved the plant 

material that once grew in the western Grand Canyonðthe stuff of paleoecologistsô dreams. 

Losing no time on the opportunity, the National Park Service thought that Rampart Cave would make 

an ideal public exhibit. Later they reported (Anonymous 1936), ñPlans for showing the cave to the 

public have not been completed, but it is hoped that an exhibit in situ can be made. Tentative plans 

include running a trench through the cave and lining the walls of the trench with glass so that bones 

or any possible human artifacts may be seen.ò While humans seem never to have inhabited the cave, 

the amount of useful material there was enough to ride the same Carnegie education wagon that was 

making the rounds in the eastern part of the canyon, and Carnegie underwrote some of the research. 

The exhibit never came to be, even though the possibility of tourism was there. After Hoover Dam 

was built, tourist concessions evolved in Lake Mead National Recreation Area, which included long 

boat rides that stopped at Rampart Cave and ran 19 km (12 mi) up into the western part of Grand 

Canyon. However, the gradual silting in of the lower end of the canyon, as the ñred riverò slowed and 

dropped its sediment load in the head of the lake, ended the tours. 
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Figure 2-7. Castrocopros martini Hunt and Lucas, the dung of Nothrotheriops shastensis (Sinclair), in 

Rampart Cave, September 1938 (NPS). 

Even though no public exhibition ever came to Rampart Cave, studies of its contents proved quite 

valuable to paleontologists and paleoenvironmentalists. Archaeologist Mark Raymond Harrington 

[1882ï1971] paid a visit soon after the discovery, commenting in part (1936: 226ï227), ñI have often 

thought the critter must have been pretty smelly for his aroma to last ten thousand years!ò Soon 

afterward, in 1938 Jerome Douglass Laudermilk [1893ï1956] and Philip Alexander Munz [1892ï

1974] published the first scientific studies of the flora from Rampart Cave and the nearby Muav 

Cave, and in 1942 Robert Warren Wilson [1909ï2006] published the first comprehensive (though 

ñpreliminaryò) faunal study itemizing 11 vertebrate species, including the ground sloth and the 

mountain goat Oreamnos harringtoni Stock (Figure 2-8). Both publications were Carnegie 

productions. In 1946 Gordon Cortis Baldwin [1908ï1983] briefly updated the findings based on a 

1942 survey he had done under Arthur Remington Kellogg [1892ï1969]. In 1960, Loye Holmes 

Miller  [1874ï1970] reported a variety of fossil birds from Rampart Cave, including the California 

Condor, although the highly fragmented condition of the material was likely due to ñtrampling by the 

ponderous ground sloths.ò In 1961, Paul Schultz Martin [1928ï2010] and colleagues produced the 

first paleoecological survey of the cave, extending studies to include pollen analyses of the dung. 
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Figure 2-8. Skull of the extinct mountain goat, Oreamnos harringtoni Stock, from a Grand Canyon cave 

(NPS). 

Unfortunately, the cave was not far above a very convenient lake surface, and from time to time it 

attracted visitors even after it had been gated. In 1977, apparently by accident, the rich, dry dung in 

the cave was set on fire, probably from a home-made torch used for illumination. It was almost 

impossible to put out despite valiant efforts at suffocation and dumping tons of water, destroying the 

better part of the caveôs contents; it smoldered for a year (Anonymous 1977, 1978; U.S. National 

Park Service 1977). The Park Service has since put stronger safeguards in place to keep unauthorized 

visitors out of the cave. (Due to years of drought in the American West, the level of Lake Mead has 

fallen dramatically. Today, the Colorado River has reestablished itself in the lake-bottom sediments 

covering its original channel, where steep banks and heavy vegetation make even stopping here 

difficult. The lake itself is presently reached some 32 km or 20 mi farther downstream.) 

About that Ice Age 

Despite the destruction of the valuable Rampart Cave remains, Grand Canyon is nonetheless full  of 

caves. Many were the lairs of animals, perhaps most notably the persistent packrat, Neotoma. To 

these, one may add many more secluded, sheltered rock areas in which packrat middens have been 

found in abundance. Paleoenvironmental data are locked up in these middens, from which 

investigators have teased out a story of changing climates in the Grand Canyon since the time of the 

last glaciation in North America. The dateable and identifiable twigs, leaves, and pollen packed away 
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and indurated by urine, show the coming and going of desert and woodland environments at various 

elevations as the advancing and receding glaciers influenced the worldôs atmosphere. When cooler, 

wetter conditions arrive, so do more plants and animals. Things are on the warmer, dry side now. 

The first systematic approach to analyzing late Pleistocene environments as revealed in Grand 

Canyonôs packrat middens was a 1974 study published by Arthur M. Phillips, III  and Thomas R. Van 

Devender, a preamble to Phillipsô 1977 doctoral dissertation on the Grand Canyon Pleistocene. This 

was expanded upon by Van Devender and Jim I. Mead (1976); and Van Devender (1977) identified 

four stages of plant community dominance in the western part of the canyon between 24,000 and 

8,500 years ago. Meadôs 1981 ñThe Last 30,000 Years of Faunal History Within the Grand Canyonò 

was a foundational part of work on his 1983 doctoral dissertation on the extinct Harringtonôs 

mountain goat (Oreamnos harringtoni) in Grand Canyon. The data from nine caves and 50 packrat 

middens displayed a gradual early Holocene change from woodland to desert faunal and floral 

communities, a change completed 8,500 years ago. Kenneth Lee Cole and Samantha T. Arundel 

(2006) pinpointed the Younger Dryas in Grand Canyon, an anomalous cold period in the midst of the 

warm-up following the last major glaciation. Most early data were from western Grand Canyon sites, 

but Kenneth Lee Coleôs 1981 doctoral dissertation took care of the eastern part of the canyon. Cole 

and Mead (1981) described the animal fractions of 53 packrat middens in eastern Grand Canyon. 

Many regional studies corroborate and suggest refinements to the findings made in Grand Canyon; 

too many to practically discuss here. 

ñToysò Lead to Fossils 

Stantonôs Cave in the Marble Canyon section of Grand Canyon National Park is well-known to river 

runners. Historically, it is an important site that relates to Robert Brewster Stantonôs [1846ï1922] 

flash-in-the-pan 1889ï1890 project to survey a railroad route through the canyons from Colorado to 

California. Scientifically, it is even more important, because it contains not only abundant fossils, but 

evidence of human use as well. Split-twig figurines, fashioned from a single twig (like willow)  split 

down the middle, with its two fronds twisted and wrapped to create an animal effigy, some with stick 

spears in the body, were first discovered in 1933 by early river runners who thought they were 

aboriginal Indiansô toys. They are much more than that; considering that many of them had been 

secreted beneath rock cairns and contain fossil dung pellets, we might see them as a sort of hunting 

charm. They have been dated here in the canyon to between 2,000 and 4,000 years. 

Robert Clark Euler [1924ï2002], archaeologist and ethnologist at Grand Canyon National Park, 

edited in 1978 what still stands as the comprehensive summary of studies at Stantonôs Cave. The 

volume contains separately authored chapters; those of which pertain to paleontological studies are 

on ungulate remains (C. R. Harrington), zooarchaeological analysis of small vertebrates (John W. 

Olsen and Stanley J. Olsen), fish remains (Robert Rush Miller  and Gerald R. Smith), macroscopic 

plant materials (Richard H. Hevly), and bird bones (Amadeo M. Rea and Lyndon L. Hargrave), with 

a paleoecological chapter about the cave by Eleanora I. Robbins, Paul Martin, and Austin Long, and 

a chapter on the cave ñduring and after the last Ice Ageò by Paul Martin. 
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Unlike the disaster at Rampart Cave, Stantonôs Cave has been well preserved and protected. A ñbat 

gateò at the entrance prohibits unauthorized human access, while allowing the bat colony that lives in 

the cave easy exit and entrance. 

Fossils Go To School 

One might notice in this overview that federal involvement was a mainstay of geological research in 

the late 1800s and early 1900s. At first, geologists were a part of nationally directed surveys in the 

field. Some independent researchers took the field in the 1910s when the canyon was still very much 

an unread book. Once the National Park Service had been organized in 1916, and Grand Canyon was 

finally made a national park in 1919, the Park Service took the reins for a while by encouraging the 

involvement of the (Washington-based) Carnegie Institution to get researchers into the canyon and to 

develop outreach programs through museum and trailside exhibits. Almost by brute force, the Grand 

Canyonôs geology and paleontology was being nailed down. 

Wartime came, with a reduction in field work, and in the post-war period researchers were striking 

out on their own. The deep pockets of the Carnegie were not as open to them as had been during the 

end of the Roaring Twenties and into the Depression, as perspectives on the nature of field work and 

where it was conducted shifted. More researchers were affiliated with academic institutions that 

sometimes offered their own funding sources for these kinds of activities, and for publication. Others, 

though they were working for federal agencies like the USGS, were in the same boat. Occasional 

research was still going on in the canyon, but the Park Service was out of the picture except in the 

administrative context of managing resources and issuing permits (once that became a more 

rigorously applied procedure). 

Only a few federal geologists were studying the Grand Canyon, and it fell mostly to the universities 

and museums to undertake that work. Once the Baby Boom generation reached college age, there 

was no lack for people, though; and in some measure with the concomitant ñage of 

environmentalism,ò interest in the fantastic Grand Canyon blossomed anew. Still, this was a time 

when computers didnôt do the things they do today, and ñposter sessionsò at academic conferences 

looked like taped-together science projects on easels. Now, in just the past couple of decades, 

laboratory methodologies, publishing and printing techniques, and the topics of applied studies have 

so dramatically matured that our forebears in science surely would be as appreciatively dumbfounded 

as are some of us older geologists. 

I take the opportunity here to update my 1984 systematic overview with a few notes that document 

the kinds of research conducted in the canyon since then. These are a mix of systematic, taxonomic, 

and paleoecological publications, selected only as a representative set rather than a complete list. 

(See the online bibliography for a more complete list.) From an administrative viewpoint, itôs 

important to realize that these investigations demonstrate the value and use of resources overseen by 

federal agencies, and the need of these agencies to gather in data about elements of those resources 

that have over the past century gone into collections beyond their purview. The ñbullet pointò-type 

notes that follow are grouped taxonomically and chronologically, and they further demonstrate the 

shift to academic sources as well as the implementation of new technologies. 
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Proterozoic: Microbial mat structures in the Chuar Group have been examined by Bottjer and 

Hagadorn (2007) and Bohacs et al. (2007). A Masterôs thesis on Microfossils from the 

Neoproterozoic Chuar Group, Grand Canyon, Arizona: Taxonomy, paleoecological analysis and 

implications for life during the onset of Neoproterozoic glaciation (Nagy 2008). A study of 

systematics of organic-walled microfossils of the Chuar Group, including new taxa (Porter and 

Riedman 2016). Algae in Cryogenean oceans are discussed by Brocks et al. (2017). Perspectives on 

Ediacaran metazoan ecosystems include comparisons to the Chuar Group (Bowyer et al. 2017). 

Paleozoic: An important field conference on Cambrian stratigraphy and paleontology in northern 

Arizona and southern Nevada (Hollingsworth et al. 2011). Brachiopods of the Redwall Limestone 

(Carter et al. 2014). Chondrichthyan assemblages of the Surprise Canyon and Watahomigi 

Formations (Hodnett and Elliott 2018). 

Ichnofossils: A new trace fossil, Angulichnus alternipes, described from the Bright Angel Shale of 

Grand Canyon (Elliott and Martin 1987). Coconino Sandstone invertebrate trackways (Braddy 1995). 

Permian tetrapod tracks from Grand Canyon (Hunt and Santucci 1998). Bicavichnites martini, new 

ichnogenus and ichnospecies, described from the Bright Angel Shale (Lane et al. 2003). Discovery of 

the ñoldest vertebrate trackway in Grand Canyonò (Chelichnus?) (Rowland 2019, a paper presented 

in a symposium convened in honor of Grand Canyon National Parkôs 2019 centennial, Earth Day 

2019, and the 150th anniversary of John Wesley Powellôs 1869 pioneering Colorado River 

expedition). Ichniotherium in the Coconino Sandstone of Grand Canyon (Francischini et al. 2019). 

Cave fossils: Age and diet of fossil California condors in Grand Canyon (Emslie 1987). Mammalian 

biogeography (Harris 1990; study sites include several Grand Canyon caves). Parasites in sloth dung 

from Rampart Cave (Schmidt et al. 1992). A Masterôs thesis on Late Pleistocene Aves, Chiroptera, 

Perissodactyla, and Artiodactyla from Rampart Cave, Grand Canyon, Arizona (Carpenter 2003). An 

overview of late Pleistocene Grand Canyon cave faunas (Mead et al. 2003). A late Pleistocene bat 

mummy (apparently from an eastern Grand Canyon cave) (Mikesic and Chambers 2004). An 

overview of 50,000 years of vegetation and climate history on the Colorado Plateau in Utah and 

Arizona (Coats et al. 2008). Molecular identification of the extinct mountain goat, Oreamnos 

harringtoni (Campos et al. 2010). A stable-isotope analysis of subfossil bat guano serving as a long-

term environmental archive, based on material from Bat Cave in western Grand Canyon (Wurster et 

al. 2010). Paleoenvironment of the extinct shrub-ox Euceratherium collinum on the Colorado Plateau 

(Kropf et al. 2007, which includes references to ñeastern Grand Canyon cavesò that are identified 

only by archaeological site numbers). Larsen et al. (2018) made a DNA study of ñ27,000-year-old 

papillomavirus infection and long-term codivergence with rodentsò based on packrat midden 

collections made on Poston Butte, Grand Canyon, in 1979. Hunt and Lucas (2018) described a new 

ichnogenus and ichnospecies of Shasta ground sloth dung, Castrocopros martini, based on latrinite 

specimens from Rampart Cave. Delsuc et al. (2019) included Rampart Cave data in DNA sequencing 

of fossil sloths, revealing an evolutionary history and biogeography of these animals. 

If  we briefly step across the boundary from Park Service to Bureau of Land Management 

jurisdiction, we can include a couple of interesting lines of research on the diet and health of 

aboriginal people living in Antelope Cave on the Uinkaret Plateau to the north of Grand Canyon. A 
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tick found in a human coprolite was identified by Johnson et al. (2008) as an adult or nymph of 

Dermacentor andersoni (Stiles), probably having passed through a digestive tract; and there is a case 

study by Reinhard et al. (2012) on determining the pathoecological relationship between ancient diet 

and modern diabetes based on analyses of human coprolites from the cave. Many studies have also 

been made of human-made artifacts and of faunal remains here; see particularly the comprehensive 

overview by Janetski et al. (2013). 

Administrative needs: In recent years, there have been various important management projects from 

the National Park Service, embracing Grand Canyon, including: Vertebrate trackways in National 

Park Service units (Santucci et al. 1998, 2006). Paleontological resources associated with Park 

Service caves (Santucci et al. 2001). Paleontology as a tool for conservation (Chure 2002). An 

inventory of packrat middens in Park Service lands (Tweet et al. 2012). A Masterôs thesis on Late 

Pleistocene and Holocene Bison of Grand Canyon and Colorado Plateau: Implications from the use 

of paleobiology for natural resource management policy (Martin 2014), followed by the publication 

by Martin et al. (2017). Application of new technologies in resource inventory and monitoring 

(Santucci and Wood 2015). Concomitant archaeological and paleontological work in Grand Canyon 

caves (Conservation Legacy 2016). An inventory of trilobites from Park Service lands (Norr et al. 

2016). A register of name-bearing fossil specimens and taxa from National Park Service areas (Tweet 

et al. 2016). A history of preserving fossils in the national parks (Santucci 2017), which includes 

Grand Canyon National Park and Grand CanyonïParashant National Monument. 

As these highlights of the last three decades show, paleontology, the science of the long-dead, is very 

much alive at Grand Canyon. It is important to realize that it was quite convenient that most of the 

early fossil collections from the canyon went to the Smithsonian Institution, but as the 20th century 

progressed more collections began to arrive in universities and independent museums. It has become 

all the more urgent for federal resource managers to keep up with the ever increasing, widely 

dispersed, collections that are made on federal lands. The means are at handðthrough the diligent 

work of individuals, of course, but also through the use of such documentary records as digital 

databases. 

A Final Paleo Note (of a sort) 

The last we had heard of Joseph C. Ivesô steamboat, Explorer, it was unmanned, adrift in a flood, 

heading for the Gulf of California. A survey party on the Colorado River delta during the winter of 

1929ï30 discovered a partially buried iron boat hull, which was investigated more closely during the 

following July (Sykes 1937:90ï92). The wreck was found in Sonora, Mexico, about 48 straight-line 

km (30 mi) from Yuma and far from an active river channel, clearly aground for a long time. 

Although it was nothing but a skeleton of ribs and some iron hull panels (Sykes 1937: Figure 10), its 

dimensions were close to those described by Ives (1861). All  the wooden parts of the boat were long 

gone, as was its boiler, though when that had been salvaged is unknown. What made its identification 

possible was that there were bolts where the two massive lengthwise timbers had been affixed when 

Explorer was reassembled in December 1857, which were meant to stiffen the unnervingly flexible 

hull. More importantly, an iron patch on a surviving portion of the transom (Sykes 1937: Figure 11), 
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made when the engine was raised and the drive-arm opening reconfigured, effectively confirmed the 

identity of Explorer. 

Just when Explorer was lost is uncertain, though likely before 1865 according to Sykes. Apparently, 

the boat went out of control during a flood coming from the mouth of the Gila River at Yuma and 

was secured to the Colorado bank farther downstream. Later it broke free and disappeared. The 

constantly shifting channels of the Colorado delta, especially during floods, eventually stranded it in 

a since-abandoned slough, where it was rediscovered four decades later. Thereôs been no report since 

1930ðan unceremonious end to the vessel that set in motion the first geology field trip to the Grand 

Canyon. Perhaps, someday, it will  be a fragmentary ichnofossil of the Anthropocene. 
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Introduction 

The story that Grand Canyon tells is a spectacle of approximately two billion years of earth history 

(approximately one-half of the age of the earth) in its rock record, with an equally extensive 

paleontological component. There is no other place on Earth where the pages of Earthôs story can be 

read so easily by the observer to reveal such a long, rich, geologic history of events that are recorded 

in the layers. Dr. John Strong Newberry said it best in the mid-19th century: ñthe most splendid 

exposure of stratified rocks that there is in the worldò (Beus 2003). 

Grand Canyon rocks can be simplified into three main packages: Vishnu Basement rocks, Grand 

Canyon Supergroup rocks, and layered Paleozoic rocks. These are each separated by major 

unconformities and indicate formation under differing geologic conditions and during different time 

intervals (Mathis 2006). Colorado Plateau uplift and recent downcutting in the canyon and volcanic 

activity are also responsible for younger geologic materials as well. 

Grand Canyon National Park (GRCA) hosts extensive exposures of many Precambrian and 

Phanerozoic units ranging in age from Proterozoic to Triassic (Figure 3-1, Table 3-1 and 3-2). These 

units consist of igneous and metamorphic rocks and numerous sedimentary lithologies (siltstones, 

sandstones, conglomerates, limestones, and dolostones), many of which are extremely fossiliferous. 

Paleozoic sedimentary rocks are responsible for approximately 900 m (3,000 ft) of the stairstep 

topography and viewshed in the Grand Canyon. Mesozoic sedimentary rocks likely once covered the 

Paleozoic section, but these rocks are now only seen in rare isolated outcrops in GRCA (Billingsley 

et al. 2019). 

This summary presents a focused overview of the stratigraphy of GRCA and does not delve into the 

broader and complex geologic topics and themes associated with the origin and geologic history of 

the Grand Canyon itself. It is a brief overview focused on the stratigraphic framework for Grand 
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Canyon to provide a context for the rich and diverse paleontological resources presented in this 

report and establishes consistency for the other chapters. 

 

Figure 3-1. Grand Canyon stratigraphy and structural relations (Billingsley et al. 2019: Figure 2). 

Recently, the Sixtymile Formation was proposed to be Cambrian (not Proterozoic) (Karlstrom et al. 2018, 

2020) and the Nankoweap was moved into the Chuar Group (Dehler et al. 2017). Mesozoic rocks 

younger than the Chinle Formation are not found within the boundaries of GRCA, but are present in the 

immediate vicinity. 
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Table 3-1. Grand Canyon area stratigraphy (after Billingsley et al. 2019: Table 2, with updates). Lower 

case denotes informal names. Mesozoic rocks younger than the Chinle Formation are not found within 

the boundaries of GRCA, so are omitted, but are present in the immediate vicinity. 

Era Period/Subperiod Formation Member 

Mesozoic (Mz) 

Triassic (Tr) Chinle Formation Shinarump Member 

Triassic (Tr) Moenkopi Formation Holbrook Member 

Triassic (Tr) Moenkopi Formation Moqui Member 

Triassic (Tr) Moenkopi Formation Wupatki Member 

Paleozoic (Pz) 

Permian (P) Kaibab Formation Harrisburg Member 

Permian (P) Kaibab Formation Fossil Mountain Member 

Permian (P) Toroweap Formation Woods Ranch Member 

Permian (P) Toroweap Formation Brady Canyon Member 

Permian (P) Toroweap Formation Seligman Member 

Permian (P) Coconino Sandstone ï 

Permian (P) Hermit Formation ï 

Permian (P) Esplanade Sandstone ï 

Permian (P) Pakoon Limestone ï 

Pennsylvanian (IP) Wescogame Formation ï 

Pennsylvanian (IP) Manakacha Formation ï 

Pennsylvanian (IP) Watahomigi Formation ï 

Mississippian (M) Surprise Canyon Formation ï 

Mississippian (M) Redwall Limestone Horseshoe Mesa Member 

Mississippian (M) Redwall Limestone Mooney Falls Member 

Mississippian (M) Redwall Limestone Thunder Springs Member 

Mississippian (M) Redwall Limestone Whitmore Wash Member 

Devonian (D) Temple Butte Formation ï 

Cambrian ( ) Frenchman Mountain Dolostone ï 

Cambrian ( ) Muav Limestone Havasu Member 

Cambrian ( ) Muav Limestone Gateway Canyon Member 

Cambrian ( ) Muav Limestone Kanab Canyon Member 

Cambrian ( ) Muav Limestone Peach Springs Canyon Member 

Cambrian ( ) Muav Limestone Rampart Cave Member 

Cambrian ( ) Bright Angel Shale Flour Sack Member 

Cambrian ( ) Bright Angel Shale red-brown member 

Cambrian ( ) Tapeats Sandstone ï 

Cambrian ( ) Sixtymile Formation ï 

Neoproterozoic (Z) 

ï Kwagunt Formation Walcott Member 

ï Kwagunt Formation Awatubi Member 

ï Kwagunt Formation Carbon Butte Member 

ï Galeros Formation Carbon Canyon Member 

ï Galeros Formation Jupiter Member 

ï Galeros Formation Tanner Member 

ï Nankoweap Formation ï 

ï Cardenas Basalt ï 
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Table 3-1 (continued). Grand Canyon area stratigraphy (after Billingsley et al. 2019: Table 2, with 

updates). Lower case denotes informal names. Mesozoic rocks younger than the Chinle Formation are 

not found within the boundaries of GRCA, so are omitted, but are present in the immediate vicinity. 

Era Period/Subperiod Formation Member 

Mesoproterozoic (Y) 

ï Dox Formation Ochoa Point Member 

ï Dox Formation Comanche Point Member 

ï Dox Formation Solomon Temple Member 

ï Dox Formation Escalante Creek Member 

ï Shinumo Sandstone ï 

ï Hakatai Shale ï 

ï Bass Formation Hotauta Conglomerate Member 

Paleoproterozoic (X) 
ï Zoroaster Granite ï 

ï Vishnu Schist ï 

 

Table 3-2. Overview of GRCA stratigraphy and paleontology. See the various chapters for more 

paleontological information. 

Formation Age Paleontological Resources 

Upper Cenozoic 
sediments 

Pleistoceneï
Holocene 

Almost entirely late PleistoceneïHolocene fossils, predominantly 
from dry cave and crevice deposits; horsetails, ferns, gnetales, 
conifers, and angiosperms (macrobotanical), driftwood, pollen, 
nematodes and their eggs (in dung), bivalves, aquatic and 
terrestrial gastropods, ostracodes, arthropods (ticks, scorpions, 
millipedes, beetles, flies, hemipterans, cicadas, hymenopterans, 
lepidopterans, antlions, grasshoppers), osteichthyans, frogs, 
salamanders, turtles, lizards, snakes, birds (accipitriforms, 
anseriforms, apodiforms, cathartiforms, charadriiforms, 
columbiforms, falconiforms, galliforms, gruiforms, passeriforms, 
pelecaniforms, piciforms, podocipediforms, strigiforms), 
mammals (sloths, shrews, rodents, rabbits, bats, carnivorans, 
proboscidean, horses, artiodactyls), dung (lizard, mammal), bird 
regurgitation pellets, packrat middens, ringtail middens, and bird 
eggshell and nests 

Chinle Formation Late Triassic Petrified wood 

Moenkopi Formation 
Earlyï?Middle 
Triassic 

Invertebrate trace fossils and vertebrate tracks (Rotodactylus) 

Kaibab Formation early Permian 

Dasycladacean algae, sponges, rugose corals, conulariids, 
bryozoans, brachiopods, bivalves, nautiloids, gastropods, 
scaphopods, trilobites, crinoids, echinoids, chondrichthyans 
(ctenacanthiforms, hybodontiforms, euselachians, 
petalodontiforms, and holocephalans), platysomid 
actinopterygians, indeterminate actinopterygian teeth and scales, 
and invertebrate burrows and trails 

Toroweap Formation early Permian 
Bryozoans, brachiopods, bivalves, nautiloids, gastropods, 
scaphopods, ostracodes, crinoids, echinoids, and stromatolites  

Coconino Sandstone early Permian 

Invertebrate burrows, trails, and tracks, anamniote tracks (cf. 
Amphisauropus and Ichniotherium), reptile tracks (cf. Dromopus, 
Erpetopus, and Varanopus), synapsid tracks (cf. 
Tambachichnium), and undetermined tetrapod tracks 
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Table 3-2 (continued). Overview of GRCA stratigraphy and paleontology. See the various chapters for 

more paleontological information. 

Formation Age Paleontological Resources 

Hermit Formation early Permian 

Horsetails, ñseed fernsò, ginkgoes, conifers, undetermined 
plants, eurypterids, insects, invertebrate burrows, trails, and 
tracks, anamniote tracks (Amphisauropus, Batrachichnus, and 
Ichniotherium), reptile tracks (Dromopus, Erpetopus, and 
Hyloidichnus), synapsid tracks (Dimetropus), undetermined 
tetrapod tracks, and possible microbial features 

Esplanade 
Sandstone (in west 
transitions to Pakoon 
Limestone) 

early Permian 

Conifers (Walchia), undetermined plants, bioclasts of marine 
invertebrates (corals, bryozoans, pelmatozoans, and 
brachiopods or bivalves), invertebrate burrows and trails, and 
foraminifers 

Wescogame 
Formation 

Late Pennsylvanian 

Undetermined plants, bioclasts of invertebrate fossils 
(bryozoans, pelmatozoans, and brachiopods or bivalves), 
holocephalan chondrichthyans, invertebrate burrows, trails, and 
tracks, anamniote tracks (cf. Amphisauropus, Batrachichnus, 
and cf. Limnopus), of reptiles (Varanopus), undetermined 
tetrapod tracks, foraminifers, and microbial features 

Manakacha 
Formation 

Middle 
Pennsylvanian 

Undetermined ferns and other plants, bioclasts of invertebrate 
fossils (bryozoans, ostracodes, pelmatozoans, and brachiopods 
or bivalves), microbial trace fossils (stromatolites), invertebrate 
burrows, trails, and tracks, undetermined tetrapod tracks, 
foraminifers, and ñalgalò bioclasts (calcispheres and Girvanella) 

Watahomigi 
Formation 

EarlyïMiddle 
Pennsylvanian 

Equisetopsids (Calamites), ñseed fernsò (Neuropteris), conifers 
(Cordaites and Walchia), Taeniopteris, undetermined plants, 
corals including tabulates, conulariids, bryozoans, brachiopods, 
bivalves, gastropods, trilobites, crinoids, echinoids, conodonts, 
chondrichthyans (holocephalan and indeterminate dermal 
denticles), undetermined fish teeth, microbial trace fossils 
(stromatolites), invertebrate burrows and trails, foraminifers, and 
ñalgaeò 

Surprise Canyon 
Formation 

Late Mississippian 

Calamites, Lepidodendron, Lepidostrobophyllum, undetermined 
wood and other plant fossils, rugose and tabulate corals, 
bryozoans, brachiopods, bivalves, gastropods, trilobites, 
ostracodes, asteroids, blastoids, crinoids, echinoids, conodonts, 
chondrichthyans (thrinacodontids, xenacanthiforms, 
symmoridforms, ctenacanthiforms, hybodontiforms, 
euselachians, indeterminate elasmobranchs, paraselachians, 
orodontiforms, eugenodontiforms, petalodontiforms, and 
holocephalans), indeterminate actinopterygians, indeterminate 
tetrapods, microbial trace fossils (ñalgalò laminations, oncolites, 
stromatolites), invertebrate burrows and trails, foraminifers, and 
ñalgaeò 

Redwall Limestone 
EarlyïMiddle 
Mississippian 

Rugose and tabulate corals, bryozoans, brachiopods, nautiloids, 
gastropods, trilobites, blastoids, crinoids, holocephalan 
chondrichthyans, undetermined fish teeth, invertebrate burrows 
and trails, foraminifers, ñalgaeò, and calcispheres 

Temple Butte 
Formation 

MiddleïLate 
Devonian 

Rugose corals, brachiopods, gastropods, conodonts, 
placoderms, sarcopterygians, indeterminate fish, invertebrate 
burrows and trails, and trace fossils or stromatoporoid sponges 

Frenchman Mountain 
Dolostone 

middleïlate 
Cambrian 

Invertebrate burrows and trails 
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Table 3-2 (continued). Overview of GRCA stratigraphy and paleontology. See the various chapters for 

more paleontological information. 

Formation Age Paleontological Resources 

Muav Limestone middle Cambrian 

Sponges, brachiopods, hyoliths, helcionelloids, trilobites, 
eocrinoids, enigmatic invertebrates (Chancelloria, Scenella), 
invertebrate burrows and trails, and Girvanella-like structures 
(oncolites) 

Bright Angel Shale middle Cambrian 

Cryptogam spores, brachiopods, hyoliths, trilobites, bradoriids, 
eocrinoids, enigmatic invertebrates (Chancelloria, Tontoia), 
microbial wrinkle structures, invertebrate burrows and trails, 
leiospheres, filament mats resembling Nematothallus, non-
marine cryptospores, terrestrial algal cell clusters, enigmatic 
fossils (Margaretia), and possibly sponges 

Tapeats Sandstone 
earlyïmiddle 
Cambrian 

Brachiopods, trilobites, and invertebrate burrows and trails 

Sixtymile Formation early Cambrian Potential undetermined fragment 

Kwagunt Formation 
middle 
Neoproterozoic (late 
Tonian) 

Stromatolites and other microbial features, acritarchs and 
colonial organic-walled microfossils, microbial filaments, vase-
shaped microfossils, various unspecified microfossils, ñvampire 
tracesò on microfossils, chemical evidence for possible sponges, 
and possible meiofaunal traces 

Galeros Formation 
middle 
Neoproterozoic (late 
Tonian) 

Stromatolites and other microbial features, acritarchs and 
colonial organic-walled microfossils, microbial filaments, various 
unspecified microfossils, and ñvampire tracesò 

Nankoweap 
Formation 

middle 
Neoproterozoic (late 
Tonian) 

None to date, unless Brooksella canyonensis is organic 

Cardenas Basalt late Mesoproterozoic None to date; fossils are unlikely but not impossible 

Dox Formation late Mesoproterozoic Stromatolites; also dubiofossils 

Shinumo Quartzite late Mesoproterozoic None confirmed; also dubiofossils 

Hakatai Shale late Mesoproterozoic 
Stromatolites and other microbial features in the BassïHakatai 
transition zone; also dubiofossils 

Bass Formation 
middleïlate 
Mesoproterozoic 

Stromatolites and other microbial structures, possible 
microfossils, and possible microbial filaments; also dubiofossils 

Paleoproterozoicï
Mesoproterozoic 
basement 

late 
Paleoproterozoicï
early 
Mesoproterozoic 

Unfossiliferous igneous and high-grade metamorphic rocks 

 

Precambrian Stratigraphy of Grand Canyon 

The Precambrian rocks of GRCA consist of igneous, metamorphic, and sedimentary rocks. 

Precambrian sedimentary and igneous rocks are generally only exposed in the eastern and central 

Grand Canyon regions along the canyon depths, while Proterozoic crystalline rocks are only exposed 

along the Colorado River and tributaries in eastern and western Grand Canyon (Billingsley et al. 

2019). 

The base of the Precambrian section is composed of various igneous and metamorphic bodies of 

Paleoproterozoic age, overlaid by a series of primarily sedimentary units. The ñVishnu Basement 

rocksò (consisting of generically the Elves Chasm Gneiss, and granites and schists) will not be 
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treated here as they do not contain paleontological resources. The ñGrand Canyon Supergroup rocksò 

are divided into the Mesoproterozoic Unkar Group (consisting of the Bass Formation, Hakatai Shale, 

Shinumo Sandstone, Dox Formation, and Cardenas Basalt), and the Neoproterozoic Chuar Group 

(Nankoweap Formation, Galeros Formation, and Kwagunt Formation). These sedimentary rocks are 

discussed in further detail in the Precambrian paleontology chapter; capsule descriptions are included 

here. 

Grand Canyon Supergroup: Unkar Group 

The Unkar Group consists of the Mesoproterozoic Bass Formation, Hakatai Shale, Shinumo 

Sandstone, Dox Formation, and Cardenas Basalt (Figures 3-2 and 3-3). 

 

Figure 3-2. Mesoproterozoic rocks of the Unkar Group (Grand Canyon Supergroup) in eastern Grand 

Canyon. Yo=Hotauta Conglomerate Member; Yb=Bass Formation; Yc=Cardenas Basalt; Yh=Hakatai 

Shale; Ys=Shinumo Sandstone (Billingsley et al. 2019: Figure 3). 
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Figure 3-3. Mesoproterozoic rocks in contact with lower Tonto Group (Tapeats Sandstone and Bright 

Angel Shale) in eastern Grand Canyon (Billingsley et al. 2019: Figure 4). 

Unkar Group: Bass Formation (Mesoproterozoic) 

The Bass Formation is primarily composed of dolomite, with some interbedded sandstone, mudstone, 

and pebble conglomerate, about 60 to 100 m (200 to 330 ft) thick. The basal part of the formation is a 

cobble conglomerate known as the Hotauta Member. The Bass Formation is interpreted as mostly 

shallow to restricted marine, with increasing clastic input over time. It grades into the overlying 

Hakatai Shale. The base of the formation dates to approximately 1254 Ma (million years ago) 

(Timmons et al. 2005, 2012). This formation is significant for preserving the oldest evidence of life 

in GRCA. 

Unkar Group: Hakatai Shale (Mesoproterozoic) 

The Hakatai Shale is a clastic unit consisting of primarily siltstone and fine-grained sandstone, with 

lithologies ranging from mudstone to conglomerate, varying from 137 to 300 m (450 to 980 ft) thick. 

The upper contact with the Shinumo Sandstone is unconformable. It is interpreted as a shallow water 

unit from marginal marine, tidal flat and deltaic settings, deposited at least in part after 1187 Ma 

(Timmons et al. 2005, 2012). 

Unkar Group: Shinumo Sandstone (Mesoproterozoic) 

The Shinumo Sandstone is a mostly quartzitic sandstone interpreted as a high-energy shoreface unit. 

It is approximately 355 to 410 m (1,160 to 1,350 ft) thick and has a gradational contact with the 

overlying Dox Formation (Timmons et al. 2005, 2012). It may be as old as ca. 1170 Ma (Timmons et 

al. 2012) or as young as 1140 Ma (Mulder et al. 2017). 
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Unkar Group: Dox Formation (Mesoproterozoic) 

The Dox Formation is predominantly composed of red sandstone. It is interpreted as initially a fluvial 

to deltaic unit, becoming more marine over time (Timmons et al. 2012; Mulder et al. 2017). It has 

been divided into four members, in ascending order: the Escalante Creek, Solomon Temple, 

Comanche Point, and Ochoa Point Members, with a combined thickness of approximately 920 m 

(3,020 ft) (Elston 1989a). Deposition occurred between approximately 1140 and 1104 Ma (Timmons 

et al. 2012; Mulder et al. 2017). 

Unkar Group: Cardenas Basalt (Mesoproterozoic) 

The Cardenas Basalt is an unfossiliferous basalt unit formed by eruptions that began near the end of 

Dox Formation deposition, as shown by interfingering Dox beds and Cardenas lava flows. It is about 

300 m (980 ft) thick and dates to approximately 1104 Ma. Its upper contact with the Nankoweap 

Formation is unconformable (Timmons et al. 2005, 2012). 

Grand Canyon Supergroup: Chuar Group 

The Chuar Group consists of the Neoproterozoic Nankoweap, Galeros and Kwagunt Formations, 

each with their own members. 

Chuar Group: Nankoweap Formation (Neoproterozoic) 

The Nankoweap Formation can be divided into a lower red unit of hematite-cemented sandstone and 

mudstone, and an upper white unit of siltstone and sandstone (Timmons et al. 2012). These two 

informal members have an unconformable contact, and the overall thickness of the formation varies 

greatly from 113 to more than 250 m (370 to more than 820 ft) (Elston 1989a). This unit was recently 

found to be much younger than previously inferred by dating detrital zircons, at less than 

approximately 782 Ma, and has been added to the Chuar Group (Dehler et al. 2017). 

Chuar Group: Galeros Formation (Neoproterozoic) 

The Galeros Formation is a dominantly clastic unit, mostly mudstones with some sandstone and 

dolomite beds. It is divided into four members, in ascending order the Tanner, Jupiter, Carbon 

Canyon, and Duppa Members. Like the similar overlying Kwagunt Formation, it is interpreted as 

representing primarily wave- and tidal-influenced marine deposition and supratidal. The upper 

contact with the Kwagunt Formation is gradational, and the two together are about 1,600 m (5,250 ft) 

thick (Dehler et al. 2001, 2012). It dates from after 782 Ma to approximately 751 ± 7.6 Ma (Rooney 

et al. 2018). 

Chuar Group: Kwagunt Formation (Neoproterozoic) 

The Kwagunt Formation is lithologically similar to the Galeros Formation and is also divided into 

several members (in ascending order the Carbon Butte, Awatubi, and Walcott Members). It was also 

primarily deposited in shallow subtidal to intertidal settings, with more frequent episodes of subaerial 

exposure than the Galeros Formation (Dehler et al. 2001, 2012). Deposition occurred after 

approximately 751 Ma to about 729 ± 0.9 Ma (Rooney et al. 2018). 
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Paleozoic Stratigraphy of Grand Canyon 

Outcrops of 17 distinct Paleozoic formations have been reported in GRCA, ranging in age from the 

Cambrian to the Triassic. These rocks vary greatly in depositional environments ranging from open 

marine to eolian terrestrial. As discussed in following chapters, they also preserve a broad array of 

fossils, from Cambrian invertebrate burrows and trails, to Devonian fish, to Mississippian crinoids, to 

Pennsylvanian vertebrate tracks, to Permian plants and insects. GRCA boasts one of the most 

complete Paleozoic records in the National Park System, particularly from the Late Devonian 

through the end of the Permian. 

Tonto Group (lowerïmiddle Cambrian) 

The Tonto Group (Figures 3-3 and 3-4) consists of the Sixtymile Formation, Tapeats Sandstone, 

Bright Angel Shale (or Formation), Muav Limestone (or Formation), and Frenchman Mountain 

Dolostone (Karlstrom et al. 2020). Historically it included only the Tapeats, Bright Angel, and Muav 

Formations. It is misleading to consider these three units as simple ñlayer cakeò beds. The formations 

are defined by lithology and because deposition occurred over many small-scale marine regressions 

and transgressions during the overall marine transgression, the lithologies intertongue extensively, 

making mapping complicated (Beus and Billingsley 1989; Huntoon 1989). 

Tonto Group: Sixtymile Formation (lower Cambrian) 

The Sixtymile Formation was thought to be Precambrian in age until recently, when dating of detrital 

zircons established it as Cambrian in age (Karlstrom et al. 2018). It is only found in a few areas of 

eastern GRCA and is composed of red- to white sandstone and siltstone with chert and 

interformational breccia (Elston 1979). What had previously been described as the lowest part of the 

formation has been transferred to the upper Kwagunt Formation (Timmons et al. 2001). The 

Sixtymile Formation was deposited in lacustrine, fluvial, and shallow marine settings in fault-

controlled basins. Detrital zircons indicate it was deposited between 520 and 509 Ma, making it 

contemporaneous in part with rocks of the lower Tonto Group in the western Grand Canyon and 

Lake Mead regions (Karlstrom et al. 2018). There is an angular unconformity between the Sixtymile 

Formation and the overlying Tapeats (Tonto Group) (A. Mathis, pers. comm., December 2019). 
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Figure 3-4. Upper Tonto Group (Cm=Muav Limestone; Cu=òundifferentiated dolomitesò, now the 

Frenchman Mountain Dolostone), Temple Butte Formation (Dtb), and Redwall Limestone (Mrw=Whitmore 

Wash Member; Mrt=Thunder Springs Member; Mrm=Mooney Falls Member) in eastern Grand Canyon 

(Billingsley et al. 2019: Figure 5). 

Tonto Group: Tapeats Sandstone (lowerïmiddle Cambrian) 

The Tapeats Sandstone is a medium- to coarse-grained, cliff -forming conglomeratic sandstone (Beus 

and Billingsley 1989). At GRCA, this unit is deposited on what had been the hilly terrain of 

weathered Precambrian rocks (the Grand Canyon Supergroup in eastern GRCA, the older Vishnu 

Basement in western GRCA) (Middleton and Elliott 2003). The unconformity with all underlying 

Precambrian rocks is known as the Great Unconformity. The base of the Tapeats Sandstone is locally 

conglomeratic, with mudstone and fine sandstone becoming common toward the top, where the 

Tapeats Sandstone forms a transition zone with the overlying Bright Angel Shale (Middleton and 

Elliott 2003). Three members may be apparent in the western part of the canyon, with a shale 

(mudstone)-rich member sandwiched between sandstone members (Elston 1989d). 

Historically, the Tapeats Sandstone and the rest of the Tonto Group were considered to span much of 

the Cambrian and were interpreted as a classic example of a gradual marine transgression in which 

the nearshore sands of the Tapeats Sandstone were replaced by successively deeper marine deposits 

of the Bright Angel Shale and Muav Limestone (McKee and Resser 1945). More recent study 

indicates that the marine transgression responsible for the Tonto Group took place over a much 

shorter time frame (Karlstrom et al. 2018). West of GRCA, the upper Tapeats Sandstone includes 
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rocks deposited approximately 508 to 504 Ma, while in eastern GRCA, the Tapeats Sandstone has a 

maximum depositional age of 505.4 ± 8.0 Ma (Karlstrom et al. 2018). 

The Tapeats Sandstone is typically interpreted as representing shallow marine sand deposition under 

significant tidal influence, with more terrestrial environments toward the base (Hereford 1977; 

Middleton 1989; Middleton and Elliott 2003). However, the formation may have been more 

continental overall, perhaps a fluvial braidplain (Baldwin et al. 2004). The thickness of the formation 

varies from very thin or absent where deposited over prominent paleotopographic highs, to 90 m 

(300 ft), 12 to 15 m (40 to 50 ft) of which are part of a transition zone (Beus and Billingsley 1989). 

Tonto Group: Bright Angel Shale (Middle Cambrian) 

The Bright Angel Shale is a mixed formation mostly composed of shale (mudstone) to fine-grained 

sandstone (Middleton and Elliott 2003). The rocks are sometimes divided into numerous members 

(McKee 1945; Spamer 1984; Beus and Billingsley 1989). It appears to have been deposited between 

approximately 505 to 501 Ma in Grand Canyon (Karlstrom et al. 2018). It has a complex gradational 

and intertonguing relationship with the overlying Muav Limestone (Middleton 1989). To simplify 

matters, Elston (1989d) has suggested transferring the lower portion of the Muav Limestone to the 

Bright Angel Shale. The Bright Angel Shale is about 107 to 150 m (350 to 500 ft) thick (Billingsley 

2000). 

The Bright Angel Shale is generally interpreted as a shallow marine shelf unit (Middleton and Elliott 

2003). The various members correspond to minor transgressions and regressions (Elston 1989d; Beus 

and Billingsley 1989). When interpreted as more continental, the rocks are instead seen as 

representing estuary and tidal flat settings (Baldwin et al. 2004) influenced by storm events (Elliott 

and Martin 1987). The lack of acritarchs in the mudstones, the dominant lithology of the formation, 

may be evidence for minimal marine influence in those rocks (Baldwin et al. 2004). 

Tonto Group: Muav Limestone (middle Cambrian) 

The Muav Limestone is composed of limestone, dolomite, thin shale (mudstone) and siltstone, and 

conglomerate (Spamer 1984; Middleton and Elliott 2003), and forms cliffs at GRCA (Middleton and 

Elliott 2003). Like the Bright Angel Shale, it can be divided into multiple members (Spamer 1984; 

Middleton 1989; Middleton and Elliott 2003). Trilobites of the Muav Limestone can be attributed to 

the same part of the Cambrian as the Bright Angel Shale of eastern GRCA (Karlstrom et al. 2018), so 

it is likely not substantially younger. It is between 45 and 245 m (150 and 800 ft) thick (Spamer 

1984). Its upper contact is an unconformity with the unnamed dolomite unit (Beus and Billingsley 

1989). 

The Muav Limestone is interpreted as representing subtidal to supratidal offshore deposits 

(Middleton and Elliott 2003). The various members correspond to minor transgressions and 

regressions (Elston 1989d; Beus and Billingsley 1989). There are also some tidal flat deposits, 

particularly in the western part of GRCA (Wanless 1973; Baldwin et al. 2004). 
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Tonto Group: Frenchman Mountain Dolostone (middleï?upper Cambrian) 

Above the Muav Limestone at GRCA is a unit historically known as the ñundifferentiated 

dolomitesò, now assigned to the Frenchman Mountain Dolostone by Karlstrom et al. (2020). It 

consists of white to gray dolomite unit with thin layers of shale (mudstone) between beds, especially 

in the lower part of the unit. Its exact age is uncertain, due to the paucity of fossils. The thickness 

varies from 60 to 140 m (200 to 450 ft) (Beus and Billingsley 1989). This unit is found in western 

GRCA (Middleton 1989). It is also sometimes called the ñSupra-Muavò or ñGrand Wash Dolomiteò 

in the literature (Middleton 1989), although the latter name is precluded from formal usage because 

ñGrand Washò is already in use for a different unit in the area (Elston 1989d). This unit is interpreted 

as shallow subtidal to possibly intertidal in depositional setting (Middleton and Elliott 2003), 

deposited in a regressing sea (Spamer 1984). 

Temple Butte Formation (MiddleïUpper Devonian) 

The Temple Butte Formation (Figure 3-4) is a dolomite (dolostone) and sandstone unit, becoming 

mostly dolomitic in western GRCA (Beus 1989). In eastern GRCA, it is discontinuous, filling 

channels cut into the underlying Cambrian rocks. It becomes a thicker and continuous layer in the 

western part of the park, with dolomite over the channel fill (Spamer 1984). Some descriptions have 

combined part of the unnamed Cambrian dolomite with the formation (Beus 2003a). Conodont 

fossils have been used to date the Temple Butte Formation to the late Middle and early Late 

Devonian (Beus 1980). Where present, it is up to 135 m (450 ft) thick in western GRCA (Beus and 

Billingsley 1989). Both the lower contact with Cambrian rocks and the upper contact with the 

Redwall Limestone are unconformities (Spamer 1984). 

Most of the Temple Butte Formation is interpreted as representing shallow, subtidal, open marine 

settings in western Grand Canyon, although some of the dolomite may be supratidal and the channel 

fill could correspond to tidal channels in eastern Grand Canyon (Beus 2003a). A transgression 

occurred during the deposition of this unit, moving west to east (Beus 1989). 

Redwall Limestone (LowerïMiddle Mississippian) 

The Redwall Limestone (Figures 3-4 and 3-5) is made up mostly of limestone, with some dolomite, 

chert, and mudstone (Beus et al. 1989). The most detailed description of the unit is McKee and 

Gutschick (1969a), which includes data from a number of GRCA localities. This cliff-forming unit is 

actually gray, but in the canyon it has been stained red on the surface by iron oxides washed from the 

overlying Supai Group (McKee and Gutschick 1969b). There are four members, all present at 

GRCA; from oldest to youngest, they are the Whitmore Wash, Thunder Springs, Mooney Falls, and 

Horseshoe Mesa Members (McKee 1963). The Whitmore Wash Member is mostly limestone and 

dolomite, thickening from 15 m (50 ft) in eastern GRCA to 36 m (120 ft) in western GRCA, which 

dates to the Early Mississippian. The Thunder Springs Member is a distinctively banded unit, due to 

alternating carbonate and chert beds. It is 30 m (100 ft) thick in eastern GRCA, increasing to 43 m 

(140 ft) in western GRCA. It is slightly younger than the Whitmore Wash Member. The Mooney 

Falls Member is a massive cliff-forming limestone, and spans from 76 m (250 ft) thick in eastern 

GRCA to 104 m (340 ft) thick in western GRCA. It dates to the early Middle Mississippian. Finally, 

the Horseshoe Mesa Member, composed of limestone ledges, is thinnest, ranging from 0 to 30 m (0 
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to 100 ft) thick. It is absent where the overlying channel-filling Surprise Canyon Formation is 

present. It is slightly younger than the Mooney Falls Member (Beus and Billingsley 1989). Within 

the formation, there is a depositional hiatus between the Thunder Springs and Mooney Falls 

Members that becomes progressively greater from west to east (Beus 1989). Shortly after its 

deposition, the upper part of the Redwall Limestone eroded to form a karst terrain (McKee and 

Gutschick 1969d) and erodes into overhangs and caves today (McKee and Gutschick 1969b). 

 

Figure 3-5. Redwall Limestone (Mr), Surprise Canyon Formation (Ms), and overlying Supai Group 

(Pwa=Watahomigi Formation; Pm=Manakacha Formation; Pwe=Wescogame Formation; Pe=Esplanade 

Sandstone) (Billingsley et al. 2019: Figure 6). 

The Redwall Limestone records two marine transgression-regression cycles. The older and larger 

cycle is represented by the transgressional Whitmore Wash Member and the regressional Thunder 

Springs Member, and the second cycle is represented by the transgressional Mooney Falls Member 

and the regressional Horseshoe Mesa Member (Beus 1989). The marine body transgressed from west 

to east, forming a shallow sea (Beus 2003b). Several types of limestone and other rocks are found 

throughout the members and correspond to different environments on the shelf (McKee and 

Gutschick 1969c). Distinct fossil assemblages are found from these different settings. For example, 

featureless limestone appears to represent lime mud deposits that were not conducive to life, with the 

only numerous fossils being massive colonial corals. Oolitic limestone (limestone composed of small 

spherical particles) is probably from warm shallow water with moderate energy, and has a faunal 
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assemblage of foraminifera, corals, ostracodes, and sea cucumbers, with algal structures (McKee and 

Gutschick 1969d). 

Fossil preservation in the Redwall Limestone is quite variable, depending on the matrix, organisms, 

and environment. Fossils found in chert are often the best, though usually preserved as molds 

(McKee and Gutschick 1969d). Fossils in GRCAôs Whitmore Wash Member were often destroyed 

when limestone was altered to dolomite (Beus 2003b), a common phenomenon in southeastern 

GRCA (McKee and Gutschick 1969e). Fossils are common in the Thunder Springs and Mooney 

Falls members (Beus and Billingsley 1989). The limestone beds of the Thunder Springs Member are 

crinoid-rich, while the chert beds are formed by silicified bryozoan limestones and mudstones (Beus 

and Billingsley 1989). The best fossils are found in the chert beds (Beus 2003b). Bryozoans dominate 

the Thunder Springs Member fossil assemblages in eastern GRCA, while crinoids dominate central 

GRCA, and a mixed bryozoan-brachiopod-gastropod-crinoid fauna is present in western GRCA. 

Fossils of the Mooney Falls Member are only well-preserved in a few scattered zones. Otherwise, 

specimens are fragmentary (McKee and Gutschick 1969e). Fossils are rare again in the Horseshoe 

Mesa Member (Beus and Billingsley 1989); however, when present, Horseshoe Mesa Member fossils 

are well-preserved (Beus 2003b). 

Surprise Canyon Formation (Upper Mississippian) 

The Surprise Canyon Formation (Figure 3-5) is a discontinuous unit found filling paleo-valleys and 

other karst features eroded in the upper Redwall Limestone. The Surprise Canyon Formation also 

occurs in caves in the Redwall Limestoneôs Mooney Falls and Horseshoe Mesa Members 

(Billingsley and Beus 1985). It is found only in the Grand Canyon region. Formally named in 1985, 

its outcrops were first thought to be part of the Redwall Limestone or the Watahomigi Formation 

(Billingsley and Beus 1985). After it was recognized as a distinct unit, but before it was formally 

described, it was known as the pre-Supai buried valleys or canyons (Billingsley and McKee 1982; 

Spamer 1984). The lower portion is composed of fluvial conglomerate and sandstone with some 

mudstone and siltstone (Beus 2003b). The coarsest material is found near the base, grading up into 

sandstone (Beus and Billingsley 1989). The middle portion is a cliff-forming marine limestone. 

Finally, the upper part includes marine slope-forming siltstone, sandstone, and silty to sandy 

limestone (Beus 2003b). Most of the limestone of the upper unit is at the top, so there is a siltstone-

sandstone slope above the middle unitôs cliff leading to a cliff higher in the upper unit (Billingsley 

and McKee 1982). The valleys filled by the Surprise Canyon Formation are as much as 120 m (400 

ft) deep. It was deposited a few million years after the Redwall Limestone, and dates to the end of the 

Mississippian (Beus 2003b). The upper contact is an unconformity with the Watahomigi Formation 

(Beus 1989). 

The Surprise Canyon Formation forms a dendritic drainage system that can be traced through GRCA 

(Billingsley and Beus 1999). Flow moved from east to west (Beus 2003b). The three parts of the 

formation formed under different conditions. In general, the lower sandstone/conglomerate portion is 

interpreted as fluvial, the middle limestone portion is interpreted as marine, and the upper silty 

portion is interpreted as estuary. The eastern depositional area may have been fluvial during its entire 

deposition (Beus 2003b). An alternate paleoenvironmental interpretation for the entire formation is as 
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a more widespread shallow sea. This interpretation would be more consistent with the distribution of 

some of the marine fossils, but is not favored (Beus 2003b). 

Supai Group 

The Supai Group (Figure 3-5) was recognized for many years as the Supai Formation in the Grand 

Canyon. It was designated as a group and was divided into four formations in 1975. In ascending 

order, these are the Watahomigi Formation, Manakacha Formation, Wescogame Formation, and 

Esplanade Sandstone (McKee 1975). The coeval Pakoon Limestone intertongues with the Esplanade 

Sandstone in western GRCA (Blakey and Knepp 1989). The Supai Group as a whole is thought of as 

a broad coastal plain, over which the sea advanced from the west and retreated several times. The 

four formations represent different stages of several transgressive-regressive cycles, with the 

depositional setting oscillating between continental (particularly eolian) and shallow marine 

environments (Blakey 2003). 

Supai Group: Watahomigi Formation (LowerïMiddle Pennsylvanian) 

The Watahomigi Formation (Figure 3-5) is composed of mudstone, siltstone, limestone, and 

dolostone. The lower and upper portions are slope-forming red beds, and the middle is a ledge-

forming carbonate (Blakey 2003). These parts can be recognized throughout the Grand Canyon 

(Beus and Billingsley 1989). Carbonates dominate western GRCA and mudstone dominates the 

eastern outcrops in the park, with very little of the middle unit present (McKee 1982b). It is 24 to 91 

m (80 to 300 ft) thick at GRCA, becoming thicker from east to west (Beus and Billingsley 1989). 

The formation mostly dates to the Early Pennsylvanian. An erosional horizon represented by a 

conglomerate marks both the base of the upper section and the EarlyïMiddle Pennsylvanian 

boundary (McKee 1982b). It was deposited after a short hiatus following the deposition of the 

Surprise Canyon Formation (Beus 1989). The upper contact with the Manakacha Formation may be 

another unconformity (Blakey and Knepp 1989), or conformable (Blakey 2003). 

The Watahomigi Formation is interpreted as a shoreline unit, deposited in shallow marine to coastal 

plain settings (Blakey and Knepp 1989). It is part of a marine transgression (McKee 1982c). The 

upper portion had more marine influence than the lower portion (Blakey 2003). During the Early 

Pennsylvanian, a sea was present west of the modern Little Colorado River, which expanded to the 

east during the early middle Pennsylvanian (McKee 1982a). Fossils in the Watahomigi Formation 

suggest low energy conditions (McKee 1982d), but possibly too energetic or with too much sand and 

silt for extensive coral growth (Gordon 1982). 

Supai Group: Manakacha Formation (Middle Pennsylvanian) 

The Manakacha Formation (Figure 3-5) is primarily a mix of sandstone and limestone, with some 

mudstone, conglomerate, and dolostone (Blakey and Knepp 1989). It is usually exposed as a lower 

cliff and upper slope, with a conglomeratic zone between the two. Unlike other Supai Group 

formations, there is not a basal conglomerate (Beus and Billingsley 1989). Carbonates are prominent 

in western GRCA, grading to sandstone and mudstone in central GRCA, and then mudstone and 

sandstone in eastern GRCA. The top of the unit is a widely recognized channeled surface that marks 

an unconformity (McKee 1982b). Its thickness is relatively consistent throughout the park, ranging 
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from 61 to 84 m (200 to 275 ft) thick (Beus and Billingsley 1989). The Manakacha Formation dates 

to the early Middle Pennsylvanian. 

The Manakacha Formation was initially interpreted as a dominantly marine formation (McKee 

1982c), representing marine shelf to open marine environments, with mudstone limited to restricted 

marine environments and the dominant sandstone and limestone deposited under high energy 

(Blakey and Knepp 1989). More recently, it has been interpreted as dominantly eolian. Eolian 

deposition began encroaching from the north into the area that had been submerged by the marine 

transgression of the Watahomigi Formation (Blakey 2003). 

Supai Group: Wescogame Formation (Upper Pennsylvanian) 

The Wescogame Formation (Figure 3-5) is a mixed unit, with limestones prominent in extreme 

western GRCA, sandstones dominant in central GRCA, and mudstones increasing in prominence in 

eastern GRCA. It is exposed as a lower cliff and upper slope (Blakey 2003). It is the most complex of 

the Supai Group formations, with rapidly shifting rock types (Blakey and Knepp 1989). The 

thickness is between 30 and 69 m (100 and 225 ft) at GRCA (Beus and Billingsley 1989). Both the 

upper and lower contact are unconformities (Blakey 2003). The Wescogame Formation dates to the 

end of the Late Pennsylvanian. 

The Wescogame Formation is interpreted as predominately eolian, representing one or more large 

dune fields (Blakey 2003). Fluvial, coastal plain, shoreline, shelf, and open marine settings are also 

likely represented in its various rock types (Blakey and Knepp 1989). 

Supai Group: Esplanade Sandstone (lower Permian) 

The Esplanade Sandstone (Figures 3-5 and 3-6) is a quartz-rich sandstone, with basal and upper 

slope-forming beds of finer sediments (McKee 1982c). It was deposited during the early Permian 

(McKee 1982d). The lower portion of the Esplanade Sandstone intertongues with the Pakoon 

Limestone in western GRCA (Blakey and Knepp 1989). The combined Esplanade Sandstoneï

Pakoon Limestone thickens from east to west, going from 91 m (300 ft) thick in eastern GRCA to 

more than 137 m (450 ft) in the western part of the park (Billingsley 1997). The lower contact with 

the Wescogame Formation and the upper contact with the Hermit Formation are unconformable. The 

base of the unit in eastern and central GRCA is a conglomerate that fills paleochannels in the 

Wescogame Formation (Beus and Billingsley 1989). 

The depositional environment of this formation has been interpreted in multiple ways. The marine 

interpretation sees the Esplanade Sandstone as mostly high-energy marine sandstone with more 

terrestrial beds at the top and bottom (McKee 1982c; Blakey and Knepp 1989). The more current 

interpretation is that it is an eolian unit (Beus and Billingsley 1989; Blakey 2003), or part of a large 

coastal plain (Blakey 2003). The base was probably less eolian than the rest of the unit (Blakey 

2003). Marine influence increased to the west, as evidenced by the change into the Pakoon 

Limestone (McKee 1982c). Some gypsum is also present (Blakey 2003). 
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Figure 3-6. Uppermost Supai Group (Pe=Esplanade Sandstone), Hermit Formation (Ph), Coconino 

Sandstone (Pc), Toroweap Formation (Seligman Member=Pts; Brady Canyon Member=Ptb; Woods 

Ranch Member=Ptw), and Kaibab Formation (Fossil Mountain Member=Pkf; Harrisburg Member=Pkh) 

(Billingsley et al. 2019: Figure 7). 

Pakoon Limestone (lower Permian) 

The Pakoon Limestone is a heterogeneous unit including dolomite, limestone, sandstone, mudstone, 

and gypsum (Blakey and Knepp 1989). It is mostly dolomite and limestone in the Grand Canyon 

region (Blakey 2003). It intertongues with the lower Esplanade Sandstone in western GRCA (Blakey 

and Knepp 1989), and dates to the earliest Permian (Blakey 2003). The Pakoon Limestone is 

interpreted as a clear water, shallow marine unit (Blakey 2003). It is not mapped separately from the 

Esplanade Sandstone within GRCA (Billingsley and Wellmeyer 2004; Billingsley et al. 2006a). 

Hermit Formation (lower Permian) 

The Hermit Formation (Figure 3-6; formerly known as Hermit Shale) is a mixed red bed unit 

composed of very fine grained sandstone, siltstone, and minor mudstone. At GRCA, it is known as a 

reddish-brown, slope-forming unit (Blakey 2003). Its common alternate name is a misnomer, as it 

includes very little true shale. The thickness varies greatly from 49 m (160 ft) in eastern GRCA to 

244 m (800 ft) in western GRCA (Beus and Billingsley 1989). It dates to the late early Permian 

(Blakey 2003). Although there is an unconformity between the Hermit Formation and the underlying 

Esplanade Sandstone with deep channel cuts, there was probably little time between the two (White 

1927). The upper contact, with the Coconino Sandstone, is also disconformable, but is sharp (Beus 
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and Billingsley 1989). The Hermit Formation is interpreted as a broad coastal plain and fluvial, but 

was also deposited as loess and scattered eolian dunes (Blakey and Middleton 2012). The climate 

was probably semi-arid, with long hot, dry seasons (White 1929). 

Coconino Sandstone (lower Permian) 

The Coconino Sandstone (Figure 3-6) is a fine-grained eolian sandstone, changing from white and 

tan, to brown or red in western GRCA (Beus and Billingsley 1989). This unit is bracketed by other 

units dated to the late early Permian (Blakey and Knepp 1989). From east to west, the unit thickens 

rapidly in eastern GRCA to 210 m (700 ft) and then thins to practically nothing in western GRCA. Its 

base forms a sharp unconformity with the Hermit Formation (Beus and Billingsley 1989). The upper 

contact with the Toroweap Formation intertongues (Blakey and Knepp 1989). The Coconino 

Sandstone is interpreted as an eolian unit formed as an erg (Hunt et al. 2005). Sand was deposited by 

wind action (Blakey and Knepp 1989). 

Toroweap Formation (lower Permian) 

The Toroweap Formation (Figure 3-6) has been studied extensively and offers striking lateral and 

vertical changes in lithofacies over a relatively small area. Members with carbonate and evaporite 

lithologies are more easily discerned in western outcrops and these distinctions become absent in the 

eastern phase that is mostly cross-bedded sandstone (Turner 2003). 

In the west it can be divided into three members in the GRCA area; in ascending order these are the 

Seligman, Brady Canyon, and Woods Ranch Members The relatively thin Seligman Member appears 

to intertongue and be conformable with the underlying Coconino Sandstone and is no thicker than 15 

m (45 ft) at GRCA (Turner 2003). Above the Seligman Member is the overlying Brady Canyon 

Member, a cliff-forming carbonate unit composed of limestone and mixed dolostone in western 

GRCA. The Brady Canyon Member is thickest in western GRCA, up to 93 m (280 ft) thick. The 

Brady Canyon Member thins uniformly to the east to its depositional edge near Marble Canyon and 

grades into the overlying Woods Ranch Member, mostly made of repetitive evaporites, limestone, 

and sandstone. The Woods Ranch Member forms distinctive slopes and attains a maximum thickness 

of about 60 m (180 ft) (Turner 2003). The Woods Ranch Member is interpreted as a shallow 

evaporitic marine shelf. The climate during deposition of the Toroweap Formation is thought to have 

been semi-arid to arid (Turner 2003). At GRCA, gypsum and/or contorted sandstones of the Woods 

Ranch Member always underlie the Kaibab Formation. (Hopkins and Thompson 2003). 

Most fossils in the Toroweap Formation are from the Brady Canyon Member, with fossils in the 

Woods Ranch Member limited to an unusual Schizodus bed near the top of the member (McKee 

1938; Rawson and Turner 1974). 

Kaibab Formation (lowerïmiddle Permian) 

The Kaibab Formation (Figure 3-6) is a complex sedimentary package of numerous lithologies. At 

GRCA, it forms the canyon rim and is 90 to 120 m (300 to 400 ft) thick (Hopkins and Thompson 

2003). Early workers divided the Kaibab Formation into the Gamma, Beta, and Alpha Members 

(McKee 1938), which have since been subsumed into the Fossil Mountain and overlying Harrisburg 

members. The Fossil Mountain Member is the equivalent of the Gamma and Beta Members, and the 
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Harrisburg Member is the equivalent of the Alpha Member (Blakey and Knepp 1989). Chert is a 

major feature of the Fossil Mountain Member at GRCA, and it is quite voluminous and varied in 

character and weathers to form distinct recesses along cliff faces. It is mostly attributed to the 

original distribution and abundance of siliceous sponges and spicules. In the west, the Fossil 

Mountain Member is more carbonate-rich (fossiliferous limestone) but becomes more siliciclastic 

eastward (sandstone, sandy carbonate, and dolomite) (Hopkins and Thompson 2003). It thickens 

westward and ranges from 75 to 205 m (250 to 300 ft) thick, to approximately 60 m (200 ft) at the 

type section at Fossil Mountain along the south rim. The Harrisburg Member constitutes the 

uppermost cliffs and ledges at GRCA and is a mixed unit including gypsum, dolostones, sandstone, 

redbeds, chert, and minor limestone. Thicknesses range from 25 to 90 m (80 to 300 ft) at GRCA, and 

numerous subunits are discernable in its overall extent (Hopkins and Thompson 2003). 

The Kaibab Formation is evidence of an ancient seaway covering the GRCA area in the Permian. A 

complex depositional history is evidenced by the mixing of carbonates and siliciclastics with 

numerous variations of subtidal to shallow-marine settings. The Fossil Mountain Member documents 

a west to east shift of fossiliferous open-marine limestones to restricted-marine sandy dolostones and 

the Harrisburg records retreat of the Kaibab Sea (Hopkins and Thompson 2003). 

Mesozoic Stratigraphy of Grand Canyon 

Limited exposures of Mesozoic formations are found at Cedar Mountain near Desert View in GRCA, 

including the LowerïMiddle Triassic Moenkopi Formation and the Upper Triassic Chinle Formation. 

These units were evaluated for paleontological resources during the 2019 GRCA PaleoBlitz and are 

discussed in Chapter 10 of this volume. Additionally, the Lower Jurassic Wingate Sandstone, 

Moenave Formation, Kayenta Formation (and Springdale Sandstone Member), and Navajo 

Sandstone are known in the surrounding Grand Canyon region (Billingsley et al. 2019) but not within 

GRCA. 

Moenkopi Formation (LowerïMiddle Triassic) 

The Moenkopi Formation (Figure 3-7) is a continental red-bed unit found across the American 

Southwest (McKee 1954; Stewart et al. 1972a) that includes marginal marine depositional facies in 

its western exposures (Nevada and Utah) and regressive freshwater fluvial and lacustrine facies in its 

eastern exposures (Arizona and New Mexico). The only complete section of Moenkopi Formation 

exposed within GRCA occurs at Cedar Mountain, adjacent to the far eastern boundary near Desert 

View. This 2 km (1.2 mi) wide feature is largely covered by loose talus and juniper trees, but 

includes the Wupatki, Moqui, and Holbrook Members, all of which are also exposed along the 

nearby Little Colorado River Valley from Cameron to Holbrook, Arizona. Noble (1922) determined 

that the Moenkopi Formation at Cedar Mountain is nearly 150 m (490 ft) thick. The Wupatki 

Member at Cedar Mountain is characterized by low mounds of ripple-laminated sandstone, the 

Moqui Member is a slope-former with interbedded evaporite/channel complexes, and the Holbrook 

Member includes the cliff-forming ñupper massive sandstoneò. Fossils have been reported from the 

Moenkopi Formation at GRCA (Marsh et al. this report), and similar sections nearby are known for 

producing actinopterygian fish, mastodonsauroid, trematosaurian, and brachyopid temnospondyl 

amphibians, tanystropheid reptiles, and pseudosuchian archosaurs (Welles 1947, 1969; Nesbitt 2000, 



 

65 

 

2005a, 2005b). Terrestrial vertebrate (Lucas 2010; Martz and Parker 2017), ichnological 

biochronology (McKee 1954; Klein and Lucas 2010; Henderek et al. 2017), and U-Pb detrital zircon 

geochronology (Dickinson and Gehrels 2009) suggest that at least the uppermost part of the 

Moenkopi Formation is Middle Triassic in age. 

 

Figure 3-7. Mesozoic rocks in eastern GRCA at Cedar Mountain (NPS/DIANA BOUDREAU). 

Chinle Formation (Upper Triassic) 

The only exposure of the Chinle Formation (Figure 3-7) within eastern GRCA caps the Moenkopi 

Formation section at Cedar Mountain and is represented by the Shinarump Member (formerly the 

ñShinarump Conglomerateò; Noble 1922; Repenning et al. 1969; Stewart et al. 1972b). It is 

approximately 8 m (26 ft) thick here and is characterized by well-cemented channel conglomerates 

with mud rip-up clasts and pieces of (or entire) petrified conifer trees. No vertebrate fossils are 

known from the Chinle Formation (Shinarump Member) at GRCA, but terrestrial vertebrate 

biochronology and U-Pb detrital zircon geochronology of overlying and/or equivalent units constrain 

the entire Chinle Formation to the Late Triassic (Lucas 2010; Atchley et al. 2013; Riggs et al. 2016; 

Martz and Parker 2017; Kent et al. 2019). 

Conclusions 

The Grand Canyon serves as a geologic and paleontologic window into the past. The park contains 

colorful, awe-inspiring rocks and traces of life that showcase spectacular stratigraphy and tell a vast 

story of almost two billion years of earth history and organism evolution, making it one of the 

geologic wonders on Earth. The Vishnu Basement rocks, Grand Canyon Supergroup rocks, and 

Layered Paleozoic rocks combine to present a story like no place on Earth. These old rocks contrast 

nicely with the geologically ñyoungò age of the canyon. Magmatism, volcanism, metamorphism, 

deposition, and erosion are all visible on a grand scale at Grand Canyon, leaving their evidence for 
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the viewer to decipher this planetôs rich geologic history and record of organism evolution over the 

eons. 

Acknowledgments 

We wish to acknowledge the thoughtful and thorough reviews of George Billingsley (USGS, 

Flagstaff, Arizona), for all of his geologic mapping and stratigraphic expertise in GRCA, for being a 

great friend to the NPS for so many years, for being such an expert on GRCA geology, and for 

sharing that expertise through his numerous publications. Allyson Mathis has been another excellent 

source on the stratigraphy for GRCA from her years as an interpretive ranger there and her 

publishing of the ñYardstick of Geologic Timeò; her review of this manuscript led to using more 

definitive sources for sure and for that we are very grateful. Additional thanks to Monica Erdman 

(USGS, Menlo Park, California) for the high-resolution images borrowed from Billingsleyôs photo 

collection. 

Literature Cited 

Atchley, S. C., L. C. Nordt, S. I. Dworkin, J. Ramezani, W. G. Parker, S. R. Ash, and S. A. Bowring. 

2013. A linkage among Pangean tectonism, cyclic alluviation, climate change, and biologic 

turnover in the Late Triassic: The record from the Chinle Formation, southwestern United States. 

Journal of Sedimentary Research 83:1147ï1161. 

Baldwin, C. T., P. K. Strother, J. H. Beck, and E. Rose. 2004. Palaeoecology of the Bright Angel 

Shale in the eastern Grand Canyon, Arizona, USA, incorporating sedimentological, ichnological 

and palynological data. Pages 213ï236 in D. McIlroy, editor. The application of ichnology to 

palaeoenvironmental and stratigraphic analysis. Geological Society, London, United Kingdom. 

Special Publication 228. 

Beus, S. S. 1980. Late Devonian (Frasnian) paleogeography and paleoenvironments in northern 

Arizona. Pages 55ï69 in T. D. Fouch and E. R. Magathan, editors. Paleozoic paleogeography of 

the west-central United States: Rocky Mountain paleogeography symposium 1. Society of 

Economic Paleontologists, Rocky Mountain Section, Denver, Colorado. 

Beus, S. S. 1989. Devonian and Mississippian geology of Arizona. Pages 287ï311 in J. P. Jenney 

and S. J. Reynolds, editors. Geologic evolution of Arizona. Arizona Geological Society Digest 

17. 

Beus, S. S., and M. Morales, editors. 2003. Grand Canyon geology (2nd edition). Oxford University 

Press, New York, New York. 

Beus, S. S., and M. Morales. 2003a. Introducing the Grand Canyon. Pages 1ï8 in S. S. Beus and M. 

Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, New York, New 

York. 

Beus, S. S. 2003a. Temple Butte Formation. Pages 107ï114 in S. S. Beus and M. Morales, editors. 

Grand Canyon geology (2nd edition). Oxford University Press, New York, New York. 



 

67 

 

Beus, S. S. 2003b. Redwall Limestone and Surprise Canyon Formation. Pages 115ï135 in S. S. Beus 

and M. Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, New 

York, New York. 

Beus, S. S., and G. H. Billingsley. 1989. Paleozoic strata of the Grand Canyon, Arizona. Pages 122ï

127 in D. P. Elston, G. H. Billingsley, and R. A. Young, editors. Geology of Grand Canyon, 

northern Arizona (with Colorado River guides): Lees Ferry to Pierce Ferry, Arizona. P. M. 

Hanshaw. Field trips for the 28th international geological congress. American Geophysical Union, 

Washington, D.C. 

Billingsley, G. H. 1997. The Permian clastic sedimentary rocks of northwestern Arizona. Pages 106ï

124 in F. Maldonado and L. D. Nealey, editors. Geologic studies in the Basin and Range-

Colorado Plateau transition in southeastern Nevada, southwestern Utah, and northwestern 

Arizona, 1995. U.S. Geological Survey, Reston, Virginia. Bulletin 2153. 

Billingsley, G. H., and H. M. Hampton. 2000. Geologic map of the Grand Canyon 30ô X 60ô 

Quadrangle, Coconino and Mohave Counties, northwestern Arizona. U.S. Geological Survey, 

Reston, Virginia. Geologic Investigations Series Map I-2688. Scale 1:100000. 

Billingsley, G. H., and E. D. McKee. 1982. Pre-Supai buried valleys. Pages 137ï153 in E. D. 

McKee. The Supai Group of Grand Canyon. U.S. Geological Survey, Washington, D.C. 

Professional Paper 1173. 

Billingsley, G. H., and S. S. Priest. 2013. Geologic map of the Glen Canyon Dam 30ô x 60ô 

Quadrangle, Coconino County, Arizona. U.S. Geological Survey, Reston, Virginia. Scientific 

Investigations Map SIM-3268. Scale 1:100,000. 

Billingsley, G. H., and J. L. Wellmeyer. 2004. Geologic map of the Mount Trumbull 30ô X 60ô 

Quadrangle, Mohave and Coconino Counties, northwestern Arizona. U.S. Geological Survey, 

Reston, Virginia. Geologic Investigations Series Map I-2766. Scale 1:100,000. 

Billingsley, G. H, S. S. Beus, and P. Grover. 1999. Stratigraphy of the Surprise Canyon Formation; 

Chapter B. Pages 9ï16 in G. H. Billingsley and S. S. Beus, editors. Geology of the Surprise 

Canyon Formation of the Grand Canyon, Arizona. Museum of Northern Arizona Bulletin 61. 

Billingsley, G. H., D. L. Block, and H. C. Dyer. 2006a. Geologic map of the Peach Springs 30ô x 60ô 

Quadrangle, Mohave and Coconino Counties, northwestern Arizona. U.S. Geological Survey, 

Reston, Virginia. Scientific Investigations Map SIM-2900. Scale 1:100,000. 

Billingsley, G. H., T. J. Felger, and S. S. Priest. 2006. Geologic map of the Valle 30ô x 60ô 

Quadrangle, Coconino County, northern Arizona. U.S. Geological Survey, Reston, Virginia. 

Scientific Investigations Map SIM-2895. Scale 1:100,000. 

Billingsley, G. H., S. S. Priest, and T. J. Felger. 2007. Geologic map of Wupatki National Monument 

and vicinity, Coconino County, northern Arizona. U.S. Geological Survey, Reston, Virginia. 

Scientific Investigations Map 2958. Scale 1:24,000. 



 

68 

 

Billingsley, G. H., S. S. Priest, and T. J. Felger. 2007. Geologic map of the Cameron 30ô x 60ô 

Quadrangle, Coconino County, northern Arizona. U.S. Geological Survey, Reston, Virginia. 

Scientific Investigations Map SIM-2977. Scale 1:100,000. 

Billingsley, G. H., S. S. Priest, and T. J. Felger. 2008. Geologic map of the Fredonia 30ô x 60ô 

Quadrangle, Mohave and Coconino Counties, northern Arizona. U.S. Geological Survey, Reston, 

Virginia. Scientific Investigations Map SIM-3035. Scale 1:100,000. 

Billingsley, G. H., P. W. Stoffer, and S. S. Priest. 2012. Geologic map of the Tuba City 30ô x 60ô 

Quadrangle, Coconino County, Arizona. U.S. Geological Survey, Reston, Virginia. Scientific 

Investigations Map SIM-3227. Scale 1:50,000. 

Billingsley, G. H., G. Goodwin, S. E. Nagorsen, M. E. Erdman, and J. T. Sherba. 2019. Geologic 

field photograph map of the Grand Canyon region, 1967ï2010. U.S. Geological Survey, Reston, 

Virginia. General Information Product 189. 

Blakey, R. C. 2003. Supai Group and Hermit Formation. Pages 136ï162 in S. S. Beus and M. 

Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, New York, New 

York. 

Blakey, R. C., and R. Knepp. 1989. Pennsylvanian and Permian geology of Arizona. Pages 313ï347 

in J. P. Jenney and S. J. Reynolds, editors. Geologic evolution of Arizona. Arizona Geological 

Society Digest 17. 

Blakey, R. C., and L. T. Middleton. 2012. Geologic history and paleogeography of Paleozoic and 

early Mesozoic sedimentary rocks, eastern Grand Canyon, Arizona. Pages 81ï92 in J. M. 

Timmons and K. E. Karlstrom, editors. Grand Canyon geology; two billion years of Earthôs 

history. Geological Society of America, Boulder, Colorado. Special Paper 489. 

Blakey, R. C., and L. T. Middleton. 1998. Permian rocks in north-central Arizona: A comparison of 

the sections at Grand Canyon and Sedona. Pages 97ï125 in E. D. Deubendorfer, editor. 

Geological excursions in northern and central Arizona. Geological Society of America, Rocky 

Mountain Section, Flagstaff, Arizona. 

Chronic, H. 1952. Molluscan fauna from the Permian Kaibab Formation, Walnut Canyon, Arizona. 

Geological Society of America Bulletin 63(2):95ï165. 

Dehler, C. M., M. E. Elrick, K. E. Karlstrom, G. A. Smith, L. J. Crossey, and M. J. Timmons. 2001. 

Neoproterozoic Chuar Group (~800ï742 Ma), Grand Canyon: A record of cyclic marine 

deposition during global climatic and tectonic transitions. Sedimentary Geology 141ï142:465ï

499. 

Dehler, C. M., S. M. Porter, and J. M. Timmons. 2012. The Neoproterozoic Earth system revealed 

from the Chuar Group of Grand Canyon. Pages 49ï72 in J. M. Timmons and K. E. Karlstrom, 

editors. Grand Canyon geology; two billion years of Earthôs history. Geological Society of 

America, Boulder, Colorado. Special Paper 489. 



 

69 

 

Dehler, C., G. Gehrels, S. Porter, M. Heizler, K. Karlstrom, G. Cox, L. Crossey, and M. Timmons. 

2017. Synthesis of the 780-740 Ma Chuar, Uinta Mountain, and Pahrump (ChUMP) groups, 

western USA; implications for Laurentia-wide cratonic marine basins. Geological Society of 

America Bulletin 129(5ï6):607ï624. 

Dickinson, W. R., and G. E. Gehrels. 2009. Insights into North American paleogeography and 

paleotectonics from U-Pb ages of detrital zircons in Mesozoic strata of the Colorado Plateau, 

USA. International Journal of Earth Sciences 99:1247ï1265. 

Elston, D. P. 1979. Late Precambrian Sixtymile Formation and orogeny at top of the Grand Canyon 

Supergroup, northern Arizona. U.S. Geological Survey, Washington, D.C. Professional Paper 

1092. 

Elston, D. P. 1989a. Middle and late Proterozoic Grand Canyon Supergroup, Arizona. Pages 94ï105 

in D. P. Elston, G. H. Billingsley, and R. A. Young, editors. Geology of Grand Canyon, northern 

Arizona (with Colorado River guides): Lees Ferry to Pierce Ferry, Arizona. P. M. Hanshaw. 

Field trips for the 28th international geological congress. American Geophysical Union, 

Washington, D.C. 

Elston, D. P. 1989b. Correlations and facies changes in lower and middle Cambrian Tonto Group, 

Grand Canyon, Arizona. P. Pages 131ï136 in D. P. Elston, G. H. Billingsley, and R. A. Young, 

editors. Geology of Grand Canyon, northern Arizona (with Colorado River guides): Lees Ferry to 

Pierce Ferry, Arizona. P. M. Hanshaw. Field trips for the 28th international geological congress. 

American Geophysical Union, Washington, D.C. 

Ford, T. D., and C. M. Dehler. 2003. Grand Canyon Supergroup: Nankoweap Formation, Chuar 

Group, and Sixtymile Formation. Pages 53ï75 in S. S. Beus and M. Morales, editors. Grand 

Canyon geology (2nd edition). Oxford University Press, New York, New York. 

Gordon, M., Jr. 1982. Biostratigraphy of the Watahomigi Formation. Pages 113ï135 in E. D. McKee. 

The Supai Group of Grand Canyon. U.S. Geological Survey, Washington, D.C. Professional 

Paper 1173. 

Henderek, R. L., V. L. Santucci, B. Rizner, J. Tweet, and J. R. Wood. 2017. Wupatki National 

Monument paleontological resources inventory. Natural Resource Report NPS/WUPA/NRR-

2017/1524. 

Hendricks, J. D., and G. M. Stevenson. 2003. Grand Canyon Group Supergroup: Unkar Group. Pages 

39ï52 in S. S. Beus and M. Morales, editors. Grand Canyon geology (2nd edition). Oxford 

University Press, New York, New York. 

Hereford, R. 1977. Deposition of the Tapeats Sandstone (Cambrian) in central Arizona. Geological 

Society of America Bulletin 88(2):199ï211. 



 

70 

 

Hopkins, R. L., and K. L. Thompson. 2003. Kaibab Formation. Pages 196ï211 in S. S. Beus and M. 

Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, New York, New 

York. 

Hunt, A. P., S. G. Lucas, V. L. Santucci, and D. K. Elliot. 2005. Permian vertebrates of Arizona. 

New Mexico Museum of Natural History and Science Bulletin 29:10ï15. 

Huntoon, P. W. 1989. Cambrian stratigraphic nomenclature, Grand Canyon, Arizona: Mappers 

nightmare. Pages 128ï129 in D. P. Elston, G. H. Billingsley, and R. A. Young, editors. Geology 

of Grand Canyon, northern Arizona (with Colorado River guides): Lees Ferry to Pierce Ferry, 

Arizona. P. M. Hanshaw. Field trips for the 28th international geological congress. American 

Geophysical Union, Washington, D.C. 

Jenson, J. 1986. Stratigraphy and facies analysis of the upper Kaibab and lower Moenkopi formations 

in Southwest Washington County, Utah. Geology Studies 33(1):21ï43. 

Karlstrom, K. E., B. R. Ilg, M. L. Williams, D. P. Hawkins, S. A. Bowring, and S. J. Seaman. 2003. 

Paleoproterozoic rocks of the granitic gorges. Pages 9ï38 in S. S. Beus and M. Morales, editors. 

Grand Canyon geology (2nd edition). Oxford University Press, New York, New York. 

Karlstrom, K., and L. Crossey. 2019. The Grand Canyon Trail of Time companion: Geology 

essentials for your canyon adventure. Four Colour Printing, Korea. 

Karlstrom, K., J. Hagadorn, G. Gehrels, W. Matthews, M. Schmitz, L. Madronich, J. Mulder, M. 

Pecha, D. Giesler, and L. Crossey. 2018. Cambrian Sauk transgression in the Grand Canyon 

region redefined by detrital zircons. Nature Geoscience 11:438ï443. 

Karlstrom, K. E., M. T. Mohr, M. D. Schmitz, F. A. Sundberg, S. M. Rowland, R. Blakey, J. R. 

Foster, L. J. Crossey, C. M. Dehler, and J. W. Hagadorn. 2020. Redefining the Tonto Group of 

Grand Canyon and recalibrating the Cambrian timescale. Geology in press. doi: 

https://doi.org/10.1130/G46755.1. 

Kent, D. V., P. E. Olsen, C. Lepre, C. Rasmussen, R. Mundil, G. E. Gehrels, D. Giesler, R. B. Irmis, 

J. W. Geissman, and W. G. Parker. 2019. Magnetochronology of the entire Chinle Formation 

(Norian age) in a scientific drill core from Petrified Forest National Park (Arizona, U.S.A.) and 

implications for regional and global correlations in the Late Triassic. Geochemistry, Geophysics, 

Geosystems 20(11):4654ï4664. 

Klein, H., and S. G. Lucas. 2010. Tetrapod footprints ï their use in biostratigraphy and 

biochronology of the Triassic. Pages 419ï446 in S. G. Lucas, editor. The Triassic timescale. 

Geological Society of London, London, United Kingdom. Special Publication 334. 

Lucas, S. G. 2010. The Triassic timescale based on nonmarine tetrapod biostratigraphy and 

biochronology. Pages 447ï500 in S. G. Lucas, editor. The Triassic timescale. Geological Society 

of London, London, United Kingdom. Special Publication 334. 

https://doi.org/10.1130/G46755.1


 

71 

 

Martz, J. W, and W. G. Parker. 2017. Revised formulation of the Late Triassic Land Vertebrate 

ñFaunachronsò of western North America: Recommendations for codifying nascent systems of 

vertebrate biochronology. Pages 39ï124 in K. E. Zeigler and W. G. Parker, editors. Terrestrial 

depositional systems: Deciphering complexities through multiple stratigraphic methods. Elsevier, 

Oxford, United Kingdom. 

Mather, T. J. 1970. Stratigraphy and paleontology of Kaibab Formation (Permian), Mogollon rim 

region, Arizona. Journal of Sedimentary Petrology 40(2):770ï771. 

Mathis, A., and C. Bowman. 2007. Telling time at Grand Canyon National Park. Park Science 

24(2):78ï83. 

Mathis, A. 2006. Grand Canyon yardstick of geologic time: A guide to the canyonôs geologic history 

and origin. Grand Canyon Association, Grand Canyon, Arizona. 

McKee, E. D. 1938. The environment and history of the Toroweap and Kaibab formations of 

northern Arizona and southern Utah. Carnegie Institution of Washington Publication 492. 

McKee, E. D. 1945. Stratigraphy and ecology of the Grand Canyon Cambrian. Pages 5ï168 in E. D. 

McKee and C. E. Resser. Cambrian history of the Grand Canyon region. Carnegie Institution of 

Washington Publication 563. 

McKee, E. D. 1954. Stratigraphy and history of the Moenkopi Formation of Triassic age. Geological 

Society of America Memoir 61. 

McKee, E. D. 1963. Nomenclature for lithologic subdivisions of the Mississippian Redwall 

Limestone, Arizona: Article 65. Pages C21ïC22 in Geological Survey Research 1963. U.S. 

Geological Survey, Washington, D.C. Professional Paper 475-C. 

McKee, E. D. 1975. The Supai Group: Subdivision and nomenclature. U.S. Geological Survey, 

Washington, D.C. Bulletin 1395-J. 

McKee, E. D. 1982a. The Supai Group of Grand Canyon. U.S. Geological Survey, Washington, D.C. 

Professional Paper 1173. 

McKee, E. D. 1982b. Stratigraphy and lithology. Pages 29ï50 in E. D. McKee. The Supai Group of 

Grand Canyon. U.S. Geological Survey, Washington, D.C. Professional Paper 1173. 

McKee, E. D. 1982c. Introductory summary. Pages 21ï27 in E. D. McKee. The Supai Group of 

Grand Canyon. U.S. Geological Survey, Washington, D.C. Professional Paper 1173. 

McKee, E. D. 1982d. Distribution and age of flora and fauna. Pages 75ï112 in E. D. McKee. The 

Supai Group of Grand Canyon. U.S. Geological Survey, Washington, D.C. Professional Paper 

1173. 

McKee, E. D., and R. C. Gutschick. 1969a. History of the Redwall Limestone of northern Arizona. 

Geological Society of America, Boulder, Colorado. Memoir 114. 



 

72 

 

McKee, E. D., and R. C. Gutschick. 1969b. Introduction. Pages 1ï11 in E. D. McKee and R. C. 

Gutschick. History of the Redwall Limestone of northern Arizona. Geological Society of 

America, Boulder, Colorado. Memoir 114. 

McKee, E. D., and R. C. Gutschick. 1969c. Interpretation of environments. Pages 553ï570 in E. D. 

McKee and R. C. Gutschick. History of the Redwall Limestone of northern Arizona. Geological 

Society of America, Boulder, Colorado. Memoir 114. 

McKee, E. D., and R. C. Gutschick. 1969d. Sequence of sediments and unconformities. Pages 13ï95 

in E. D. McKee and R. C. Gutschick. History of the Redwall Limestone of northern Arizona. 

Geological Society of America, Boulder, Colorado. Memoir 114. 

McKee, E. D., and R. C. Gutschick. 1969e. The Redwall faunas. Pages 125ï172 in E. D. McKee and 

R. C. Gutschick. History of the Redwall Limestone of northern Arizona. Geological Society of 

America, Boulder, Colorado. Memoir 114. 

McKee, E. D., and C. E. Resser. 1945. Cambrian history of the Grand Canyon region. Carnegie 

Institution of Washington Publication 563. 

Middleton, L. T. 1989. Cambrian and Ordovician depositional systems in Arizona. Pages 273ï286 in 

J. P. Jenney and S. J. Reynolds, editors. Geologic evolution of Arizona. Arizona Geological 

Society Digest 17. 

Middleton, L. T., and D. K. Elliott. 2003a. Tonto Group. Pages 90ï106 in S. S. Beus and M. 

Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, New York, New 

York. 

Middleton, L. T., D. K. Elliott, and M. Morales. 2003b. Coconino Sandstone. Pages 163ï179 in S. S. 

Beus and M. Morales, editors. Grand Canyon geology (2nd edition). Oxford University Press, 

New York, New York. 

Morales, M. 2003. Mesozoic and Cenozoic Strata of the Colorado Plateau near the Grand Canyon. 

Pages 212ï221 in S. S. Beus and M. Morales, editors. Grand Canyon geology (2nd edition). 

Oxford University Press, New York, New York. 

Mulder, J. A., K. E. Karlstrom, K. Fletcher, M. T. Heizler, J. M. Timmons, L. J. Crossey, G. E. 

Gehrels, and M. Pecha. 2017. The syn-orogenic sedimentary record of the Grenville Orogeny in 

southwest Laurentia. Precambrian Research 294:33ï52. 

Nesbitt, S. J. 2000. A preliminary report on new vertebrate fossil sites, including a microsite from the 

Holbrook Member of the Moenkopi Formation, Holbrook, Arizona. Mesa Southwest Museum 

Bulletin 7:17ï30. 

Nesbitt, S. J. 2005a. Stratigraphy and tetrapod fauna of major quarries in the Moenkopi Formation 

(Early-Middle Triassic) along the Little Colorado River of northern Arizona. Mesa Southwest 

Bulletin 11:18ï33. 



 

73 

 

Nesbitt, S. J. 2005b. Osteology of the Middle Triassic pseudosuchian archosaur Arizonasaurus 

babbitti. Historical Biology 17:19ï47. 

Noble, L. F. 1922. A section of the Paleozoic formations of the Grand Canyon at Bass Trail. Pages 

23ï73 in Shorter contributions to general geology, 1922. U.S. Geological Survey, Washington, 

D.C. Professional Paper 131-B. 

Rawson, R. R., and C. E. Turner. 1974. The Toroweap Formation: A new look. Pages 155ï190 in T. 

N. V. Karlstrom, G. A. Swann, and R. L. Eastwood, editors. Geology of northern Arizona, with 

notes on archaeology and paleoclimate. Geological Society of America, Rocky Mountain 

Section, Flagstaff, Arizona. Guidebook 27, Part 1, regional studies. 

Repenning, C. A., M. E. Cooley, and J. P. Akers. 1969. Stratigraphy of the Chinle and Moenkopi 

Formations, Navajo and Hopi Indian Reservations. U.S. Geological Survey, Washington, D.C. 

Professional Paper 521-B. 

Riggs, N. R., Z. A. Oberling, E. R. Howell, W. G. Parker, A. P. Barth, M. R. Cecil, and J. W. Martz. 

2016. Sources of volcanic detritus in the basal Chinle Formation, southwestern Laurentia, and 

implications for the Early Mesozoic magmatic arc. Geosphere 12:439ï463. 

Rooney, A. D., J. Austermann, E. F. Smith, Y. Li, D. Selby, C. M. Dehler, M. D. Schmitz, K. E. 

Karlstrom, and F. A. Macdonald. 2018. Coupled Re-Os and U-Pb geochronology of the Tonian 

Chuar Group, Grand Canyon. Geological Society of America Bulletin 130(7ï8):1085ï1098. 

Rowland, S. M. 1987. Paleozoic stratigraphy of Frenchman Mountain, Clark County, Nevada. Pages 

53ï56 in Hill, M. L., editor. Cordilleran section of the Geological Society of America. 

Geological Society of America, Boulder, Colorado. Centennial Field Guide 6. 

Sorauf, J. E., and G. H. Billingsley. 1991. Members of the Toroweap and Kaibab formations, Lower 

Permian, northern Arizona and southwestern Utah. The Mountain Geologist 28(1):9ï24. 

Spamer, E. E. 1984. Paleontology in the Grand Canyon of Arizona: 125 years of lessons and enigmas 

from the late Precambrian to the present. The Mosasaur 2:45ï128. 

Stewart, J. H., F. G. Poole, and R. F. Wilson. 1972a. Stratigraphy and origin of the Moenkopi 

Formation and related strata in the Colorado Plateau region. U.S. Geological Survey, 

Washington, D.C. Professional Paper 691. 

Stewart, J. H., F. G. Poole, and R. F. Wilson. 1972b. Stratigraphy and origin of the Chinle Formation 

and related Upper Triassic strata in the Colorado Plateau region. U.S. Geological Survey, 

Washington, D.C. Professional Paper 690. 

Timmons, J. M., K. E. Karlstrom, C. M. Dehler, J. W. Geissman, and M. T. Heizler. 2001. 

Proterozoic multistage (ca. 1.1 and 0.8 Ga) extension recorded in the Grand Canyon Supergroup 

and establishment of northwest- and north-trending tectonic grains in the southwestern United 

States. Geological Society of America Bulletin 113(1):163ï181. 



 

74 

 

Timmons, J. M., K. E. Karlstrom, M. T. Heizler, S. A. Bowring, G. E. Gehrels, and L. J. Crossey. 

2005. Tectonic inferences from the ca. 1255-1100 Ma Unkar Group and Nankoweap Formation, 

Grand Canyon: Intracratonic deformation and basin formation during protracted Grenville 

orogenesis. Geological Society of America Bulletin 117(11ï12):1573ï1595. 

Timmons, J. M., J. Bloch, K. Fletcher, K. E. Karlstrom, M. Heizler, and L. J. Crossey. 2012. The 

Grand Canyon Unkar Group; Mesoproterozoic basin formation in the continental interior during 

supercontinent assembly. Pages 25ï47 in J. M. Timmons and K. E. Karlstrom, editors. Grand 

Canyon geology; two billion years of Earthôs history. Geological Society of America, Boulder, 

Colorado. Special Paper 489. 

Turner, C. E. 2003. Toroweap Formation. Pages 180ï195 in S. S. Beus and M. Morales, editors. 

Grand Canyon geology (2nd edition). Oxford University Press, New York, New York. 

Tweet, J. S., V. L. Santucci, J. P. Kenworthy, and A. L. Mims. 2009. Paleontological resource 

inventory and monitoringðSouthern Colorado Plateau Network. Natural Resource Technical 

Report. NPS/NRPC/NRTRð2009/245. Natural Resource Program Center. Fort Collins, 

Colorado. 

Wanless, H. R. 1973. Cambrian of the Grand Canyon: A reevaluation. The American Association of 

Petroleum Geologists Bulletin 57(4):810ï811. 

Welles, S. P. 1947. Vertebrates from the Upper Moenkopi Formation of northern Arizona. University 

of California Publication 27:241ï294. 

Welles. S. P. 1969. Collecting Triassic vertebrates in the Plateau Province. Journal of the West 

8:231ï246. 

White, C D. 1927. Study of the fossil floras in the Grand Canyon, Arizona. Carnegie Institution of 

Washington Year Book 26:366ï369. 

White, C. D. 1929. Flora of the Hermit shale, Grand Canyon, Arizona. Carnegie Institution of 

Washington Publication 405. 



 

75 

 

Chapter 4. Precambrian Paleontology of Grand Canyon 

National Park 

By Justin Tweet1 

1National Park Service  

9149 79th Street S.  

Cottage Grove, Minnesota 55016 

Introduction 

The Precambrian paleontology of Grand Canyon National Park (GRCA) is fundamentally unlike the 

paleontology of any other portion of the parkôs substantial stratigraphic column. There are no shells, 

teeth, bones, footprints, leaves, or similar large fossils. The only fossils visible to the naked eye are 

layered structures left by microbial mats and the very largest of a diverse assemblage of microfossils. 

The tools of choice are not shovels and picks, but chemical treatments and powerful microscopes. 

Very few visitors would be able to spot a Precambrian fossil. Notwithstanding the humble, 

inconspicuous nature of these fossils, they offer important glimpses at two stages in the development 

of life, approximately 1,250 to 1,100 mill ion years ago (Ma) and 780 to 730 Ma, long before the 

appearance of familiar multicellular organisms with hard parts. The Precambrian fossils of GRCA 

are the oldest fossils of the park and include type specimens for 18 taxa (Appendix 4-B), such as the 

organic-walled microfossil Chuaria circularis and species of Melanocyrillium, the first described 

vase-shaped microfossil, as well as the notable pseudofossil (resembling a fossil but inorganic in 

origin) Brooksella canyonensis, first described as a possible jellyfish. They also have a place in the 

history of Precambrian paleontology, from Charles Walcottôs early explorations to the present. 

History of Research 

An excellent summary of the early Precambrian paleontology of GRCA can be found in Spamer 

(1984). Although Powell (1876) and White (1876) briefly mentioned potential fossils in the Grand 

Canyon Supergroup (at that time defined as a group), the study of Precambrian fossils at GRCA was 

pioneered by Charles Doolittle Walcott in the 1880s and 1890s. The study of Precambrian fossils in 

general was just beginning, and Walcott made several misidentifications among his more lasting 

discoveries (see also ñNotable Pseudofossils and Dubiofossilsò below). For example, his erroneous 

identifications of several ñfossilsò led him to initially  regard the Chuar Group as Cambrian in age 

(Walcott 1883). Of his initial assemblage, only the ñstromatoporoidsò (stromatolites) and some of the 

ñbrachiopodsò (Chuaria) proved to be legitimate fossils, and he retreated on several of the 

identifications later (Walcott 1899). Walcott (1899) includes stratigraphic descriptions of the Grand 

Canyon Supergroup and the description of Chuaria circularis (Figure 4-1). Dawson (1897) also gave 

the name Cryptozoon occidentale to an example of Walcottôs ñstromatoporoidsò during this time 

frame. 

After the 1890s, Walcottôs attention turned to other topics, including the overlying Cambrian strata at 

GRCA, and little research on Precambrian fossils at GRCA was conducted until the 1920s. Toward 

the end of the 1920s, David White briefly mentioned some fossils and potential fossils from the 
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Precambrian rocks of GRCA alongside his research on later Paleozoic plant fossils from the canyon 

(White 1927, 1928a, 1928b, 1929). Because of Whiteôs paleobotanical focus, the Precambrian fossils 

and pseudofossils he described were primarily stromatolites, due to their ñalgalò origin, and 

ñfucoidsò, a now-obsolete term for what were then thought to be seaweeds. ñFucoidsò as a whole are 

now known to include various invertebrate burrows and burrow-like sedimentary features such as 

mud cracks, and the Precambrian ñfucoidsò appear to be inorganic features. 

 

Figure 4-1. Chuaria circularis depicted in Walcott (1899: Plate 27:12). C. circularis specimens are up to 5 

mm (0.2 in) across, making them the largest of GRCAôs Precambrian body fossils. 

Between the 1920s and 1970s, most of the work on GRCA Precambrian paleontology focused on 

objects now generally regarded as pseudofossils. The most significant of these is the long-

controversial Brooksella canyonensis from the Nankoweap Formation, which was first interpreted as 

a potential jellyfish (Van Gundy 1937, 1951; Bassler 1941). A running dialog on the interpretation of 

various enigmatic features took place in the literature (e.g., Seilacher 1956; Alf  1959; Cloud 1968; 

Glaessner 1969; Nitecki 1971). Toward the end of the 1960s, Ford et al. (1969) published initial 

work toward a complete stratigraphic re-evaluation of the Chuar Group, and Downie (1969) 

published a brief discussion of microfossils from these rocks, an area of research that would become 

increasingly significant. 

Beginning with the late 1960s publications, paleontological work in the Precambrian of GRCA has 

focused on the microfossils of the Kwagunt and Galeros formations of the Chuar Group. Many 

advances and discoveries were published during the 1970s, including: the formal division of the 

Chuar Group (Ford and Breed 1973a); the redescription of Chuaria circularis (Ford and Breed 

1973b, 1977); the first report of GRCA filamentous fossils (Schopf et al. 1973); and the initial 

description of vase-shaped microfossils (Bloeser et al. 1977). Since the 1970s, Precambrian research 

at GRCA has documented fossils including acritarchs and other organic-walled microfossils (Vidal 

and Ford 1985; Nagy et al. 2009; Porter and Riedman 2016), filaments (Horodyski and Bloeser 

1983), vase-shaped microfossils (Bloeser 1985; Porter and Knoll 2000; Porter et al. 2003), and 

apparent puncture traces (Porter 2016a). Chemical biomarkers have also been studied (Summons et 

al. 1988; Brocks et al. 2016). In recent years there have also been re-assessments of the Nankoweap 

Formation (Dehler et al. 2017) and Sixtymile Formation (Karlstrom et al. 2018), finding both to be 

younger than originally thought. In the case of the Sixtymile Formation, it is now known to be 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































