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Executive Summary 

Scientific interest in Chaco Canyon began in the mid-19th century when United States military 

expeditions reported on the vast archeological resources in and around the current boundaries of the 

national historical park. Since then, Chaco Canyon has become one of the most important centers for 

archeological research in the world, and is also a World Heritage Site location. Perhaps partly due to 

the intense archeological focus, paleontological studies were largely ignored in the canyon, despite 

the obvious presence of fossils. Sporadic paleontological studies occurred throughout the 20th 

century, and recent paleontological surveys have begun to reveal the fossil resources of the canyon, 

which are much more abundant, diverse, and scientifically significant than previously realized. 

Cretaceous fossils at Chaco Culture National Historical Park (CHCU) represent approximately 10ï15 

million years of the history of life on Earth (about 90 to 75 million years ago), and document the 

biologically diverse populations of the ancient ecosystems. The rock units within CHCU represent 

repeated transgressive (marine advance) and regressive (marine retreat) depositional cycles of the 

Western Interior Seaway, providing a unique opportunity to study the ancient and dynamic 

relationships between the terrestrial on-shore and marine off-shore environments, including 

numerous fossil specimens that have not yet been scientifically described. 

From oldest to youngest, the geologic formations at CHCU include the Crevasse Canyon Formation, 

the Menefee Formation, the Cliff House Sandstone, the Lewis Shale, and the Pictured Cliffs 

Sandstone. The Crevasse Canyon, Cliff House, and Pictured Cliffs Formations primarily represent 

nearshore marine environments, the Lewis Shale represents an offshore marine environment, and the 

Menefee Formation represents a terrestrial environment. Overlying Pleistocene and Holocene alluvial 

deposits make up the canyon floor upon which much of the Chacoan world was built. 

Marine rock units contain the remains of abundant marine life, including bivalves, gastropods, 

cephalopods, echinoderms, sharks, bony fish, and marine reptiles. Invertebrate trace fossils and plant 

material, including impressions of woody debris and logs, are preserved in the marine rocks. 

Terrestrial rock units contain the remains of abundant petrified trees and logs, several types of turtles 

and dinosaurs, and crocodiles. More than 120 species of fossils have been reported from Cretaceous 

rocks at CHCU, the majority being fossil invertebrates from the Cliff House Sandstone. The 

abundance of undescribed fossils at CHCU offers an opportunity to discover and describe additional 

and new fossil taxa, aiding in the understanding of the evolution of life on Earth. 

Quaternary fossils were found from extensive archeological excavations, especially during the Chaco 

Project (1960sï1980s). More than 270 Quaternary species have been identified from pollen analyses, 

packrat midden studies, and site excavations. A notable fossil is an extinct species of rabbit brush 

(Chrysothamnus pulchelloides), which is thought to have gone extinct due to human practices that 

contributed to desertification of the environment. Understanding the differences between modern and 

ancient ecosystems may shed light on the human impact on the environment, the conditions that may 

have attracted the Ancestral Puebloans to the canyon, and what may have contributed to their 

eventual departure from the canyon. 
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Introduction 

Originally proclaimed as Chaco Canyon National Monument in 1907 to preserve sites of the 

prehistoric Chaco culture, the monument was expanded and re-designated as Chaco Culture National 

Historical Park (CHCU) in 1980 to recognize the interconnections between the park and its 130,000 

km2 (50,000 mi2) area of influence. CHCU encompasses more than 13,700 hectares (34,000 acres) 

and contains more than 4,000 recorded archeological sites within four park units (Figure 1), 

including the main Chaco Canyon unit (Figure 2) and three smaller detached units: Kin Bineola, 

Pueblo Pintado, and Kin Yaôa. The park is nationally and internationally significant and is listed in 

the National Register of Historic Places (1966) and as a United Nations Educational, Scientific, and 

Cultural Organization (UNESCO) World Heritage Site (1987) that includes Aztec Ruins National 

Monument (National Park Service) and five smaller Chacoan sites managed by the Bureau of Land 

Management. 

 

Figure 1. Map of CHCU, including the main unit (Chaco Canyon unit) and three detached units (Kin 

Bineola, Pueblo Pintado, and Kin Yaôa units). Map extracted from KellerLynn (2015). 

Chaco Canyon is located in the San Juan Basin of northwestern New Mexico (San Juan and 

McKinley counties). The canyon was a major center of trade, political activity, and spiritual 

ceremonies in a vast cultural complex that dominated the region from the middle 9th to early 13th 

centuries C.E. It is remarkable for its monumental buildings and distinctive great houses (large multi-

storied stone structures). Many of the great houses were built near the base or on top of the vertical 

sandstone cliffs of the Cliff House Sandstone, or on top of the Menefee Formation (Mesaverde 

Group), which are part of a suite of rocks deposited during the Late Cretaceous. 

The permanent retreat of the Cretaceous Western Interior Seaway left behind an abundance and wide 

variety of marine and terrestrial fossils throughout the park. CHCUôs location along the seawayôs 

former migrating shoreline provides a rare opportunity to study remnants of its ancient and dynamic 

near-shore environment, including numerous fossil specimens that have not yet been scientifically 
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described. Preliminary analysis indicates a high potential to discover and identify scientifically 

significant specimens, particularly in the Cliff House and Menefee formations that contain high 

concentrations of well-preserved fossils. 

 

Figure 2. Detailed map of Chaco Canyon unit of CHCU (NPS Map). 

Significance of Paleontological Resources at CHCU 

Paleontological resources at CHCU represent approximately 10ï15 million years of the history of life 

on Earth, and represent the populations of diverse and complex extinct ecospheres. Paleontological 

resources are widespread geographically and stratigraphically, and may occur in every geologic 

formation present in the park. CHCU is situated on a series of Upper Cretaceous terrestrial and 

marine rock units that represent repeated transgressive (marine advance) and regressive (marine 

retreat) depositional cycles of the Western Interior Seaway. All rock formations at CHCU are 

sedimentary and therefore have potential for paleontological resources. Many of these fossils occur 

in situ in their geologic context, and some occur in a cultural resource context. 

Initial assessments of vertebrate skeletal remains indicate that any diagnostic elements may represent 

previously unknown species, especially within the Menefee Formation. Invertebrate species provide 

important biostratigraphic context for regional geologic correlation and the understanding of 

paleoenvironments of the Late Cretaceous. Fossil plants, especially the abundance of fossil trees at 

CHCU, may provide important information on the early evolution of angiosperm trees, which marks 

a significant shift of plant diversity on Earth. 

The formations in which these fossils occur have been largely understudied in the Four Corners area, 

a region that is world-renowned for its paleontological resources. Given the documented density and 

geographical distribution of fossils and the relatively understudied strata in which they occur, as well 

as the preserved interface between terrestrial and marine paleoenvironments, preliminary evaluations 
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of the significance of paleontological resources at Chaco indicate that there is high potential for these 

fossils to be much more scientifically significant than previously recognized. 

Purpose and Need 

The NPS is required to manage its lands and resources in accordance with federal laws, regulations, 

management policies, guidelines, and scientific principles. Paleontological resources are non-

renewable remains of past life preserved in a geologic context. At present, there are 419 official units 

of the National Park System, plus national rivers, national trails, and various other affiliated units. Of 

these, at least 271 are known to have some form of paleontological resources, and paleontological 

resources are mentioned in the enabling legislation of 17 units. Fossils possess scientific and 

educational values and are of great interest to the public; therefore, it is exceedingly important that 

appropriate management attention be placed on protecting, monitoring, collecting, and curating 

paleontological specimens from federal lands. 

The completion of a baseline paleontological inventory for CHCU was identified as a need in the 

parkôs foundation document (National Park Service 2015). This paleontological resource inventory 

has been developed in order to compile information regarding the scope, significance, distribution, 

and management issues associated with fossil resources present within CHCU. The information 

presented within this report is intended to increase awareness of park fossils and paleontological 

issues in order to facilitate future research and to inform management decisions and actions that 

comply with all relevant laws, directives, and policies. 

Project Objectives 

The primary objective of this report is to present results from all known past and current 

paleontology work at CHCU. Methods and tasks addressed in this inventory report include: locating, 

identifying, and documenting paleontological resource localities through field reconnaissance using 

photography, GPS data, and standardized forms; relocating and assessing historical and other known 

localities; and assessing collections of CHCU fossils maintained within the park collections and in 

outside repositories. A thorough search was conducted for relevant publications, unpublished 

geologic notes, and outside fossil collections from CHCU. Historical data are presented alongside 

newly discovered data. 

Baseline Paleontology Resource Data Inventories 

A baseline inventory of paleontological resources is critical for implementing effective management 

strategies, as it provides information for decision-making. This inventory report has compiled 

information on previous paleontological research done in and near CHCU, taxonomic groups that 

have been reported within CHCU boundaries, and localities that were previously reported. This 

report can serve as a baseline source of information for future research, inventory reports, 

monitoring, and paleontological decisions. The Paleontological Resource Inventory and Monitoring 

report for the Southern Colorado Plateau Network (Tweet et al. 2009) and the references cited within 

were important baseline paleontological resource data sources for this CHCU Paleontological 

Resources Inventory Report. Paleontological site data is managed by the Resources Division at 

CHCU. This data consists of individual site files, photographs, databases, and condition assessments 

that contain sensitive information and are not available to the public. 
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History of Paleontological Work at CHCU 

Early geologic surveys by Holmes (1877) provide the basis for understanding the geology of Chaco 

Canyon. The geologic formations in Chaco Canyon exhibit the same characteristics as the rocks 

described as the Mesaverde Group by Holmes from exposures in the Mesa Verde area of 

southwestern Colorado. Holmes described three divisions of the Mesaverde Group: the ñlower 

escarpment sandstoneò, the ñmiddle coal groupò, and the ñupper escarpment sandstoneò. These 

divisions were named by Collier (1919) as the Point Lookout Sandstone (not present in CHCU), 

Menefee Formation, and Cliff House Sandstone, respectively (Reeside and Knowlton 1924). 

Overlying the Mesaverde Group are the Lewis Shale, named by Cross (1899) from exposures near 

Fort Lewis, Colorado, and the Pictured Cliffs Sandstone, named by Holmes (1877) for exposures 

north of the San Juan River near Fruitland, New Mexico. 

Paleontological interest in areas of the San Juan Basin north of CHCU dates back as far as the early 

1880s when Edward Drinker Cope described fossils from collections made by David Baldwin 

(Gilmore 1916). The type specimen for Aspideretes (Trionyx) singularis was collected from a 

locality at ñChaco Canyonò by Baldwin in 1883 from the ñTorrejon bedsò. The type specimen for 

Naiadochelys ingravata was collected at ñChaco Canyonò by Professor F. W. Putnam in 1900 from 

the ñLaramie bedsò (Hay 1908). In 1906, George Pepper reported dinosaur remains near Ojo Alamo 

Trading Post at ñChaco Ca¶onò during the Hyde Expedition (Brown 1910). It should be noted that 

the nomenclature used by late 19th and early 20th century researchers is not necessarily used today, 

and place names or geologic formations may be more broadly used. For example, Brown (1910) 

described the Ojo Alamo Trading Post as at ñChaco Ca¶onò, but it is not located within the 

boundaries of CHCU. Likewise, the Torrejon and Laramie beds refer to terrestrial Paleogene and 

Upper Cretaceous geologic formations that are not present at CHCU, placing these localities outside 

of Chaco Canyon proper. CHCU was not established until 1906, so early references to ñChaco 

Canyonò may refer to areas outside of the present day park boundaries. 

The first significant scientific investigations at CHCU were part of the Hyde Exploring Expedition 

(1896ï1901), which primarily focused on archeological investigations. In 1900, Professor Richard E. 

Dodge completed a small geologic study of the arroyo at the ruins of Pueblo Bonito, and his results 

were published in the outline of the expedition report (Pepper and Nelson 1920). In his report, Dodge 

indicated that he gave up on studying the arroyo in favor of studying the ruin to aid in future work in 

the arroyo. He did map the cliff profile and surface streams, however. 

One of the earliest documented fossil collections in Chaco Canyon comes from Charles Sternberg in 

1921. Sternberg was drawn to the San Juan Basin of New Mexico thanks in part to the work of 

Gilmore (1916) in the Ojo Alamo, Kirtland, and Fruitland Formations. Sternberg was also 

encouraged by Edgar Lee Hewett, an archeologist who would later direct University of New Mexico 

Field School excavations at Chetro Ketl (Chaco Canyon). Sternberg arrived in Thoreau, New Mexico 

and drove to Chaco Canyon on June 14, 1921. There, he and his assistant John Bender found 

Inoceramus fossils at a site in ñPueblo Bonitaò that he later tried to sell to Dr. Carl Wiman 

(University of Uppsala, Sweden), who had hired Sternberg to collect Cretaceous vertebrate fossils in 
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the San Juan Basin (Hunt et al. 1992). The fossils were never sold, and Sternberg would later work in 

the more fossiliferous areas north of Chaco Canyon. The whereabouts of any fossils collected by 

Sternberg from Chaco Canyon are currently unknown. 

Over the next century to the present day, Upper Cretaceous formations like the Fruitland, Kirkland, 

and Ojo Alamo formations north of Chaco Canyon would be the subjects of intense paleontological 

research. These formations, not found in CHCU, were deposited immediately after the geologic units 

exposed in the park. Given the immense archeological focus within Chaco Canyon and the intensive 

paleontological focus north of Chaco Canyon, few paleontological investigations were conducted 

within the geologic formations present in CHCU. 

Additional paleontological investigations at Chaco Canyon were conducted by Reeside and 

Knowlton (1924) as part of a larger study of the Upper Cretaceous and Tertiary strata in the San Juan 

Basin of Colorado and New Mexico. Reeside and Knowlton report approximately 25 fossil taxa 

(mostly gastropods and bivalves) at a locality (USGS 9743) described as being located ñ3 miles east 

of Pueblo Bonito, N. Mex. Horizon 40 feet above base of the Cliff House sandstone.ò This locality 

description is characteristic of many areas within Chaco Canyon, but without more specific 

information, the exact location may never be known. See Appendix Table A-1 for the taxa observed. 

In 1924 and 1925, Kirk Bryan studied the geologic history of Chaco Canyon, based in part on some 

of Dodgeôs previous work. Bryanôs work was proposed on the initiative of Neil M. Judd of the 

National Geographic Societyôs Pueblo Bonito Expeditions and recommended by John C. Merriam, 

then president of the Carnegie Institution of Washington. The survey was intended to relate the 

recent geology to the life of prehistoric people who inhabited Chaco Canyon (Bryan 1954). Due to 

the intense interest in cultural resources at Chaco Canyon, most of this geologic work was conducted 

within the context of archeological investigations and primarily focused on the Quaternary history. 

The University of New Mexico Field School had a lasting impact on archeological research of the 

ruins at Chaco Canyon. Not much is known about many paleontological finds during the course of 

the excavations aside from two reports by students. Richard Pickard Vann was a student at the field 

school from 1929ï1931. His Masterôs thesis ñPaleontology of the Upper Cretaceous of Chaco 

Canyon, NMò (Vann 1931) is the earliest known work that focused specifically on fossils at Chaco 

Canyon. Vann based much of his work on Reeside and Knowltonôs (1924) work a decade prior. In 

1940, Lucile Wood completed a short report (unpublished student work, Wood 1940) documenting 

fossils in the vicinity of Pueblo Bonito and Chetro Ketl. Both Vann and Wood report that fossils 

were collected, but the physical locations of these fossil collections are unknown. 

Several decades passed before additional paleontological research was conducted in Chaco Canyon, 

when Charles T. Siemers (University of New Mexico) and Norman R. King (University of 

Tennessee) documented the stratigraphy and fauna of the Cliff House Sandstone in Chaco Canyon 

National Monument. The purpose of this research was to establish a datum for the comparison of 

Cliff House fossil accumulations being investigated throughout the San Juan Basin at the time 

(Siemers and King 1974). Siemersôs and Kingôs work built off of the work of Reeside and Knowlton 

(1924) and Vann (1931), to the extent that many of Vannôs fossil localities were revisited. Today, 
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much of the basis for understanding the fossil accumulations at Chaco Canyon is largely understood 

thanks to the work of Siemers and King. 

Since the 1970s, vertebrate fossils were known anecdotally by various scientists visiting the area. No 

research permits were granted by the park to study the vertebrate fossil assemblages despite 

submitted proposals by area paleontologists. The most recent paleontological research that has been 

conducted at CHCU is a paleobotanical study of fossil wood by Dr. Lisa Boucher (University of 

Texas Austin) from 2007ï2018. Complete results from this study are still under development. 

Summary of Paleontological Surveys 1996ï2018 

The CHCU Paleontological Resources Inventory was formally initiated in 2005 when NPS 

volunteers and staff began to systematically document fossil sites at CHCU. Prior to 2005, Thomas 

Lyttle (former CHCU Physical Science Technician) documented fossil sites within the Cliff House 

Sandstone at CHCU in 1996 and 1998 as a volunteer with the GeoCorps program. Lyttleôs first two 

sites would later be formally included in a broader Paleontological Resources Inventory of the park. 

This inventory was piloted by Brad Shattuck (former CHCU Natural Resources Manager), Lyttle, 

and Donna Smith (former CHCU volunteer) and was initiated as part of the NPS Paleontological 

Locality Condition Survey. The purpose of the inventory was to locate, identify, map, and assess the 

condition of paleontological resources in the park. Formal paleontological resource surveys at CHCU 

were concluded in 2018. Nearly all areas of the park have been inventoried for paleontological 

resources which is an uncommon accomplishment for paleontological resource surveys in National 

Park Service units. 

In order to facilitate survey work, the park was divided into inventory project areas, later called 

Paleontological Management Areas (PMAs) (Figure 3). Twelve areas were set up within the park: 1) 

Kin Bineola; 2) Kin Yaôa; 3) Pueblo Pintado; 4) Kin Klizhin; 5) Wijiji Mesa; 6) Gallo; 7) Chacra 

Mesa; 8) Mockingbird Canyon; 9) Clyôs Canyon; 10) South Mesa; 11) West Mesa South; and 12) 

West Mesa North. Navajo Allotments are not included in the survey area. 

Between 2005 and 2010, Lyttle and Smith documented 167 paleontology sites and implemented 

paleontological condition assessments at sites with significant fossils. In 2010, Lyttle invited Douglas 

Wolfe (Zuni Dinosaur Institute for Geosciences, formerly Zuni Basin Paleontological Project) and 

Andrew McDonald (Western Science Center, formerly at the University of Pennsylvania) to assess 

newly discovered dinosaur bones in the Menefee Formation. During their visit, McDonald and Wolfe 

visited vertebrate fossil sites and identified dinosaur skeletal elements. Potentially diagnostic 

elements were observed at two localities and were determined to be ñat riskò. After consulting one of 

the park archeologists (Roger Moore), a small surface collection was made. Shortly after this 

collection, Lyttle and Smith left CHCU, and the specimens were never fully described. 

Between 2011 and 2017, Phillip Varela (CHCU Physical Science Technician) continued the work of 

Lyttle and Smith. During this time, 177 more paleontological sites were documented, primarily on 

West Mesa, South Mesa, and Chacra Mesa. Paleontological locality condition assessments continued 

and were expanded. A comprehensive paleontological site database and GIS database were created to 

better manage paleontological site data. 
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In 2018, McDonald and Wolfe were contacted by NPS Senior Paleontologist Vincent Santucci to 

help complete paleontological resource field surveys on Chacra Mesa. The survey was conducted 

with the help of students and volunteers from the Southwest Paleontological Society and Western 

Science Center. After the completion of field surveys on Chacra Mesa, the CHCU baseline 

paleontological resources inventory was considered complete, with nearly 100% of the park acreage 

having been inventoried for paleontological resources. However, it should be noted that surveys are 

never truly finished, as new specimens can become uncovered through natural erosion. The park now 

manages paleontological sites through locality condition assessments (see ñPaleontological Resource 

Management and Protectionò). 

 

Figure 3. Map of CHCU Paleontological Management Areas: 1) Kin Bineola; 2) Kin Yaôa; 3) Pueblo 

Pintado; 4) Kin Klizhin; 5) Wijiji; 6) Gallo; 7) Chacra Mesa; 8) Mockingbird Canyon; 9) Clyôs Canyon; 10) 

South Mesa; 11) West Mesa South; 12) West Mesa North. 

The area in the immediate vicinity of Chaco Wash (called ñCanyon Floorò) has not been formally 

introduced as a Paleontological Management Area, due to the fact that the inventory primarily 

focused on documenting fossils from Cretaceous-aged geologic formations, and the sediments in and 

around Chaco Wash are much younger (Quaternary) and contain abundant sensitive cultural 

resources. Quaternary fossils have been extensively documented in the context of archeological 

surveys and excavations of the Chacoan great houses and packrat midden sites. These Quaternary 

fossils are summarized in Appendix Table A-2.
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Geology 

Geologic History 

Chaco Canyon is situated in the modern San Juan Basin, a structural and physical feature 

encompassing more than 67,000 km2 (26,000 mi2) in northwestern New Mexico and extending into 

southwestern Colorado. It is a bowl-shaped depression containing a thick succession of sedimentary 

rocks ranging in age from Pennsylvanian to Pliocene (300 million to 2 million years ago) (Figure 4). 

These sedimentary rocks are underlain by Precambrian (1.7 to 1.4 billion years ago) crystalline rocks 

(Price 2010) (see Appendix E for a geologic time scale). Older sediments are exposed near the 

margins of the basin where Precambrian rocks were uplifted and exposed as mountain ranges (e.g. 

the Nacimiento and Zuni mountains in New Mexico and the San Juan mountains in Colorado). 

CHCU is approximately 72 km (45 mi) southwest of the center of the basin (KellerLynn 2015). 

 

Figure 4. Cross-section of the San Juan Basin. Graphic modified by Trista Thornberry-Ehrlich (Colorado 

State University) from KellerLynn, (2015, figure 4) after Brister and Hoffman (2002, figure 3) and Martin 

(2005, figure 9). 

The rocks exposed in and around CHCU are Late Cretaceous in age (approximately 89 to 75 million 

years old) and were deposited following inundation by the Western Interior Seaway, which extended 

northwest-southeast across western North America from the Arctic to the Gulf of Mexico. 

Approximately 96 million years ago, seawater began to cover land in what is now New Mexico. As 

sea level advanced and retreated, sediments were deposited in marine and coastal environments such 
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as barrier islands, lagoons, tidal inlets, stream deltas, estuaries, and swamps. Changes in sea level, 

sediment supply, and subsidence caused multiple northeast-southwest shifts in shoreline position 

(Love 2010). As many as five major transgression-regression episodes and many smaller episodes 

took place over a period of 30 million years (Molenaar 1977). 

The transgression-regression cycles of the Western Interior Seaway are recorded in the rocks within 

the San Juan Basin, including at CHCU, which primarily belong to the Mesaverde Group, named for 

outcrops in Mesa Verde National Park (MEVE) (Harrison et al. 2017) (Figure 5). The Mesaverde 

Group consists of the Point Lookout Sandstone (not exposed at CHCU), the Menefee Formation, and 

the Cliff House Sandstone. The Menefee Formation is the primary bedrock unit in the Kin Bineola 

unit of the park and in the south, west, and southwestern areas of the Chaco Canyon unit. It is also 

exposed as gentle slopes below the massive cliffs of the Cliff House Sandstone which makes up the 

walls on the northern and southern sides of Chaco Canyon. The Cliff House Sandstone also caps 

West Mesa, South Mesa, and Chacra Mesa on the southern side of the canyon. The contact between 

the Menefee Formation and Cliff House Sandstone is visible on Fajada Butte, a significant landmark 

in Chaco Canyon. 

 

Figure 5. Cretaceous stratigraphy of the San Juan Basin including units exposed at CHCU: Crevasse 

Canyon Formation, Menefee Formation, Cliff House Sandstone, Lewis Shale, and Pictured Cliffs 

Sandstone. Graphic by Trista Thornberry-Erlich from KellerLynn (2015, figure 6) after Donselaar (1989, 

figure 2). The time scale at right contains Late Cretaceous stages in millions of years. 
























































































































































































