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Executive Summary

Scientific interst in Chaco Canyon began in the mii@" centurywhen United States ifitary
expeditiongeported orthevastarchedogical re®urces in and around the current boundaries of the
national historial park Since then, Chaco Canybas becomene of the most important centers for
archedogical research in the worldnd is also a World Heritage Site locati®erhapgartly due to
the ntensearchedogical focus paleontological studies were largely ignored in the canyon, despite
the obvious presence of fossils. Sporadic paleontological studies octumeghout the 20

century, and recent paleontological surveygehaegun to reveal tHessil resources athe canyon,
which aremuch more abundant, diverse, and scientifically significant than previously realized.

Cretaceousdssils at @aco Culture National Historical Park (CHCitépresent approximately 105
million years of the history of lifen Earth (about 9t 75 million years ago), and documéme
biologically diversepopulationsof the ancienecosystemsThe rock unitswithin CHCU represent
repeated transgressig@arine advancegnd regressivémarine reteat)depositional cyclesf the
Western Interior Seaway, providiagunique opportunity tetudy theancient and dynamic
relationships between the terrestriatsiore and marine efhore environmestincluding
numerous fossil specimens that have nobgen scientifically described.

From oldest to youngest, tigedogic formationsat CHCU includehe Crevasse Canyon Formation,
the Menefee Formatiomé Cliff House Sandstone, the Lewis Shate] the Pictured Cliffs
SandstoneThe Crevase Canyon, ClifHouse, and Pictured Cliffs Formatiomsmarily represent
nearshore nrne environmentshe Lewis Shale represents an offshoi@ineenvironment, anthe
Mendee Formation representgerestrial environmenOverlying Pleistocene and Holocea#uvial
deposits make up the canyon floor upon which much of the Chacoan world was built.

Marine rock units contain the remains of abundaatine life, including bivalves, gastropods,
cephalopodsechiroderns, sharksponyfish, and marineeptiles Invertebratdrace fossils and plant
material including impessions of woody debris atalys are preserveth the marine rocks.
Terrestrial rock units contain the remains of abundant petrified trees andduggl types of turtles
and dinosaurs, and crocodildsore thanl20 speciesf fossils have beereporedfrom Cretaceous
rocks at CHCU, the majority being fossil invertebrates froenGhff House Sandstone. The
abundance of undescribed fossit<CHCU offers an opportunity to discover andadée® additional
and new fossil taxaaiding inthe understanding of the evolution of life on Earth

Quaternaryossilswere found fromextensivearchedogical excavationsespecially during the Chaco
Project 960% 19809. More thar270Quaternarnspeciehave beendentifiedfrom pollenanalyses,
packrat midderstudiesand site excavations notable fossil is an extinct specifsrabbit brush
(Chrysothamnus pulchelloidgsvhich is thought to have gone extinlte to human practices that
contributed to desertifation of the environment. Understanding the differences between modern and
anciert ecosystems may shed light tve human impacon theenvironmenttheconditionsthatmay

have attracted the Ancestral Puebloans to the caayohwhat may have contributealtheir
eventuadeparturédrom the canyon
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Introduction

Originally proclaimed as Chaco Canyon National Monument in 1907 to prestrsef the
prehistoric Chacaulture, the monument was expanded amdesignated as Chaco Culturetidaal
Historical ParCHCU)in 1980to recognize the interconnections between the park a©80t900
km? (50,000mi?) area of influenceCHCU encompasses more th8,700 hectare$84,000 acres
and contains more thah000 recordedrchedogical siteswithin four park unis (Figure 1)
including the main Chaco Canyon u(ffigure 2)and three smaller detached uniiSn Bineola,
Puebl o Pi nt adlbe parkis rhtiokally@hin¥maii@nally significant and Isted in
the National Registerfddistoric Placeg1966)and as aJnited Nations Educational, Scientific, and
Cultural Organization (UNESCQ)/orld Heritage Sit€1987)that includes Aztec Ruins National
Monument (National Park Service) and five smaller Chacoan sites managed by thedBleral
Management.

CHACO
CANYON
PUEBLO
KIN
BINEOLA & PINTADO
@ T
(57)
W 0 2
2 WO Kilometers
Crownpoint . Viles
W' KIN YA'A 0 2

Figure 1. Map of CHCU, including the main unit (Chaco Canyon unit) and three detached units (Kin
Bineola, Puebl o Pintado, and Kin Yada units). Map extracted

Chaco Canyon ilcatedin the San Juan Basin of lawestern New Mexico (San Juan and

McKinley counties). The canyon was a major center of trade, political activity, and spiritual
ceremonies in a vast cultural colepthat dominated the region frattme midile 9" to early 1%’
centuriesC.E. It is remarkale 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 CIiff House Sandstone, or on top of the Menefee Forr(iMesaverde

Group), which are part of a suité rocks deposited during thete Cretaceous.

The permanent retreat of the Cretaceous Western Interior Seaway left behind an abundance and wide
variety of marine and terrestrial fossils throughout the palrd.C Uldbsc at i on al ong t he
former migrating shoreline provides a rare opportunity to study remnants of its ancient and dynamic
nearshore environment, including numerous fossil specimens that have not yet been scientifically



described. Preliminargnalysis indicates a high potential to discover and identify scientifically
significant specimens, particularly in the Cliff House and Menefee formations that contain high
concentrations of welpreserved fossils.

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

Significance of Paleontological Resources at CHCU

Paleontological resources@HCU represent approximately 105 million years of the history of life
on Earth, and repsent the populations of diveraad complexextinct ecospheres. Paleontological
resources are widespread geographically and stratigraphicallynaatcur in every geologic
formation present in the park. CHG&situated on a series @pperCretaceous terrestrial and
marine rock unitshat represent repeated transgresgivarine advancegnd regressivémarine
retreat)depositional cycles of the Western Interior SagwAll rock formations at CHClre
sedimentary and therefore have potential for paleontological resoMiaesg.of theg fossils occur
in situin theirgeologic contextand some occur ia cultural resource context.

Initial assessments of verteleatkeletal remains indicatieat any diagnostic elements nrapresent
previously unknown species, especially within the Meadformation. 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, mayprovideimportant information orthe early evolution of angiosperm tree$ich marks

a significant shift of plant diversity on Earth.

The formations in which these fossils occur have been largely understudied in the Fous &@ae

a region that is worldenowned 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 thepreservednterface between terrestrial and marine paleoenvironmeetsnprary evaluations



of the significance of paleontological resources at Chaco indicate that there is high potential for these
fossils to benuch morescientifically significanthan previously recognized

Purpose and Need

The NPS is required to manaigelands and resources in accordance with federal laws, regulations,
management policies, guidelines, and scientific princiflakontological resources are non
renewable remains of past life preserved in a geologic context. At present, th48 @ifecial units

of the National Park Systerplusnational riverspational trails, and variousther affiliated units. Of
these, at least 271 are known to have some form of paleontological resources, and paleontological
resources are mentioned in the enaplegislation 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 iderasi@dneet the

p a r kuhdatioh documer{iNational Park Service015) This paleontological resource inventory
has been develed inorder to compile information regarding the scope, significance, distribution,
and management issues associated with fossil resopiresent within CHCUT he information
presented within this repas intended to increase awareness of park fossilgpaleontological
issues in ordeto facilitate future research amo inform management decis®and actions that
comply with all relevantaws, directies, and policies.

Project Objectives

The primary objective of this report is to present results tirknownpast and current

paleontology work at CHCWlethods and tasks addressed in this inventory report include: locating,
identifying, and documenting paleontological resource localities through field reconnaissance using
photography, @S data, andahdardized formgelocating and assesgi historicaland other known
localities andassessing collections GHCU fossils maintained within the park collemtis and in

outside repositoriesA thorough searctvas conductetbr relevant publications, unpublished

geologic notes, and outgdossil collections from CHCHistoricaldata argpresented alongside

newly discovered data.

Baseline Paleontology Resource Data Inventories

A baseline inventory of paleontological resasgas critical for implementing effective management
strategies, as it provides information for decisioaking. This inventory report has compiled

information on previous paleontological research done in and near CHCU, taxonomic groups that
have been repted 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 Invamddioaitoring

report for the Southern Colorado Plateau Network (Tweet et al. 2009) and the references cited within
were important baseline paleontological resource data sources fGHGII Paleontological

Resources Inventorydport. Paleontological sittata is managed by the Resources Division at

CHCU. This data consists of individual site files, photographs, databases, and condition assessments
that contain sensitive information ane anot available to the public.
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History of Paleontological Work at CHCU

Early geologic surveys bydtimes (1877provide the basis for understanding the geology of Chaco

Canyon. The geologic forations in Chaco Canyon exhiltite same characteristics as theks

described as thiglesaverde Group by Holmes from exposureth@Mesa Verderea of

sout hwestern Colorado. Hol mes described three d
escarpment sandstoneo, the fAimidadhestoalkogr dhese
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, nam€uldss (1899) from exposures near

Fort Lewis, Colorado,ra the Pictured Cliffs Sandstgmeamed by Holmes (1877) for exposures

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

Paleontological interest imreas othe San Juan Basin north@HCU dates back as far as the early

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

(Gilmore 1916). The type specimen faspideretegTrionyx) singulariswas collected from a

locality atfiChaco Canyobby Baldwinin188F¥ r om t he A Torrejon bedso. Th
Naiadochelys ingravataas collected aiChaco Canyomby Professor RV. Putnam in 1900 from

the ALaramie bedso (Hay 1908). In 1906, George
Trading RBoet CaffoAn€hduring the Hyde Expedition (
the nomenclature used by laté"hd early 28 century researchers is not necessarily used today,

and place names or geologic formations may be imaady used. For example,rBwn (1910)

describe the Ojo Alamo Trading Posisat A Ch a c lt it@ady located within the

boundaries of CHCU. Likewise, theoiirejon and Laramie bedsfer to terrestriaPaleogene and

Upper Cretaceous geologic formations that are not pras&tCU, placing these localities outside

of Chaco Canyon propec HCU was not established until 1906,
Canyono may refer to areas outside of the prese

The first significant scientific investigations@HCU were part of thédyde Exploring Expedition

(1896 1901) which primarily focused oarchedogical 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 pulished in the outline of the expeditimeport (Peppeand Nelsoril920).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 sth®ahowever.

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 (195) in the Ojo Alamo, Kirtland, and Fruithd Formations. Sternberg was also

encouraged by Edgar Lee Hewett,aaohedogist 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 dune 14, 1921. There, he and his assistant John Bender found
Inoceramud ossil s at a site in APuebl o Bonitaodo that
(University of Uppala, Sweden), who had hired Sternkergollect 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 centuryo 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 depositeddisiely after the geologic units
exposed in the park. Given the immeasehedogical focus within Chaco Canyon and the intensive
paleontological focus north of Chaco Canyon, few paleontological investigations were conducted
within the geologic formationgresent 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 MexicBeeside and Knelton report approximately 25 fossil taxa
(mostly gastropods and bivalves) at 3amilebenastal i ty
of Pueblo Bonito, N. Mex. Horizon 40 feet above base of the Cliff House sandston@ hi s | ocal i
description is baracteristic of many areas within Chaco Canyon, but without more specific

information, the exact location may never be known. See Appendix TablerAhe taxa observed.

In 1924 and 1925, Kirk Bryan studied the geologic history of Chaco Canyon, bgsati@m some

of Dodgeds previous wor k. Bryands work was prop
Nati onal Geographic Societyds Puebl o Bonito Exp
then president of the Carnegie Institution of Washingitre survey was intended to relate the

recent geology to the life of prehistoric people who inhabited Chaco Canyon (Bryan9&49.

the intense interest in cultural resources at Chacgdamost of thigeologic work was conducted

within the contexbf archedogical investigations and primarily focused on the Quaternary history.

The University of New Mexico Field School had a lasting impadarochedogical research ahe
ruins at Chaco Canyon. Not much is known about many paleontological findg theinourse of
the excavations aside from two reports by students. Richard Pickard Vann was a student at the field

school from 19201 9 3 1 . Hi s Masterb6s thesis fAPaleontol ogy
Canyon, NMo ( Vann 19 31 jhatfoausetl dpexificalls onlfossdssattChdcom o wn  w
Canyon. Vann based much of his work on Reeside

1940, Lucile Wood completed a short report (unpublished student work, Wood 1940) documenting
fossils in the vicinityof 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 dataemdomparison of

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

(Siemers and King 1974). Sieméra nd Ki ngés wor k bReasiletandKhofvlitom f t h e
(1924)andVann (1931), to the extent that many of Var
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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, vertebratessils 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 reseheshtiban
conducted at CHCU is a paleobotanical study of fossil wood by Dr. Lisa Boucher (&ityioér

Texas Austin) from 2002018. Complete results from this study sti# under development

Summary of Paleontological Surveys 1996i 2018

The CHCU Paleatological 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 ScienceeEhnician)documented fossil sites within the f€House
Sandstone at CHCU in 1996 and 1998 as a volunte
sites would later be formally included in a broader Paleontological Resources Inventory of the park.
This inventory was piloted by Brad Shattuédrner CHCU Natural Resources Manager), Lyttle

and Donna Smith (former CHClbhlnteer) 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 paleotological resources in the park. Forrpaleontological resourcairveysat CHCU
wereconcluded in 2018\earlyall areas of th@arkhave been inventoried for paleontological
resourcesvhich is an uncommon accomplishment for paleontological resourceysunvislational

Park Service units

In order to facilitate survey work, the park was divided into inventory project areas, later called
Paleontological Management Areas (P8IAFigure 3). Twelve areas weset upwithin the park: 1)

Ki n Bi neol a3)Pugblo Piktado; 4)Ka &lehin; 5) Wijiji Mesa; 6) Gallo; 7) Chacra

Mesa; 8) Mockingbird Canyon; 9) Clyés Canyon; 1
West Mesa North. Navajo Allotments are not included in the survey area.

Between 2005 and 201Lyttle and Smith documented 167 paledogy sites and implemented
paleontological condition assessments at sites with significant fossils. In2@te jnvited Douglas

Wolfe (Zuni Dinosaur Institute for Geosciences, formerly Zuni Basin Paleontaldgioject) 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 identifiedasaur skeletal elementsotentially diagnostic

el ements were observed at two | ocalities and we
the parkarchedogists(Roger Moorg, a small surface collection was made. Shortly after this

collecion, Lyttle and Smith left CHCUand 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 documpniedrily 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.



In 2018 McDonald ad Wolfe were contacted BYPSSeniorPaleontologist Vincent Santtido

help complete paleontological resource field sunmy&hacra Mesa he survey was conducted

with the help of students and volunteers from the Southwest Paleontolagpeaty&nd Western

Science Center. Aftahe completion of field surveys on Chacra Mesa, the CiH&4&line

paleontological resources inventory was considered complete, with nearly 100% of the park acreage
having beernnventoried for paleontological resoes:However, it should be noted that surveys a

never truly finished, asew specimens can become uncovered through natural erosion. The park now
manages paleontological sites througballity condition assessmente(e fiPal eont ol ogi c al
Managemenand Protectiod).

Chaco Culture NHP
ico

Paleontological Management Areas

New Mexi

Legend
s CHCU Boundary

Navajo Allotments

.40 6

Kin Bineola Kin Ya'a Pueblo Pintado

A

Figure 3. Mapof CHCUPal eont ol ogi cal Management Areas: 1) Kin Bin
Pintado; 4) Kin Klizhin; 5) Wijiji; 6) Gallo; 7) Chacr .
South Mesa; 11) West Mesa South; 12) West Mesa North.
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The area in the i mmediate vicinity of Chaco Was
introduced as a Paleontological Management Area, due to the fact that the inventory primarily

focused on doauenting fossils from Cretacecagied geologic formations, and the sediménand

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

resources. Quaternary fossils have been extensively documentedamtivet ofarchedogical

surveys and excavations of the Chacoan great houses and packrat midden sites. These Quaternary
fossils are summarized in Appendix TableA



Geology

Geologic History

Chaco Canyon is situated in the modern San Juan Basin, a stractdiphysical feature

encompassing more th&i,000 km (26,000 mf) in northwestern New Mexico and extending into
souhwestern Colorado. It is a bowhaped depression containing a thickcessiorof sedimentary

rocks ranging in age from PennsylvantarPliocene (300 million to 2 million years agé&)gure 4)

These sedimentary rocks are underlain by Precambrian (1.7 to 1.4 billion years ago) crystalline rocks
(Price 2010)see Appendix Eor a geologic time scalePlder sediments are exposed near the

margins of the basin where Precambrian rocks were uplifte@gposed as mountain ranges.(e.g

the Nacimiento and Zuni mountains in New Mexico and the San Juan mountains in Colorado).
CHCU s approximately’2 km (45 mi)southwest of the center of the baellerLynn 2015).

A A
SOUTH NORTH

.. Jurassic
Triassic  rocks
rocks Cretaceous rocks Tertiary rocks
! |

[
Ojo Alamo
g San Jose, Nacimiento,
Al stons and Animas formations /

NEW MEXICO

San Juan Riverl COLORADO
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Canyon
Formation

Chaco River

La Plata,
Shiprock

Farmington®

Chaco Culture
National
Historical .
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Not to scale

Crownpoint}, North

Al
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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).

Therocks exposed in and around CH@lé Late Cretaceous in age (approximately 89 to 75 million

years oldjand were deposited following inundationthye Western Interior Seawayhich extended
northwestsoutheast across western North America from the Aretibe Gulf of Mexico.

Approximately 96 million years ago,asater began to cover landwhat is now New Mexico. As

sea level advanced and retreated, sediments were deposited in marine and coastal environments such

9



as barrier islands, lagoons, tidal islestream deltas, estuaries, and swamps. Changes in sea level,
sediment supply, and subsidence caused multiple nortbeaittwest shifts in shoreline position
(Love 2010). As many as five major transgressegressia episodes and many smaller episodes
took place over a period of 30 million years (Molenaar 1977).

The transgressieregression 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
outcropsn Mesa Verde National PafMEVE) (Harrison et al. 201 qFigure 5) TheMesaverde

Group consists ahe Point Lookout Sandstone (not exposed at CHCU), the Menefee Formation, and
the Cliff House Sandstone. The Menefee Formation is the primdrgdieunit in the Kin Bineola

unit of the park and in the south, west, and southwestern areas of the Chaco Canitas alsib.

exposed as gentle slopes below the massive cliffs of the Cliff House Sandstone which makes up the
walls on the northern andsthern 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 significauairkand

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.
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