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CHAPTER 1 

Overview and scope of project 

by Aubrey Bonde  

 

Tule Springs Fossil Beds National Monument (TUSK) was enacted into law December 19, 2014 by the 

113th Congressional session; it has now moved into the nascent stages of planning and development 

(Figure 1).  As such, the interim superintendent of TUSK, Vincent Santucci, appointed two GeoCorps 

positions to aid in the collection of researched materials and literature resources published on, or 

known from the monument.  Fabian Hardy, M.S. from UNLV, was appointed to review the geology and 

Aubrey Bonde, Ph.D. from UNLV, was appointed to review the paleontology.  Term appointments lasted 

from May-October of 2015 and during that time extensive literature searches and networking was 

conducted to gather the information that is contained in this report.  This report summarizes over a 

ŎŜƴǘǳǊȅΩǎ ǿƻǊǘƘ ƻŦ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘǎ ƳŀŘŜ ōȅ ŘƻȊŜƴǎ ƻŦ ǎŎƛŜƴǘƛǎǘǎΦ  IŀǊŘȅ ŀƴŘ .ƻƴŘŜ ƘŀǾŜ ŀǎǎŜƳōƭŜŘ ŀ 

substantial database of information on the Upper Las Vegas Wash and expound on that history herein.     

 

 

Figure 1. National Park Service map of the geographic extent of Tule Springs Fossil Beds National Monument. 
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Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ǊŀǊŜ Ǉƭŀƴǘ ŀƴŘ ŀƴƛƳŀƭ ǎǇŜŎƛŜǎ ό[ŀǎ ±ŜƎŀǎ ōŜŀǊǇƻǇǇȅΣ aŜǊǊƛŀƳΩǎ 

bearpoppy, Las Vegas buckwheat, Mojave desert tortoise), the importance of preserving the lands at 

TUSK extend to the over one hundred thousand fossils recovered from the area and the potential for 

many thousands more.  TUSK preserves the largest open assemblage of Ice Age land mammal fauna 

from the Mojave and Great Basin deserts throughout 250,000 thousand years of depositional history.  

The badlands contained within this monument provide the unique opportunity to assess and interpret 

the composition of late Pleistocene terrestrial communities and understand how they respond to 

changing climates and environments. 

TUSK represents one of the very few National Park units to preserve fossils from the Pleistocene.   It can 

ǎǳǊŜƭȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ έ¦Ǌōŀƴ tŀǊƪέ ŀǎ ƛǘ ƛǎ ƻƴ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ƻŦ bƻǊǘƘ [ŀǎ ±ŜƎŀǎ ŀƴŘ ŀŦŦƻǊds the 

opportunity for visitors of all ages who may never get the chance to visit a park in a remote setting 

(Figure 2). 

 

 

Figure 2. One of the first pieces of signage posted at an interface between the park boundary and North Las Vegas residential 

homes. 
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CHAPTER 2 

Biographies of key people at TUSK  

By Fabian Hardy 

 

Tule Springs has a rich history of scientific investigation, and the site has received national attention 

several times in its history.  Some of the top researchers in the fields of geology and paleontology have 

contributed to the understanding of this site over the years.  This section is not a complete list, but aims 

to highlight some of their work.  Their backgrounds and interest are varied, and it is a testament to the 

potential of Tule Springs that so many diverse people have found something here to study. 

 

Josiah Edward Spurr and Robert B. Rowe (1903) 

Spurr was a prominent USGS geologist.  Considered one of the fathers of economic geology, he was 

mostly focused on ore deposits and resource exploration.  He first achieved notoriety by leading a pair 

of historic expeditions in Alaska in 1896 and 1898.  Spurr conducted the first geologic survey of Nevada 

in 1903, which led to the first geologic map of the state. 

He was accompanied on this expedition by Robert B. Rowe, who contributed to the early understanding 

of Nevada stratigraphy and structural geology.  Rowe is also notable in that he documented and 

ŎƻƭƭŜŎǘŜŘ ŀ άƳŀǎǘƻŘƻƴέ ǘƻƻǘƘ όƭƛƪŜƭȅ /ƻƭǳƳōƛŀƴ ƳŀƳƳƻǘƘύ ƴŜŀǊ ¢ǳƭŜ {ǇǊƛƴƎǎΦ  ¢Ƙƛǎ ƛǎ ǘƘŜ ŦƛǊst mention 

of fossils from Tule Springs. 

 

Chester Stock and Richard J. Russell (1919) 

Stock was a vertebrate paleontologist who was associated with the University of California, Museum of 

Paleontology.  He later moved to the California Institute of Technology, and then the Natural History 

Museum of Los Angeles County.  Stock became famous for his work on the fossils of the Rancho LaBrea 

tar pits. 

Russell, a geographer specializing in coastal morphology and structural geology, accompanied Stock in 

early Nevada field work.  Their focus was in correlating the scattered mammal assemblages of the Great 

Basin with the Pleistocene fauna of Rancho La Brea.  They reached Tule Springs in 1919, where their 

most notable discovery was a specimen of North American lion (Panthera atrox).  Though unpublished, 

their specimens are the earliest recovered fossils from Tule Springs that are housed in museum 

collections. 

 

Fenley Hunter and Albert C. Silberling (1932-1933) 

Fenley Hunter was an archaeologist from the American Museum of Natural History, who conducted 

work at Tule Springs with the goal of formally documenting Pleistocene fossils from Nevada.  Hunter 

discovered the infamous obsidian flake, which sparked a great deal of interest and further work. 

A.C. Silberling, a Montana homesteader and self-taught paleontologist, collected fossils throughout his 

life.  He was well-versed in excavation techniques, and often called upon by prestigious institutions such 

as Princeton University, the American Museum of Natural History, the United States Geological Survey, 

and the Smithsonian Institute. 



8 
 

George Gaylord Simpson (1933) 

Simpson was the curator of paleontology at the American Museum of Natural History.  A prominent 

figure in the acceptance of evolutionary research and theory during the 20th century, he was the driving 

force behind many important paleontological concepts.  Simpson wrote the official report of Hunter and 

{ƛƭōŜǊƭƛƴƎΩǎ ŜȄǇŜŘƛǘƛƻƴΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ƻŦ άǇǊƻōŀōƭŜ ŀǎǎƻŎƛŀǘƛƻƴ ƻŦ Ƴŀƴέ ǿƛǘƘ tƭŜƛǎǘƻŎŜƴŜ 

megafauna in Nevada. 

 

Mark Harrington (1933, 1955-1956) 

Harrington was the curator of archaeology for the Southwest Museum of the American Indian (now part 

of the Autry National Center) from 1928-1964.  His interest in archaeology was lifelong, and he spent his 

childhood learning tribal languages and culture in the region near his hometown of Ann Arbor, 

Michigan.  He made significant contributions to the study of the archaeology of the American Southwest 

throughout his career, including the discovery of ancient Pueblo Indian dwellings in Nevada.  Harrington 

coordinated a last-minute salvage effort to preserve a notable Pueblo archaeological site, which was 

destined to be flooded by the creation of Hoover Dam and Lake Mead.  He and his team excavated until 

άǘƘŜǊŜ ǿŀǎ ƭƛǘŜǊŀƭƭȅ ǿŀǘŜǊ ƭŀǇǇƛƴƎ ŀǘ ǘƘŜƛǊ ōƻƻǘǎΦέ  Iƛǎ ƛƴǘŜǊŜǎǘǎ ǿŜǊŜ ōǊƻŀŘΣ ŀƴŘ ƛƴŎƭǳŘŜŘ ǇŀƭŜƻƴǘƻƭƻƎƛŎŀƭ 

work alongside his usual studies, such as a site in Gypsum Cave, which contained both human artifacts 

and ancient ground sloth remains. 

 

Ruth DeEtte Simpson (1933, 1955-1956) 

Ruth DeEtte Simpson was the assistant curator at the Southwest Museum, and worked closely with 

Harrington.  She was an integral part of his expeditions to Tule Springs, and participated in the Big Dig.  

She is perhaps best known for her work on the Calico Early Man Site, found in the central part of the 

Mojave Desert.  Simpson led the excavation and study of thousands of artifacts, and eventually became 

Curator Emeritus of the San Bernadino County Museum. 

 

Willard Frank Libby (1955) 

Willard Libby was a Nobel Prize winning chemist who left behind a legacy of innovation.  He received his 

doctorate from UC Berkeley in 1933, with a focus on radioactive elements.  He worked on the 

Manhattan Project during World War II, developing a novel process for uranium enrichment. 

Following the war, Libby was appointed to the Atomic Energy Commission in an advisory capacity.  He 

resigned this position in 1959 and became a Professor of Chemistry at University of California, Los 

!ƴƎŜƭŜǎΦ  [ƛōōȅΩǎ ƎǊŜŀǘŜǎǘ ŎƻƴǘǊƛbution to the fields of paleontology and archaeology was the 

development of radiocarbon dating, which he originally published in 1946.  His lab was directly involved 

ǿƛǘƘ ǘƘŜ мфслΩǎ .ƛƎ 5ƛƎ ŀǘ ¢ǳƭŜ {ǇǊƛƴƎǎΣ ŀƴŘ ǇǊƻǾƛŘŜŘ ŀƎŜ ŎƻƴǘǊƻƭ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ŜȄŎŀǾŀǘŜŘ by the project. 

 

Phil C. Orr (1956) 

Phil Orr spent more than three decades as Curator of Anthropology and Paleontology at the Santa 

Barbara Museum of Natural History.  In 1959, he discovered three ancient human bones in the wall of 

Arlington Canyon on Santa Rosa Island.  These bones have were been dated to 10,000 years BP, making 

ά!ǊƭƛƴƎǘƻƴ {ǇǊƛƴƎǎ aŀƴέ ǘƘŜ ƻƭŘŜǎǘ ƘǳƳŀƴ ǊŜƳŀƛƴǎ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀ ƪƴƻǿƴ ŀǘ ǘƘŜ ǘƛƳŜΦ 
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Chester Longwell (1962-1963 Big Dig) 

[ƻƴƎǿŜƭƭΩǎ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǘƘŜ ƎŜƻƭƻƎȅ ƻŦ {ƻǳǘƘŜǊƴ bŜǾŀŘŀ placed him as one of the advisory 

committee members determining the potential of Tule Springs as an archaeological study site.  Longwell 

began his studies at Yale, but was interrupted by the First World War, where he spent two years in the 

U.S. Army, achieving the rank of captain.  Following the war, he returned to complete his studies and 

received his PhD in 1920. 

Longwell worked throughout the summer and fall of 1919 in the Muddy Mountains and the surrounding 

area, mapping and making several major discoveries.  His later contributions to the field of structural 

geology include work on geophysical data, and numerous investigations into orogenic theory. 

 

Richard Shutler Jr. (1962-1963 Big Dig) 

Richard Shutler Jr. had many important contributions to the understanding of Pacific archaeology.  His 

interests were diverse, and included the study of early hominid remains in Southeast Asia, early work in 

radiocarbon dating at the University of Arizona, and archaeological expeditions throughout the Great 

Basin. 

Shutler was the principal investigator for the famous Big Dig at Tule Springs, and personally led the 

archaeological teams in their excavations.  One of his life goals was to beat a record for longevity in the 

field, and celebrated this accomplishment in 1995. 

 

C. Vance Haynes Jr (1962-1963 Big Dig) 

Vance Haynes was the primary geologist attached to the 1960s Big Dig.  A member of the Air Force from 

1950-1954, he received his PhD from the University of Arizona in 1965.  He specializes in the 

archaeology of the American Southwest, and is perhaps best known for his contributions in the study of 

ƘǳƳŀƴ ƳƛƎǊŀǘƛƻƴ ǘƘǊƻǳƎƘ bƻǊǘƘ !ƳŜǊƛŎŀΦ  IŀȅƴŜǎ ŎƻƛƴŜŘ ǘƘŜ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ǘŜǊƳ άōƭŀŎƪ ƳŀǘΣέ ǿƘƛŎƘ ƛǎ 

used for a layer of common 10,000 year old swamp soil.  He was elected to the National Academy of 

{ŎƛŜƴŎŜǎ ƛƴ мффлΣ ŀƴŘ ƛǎ ŎǳǊǊŜƴǘƭȅ ŀƴ ŜƳŜǊƛǘǳǎ wŜƎŜƴǘΩǎ ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ǊƛȊƻƴŀΦ 

 

John E. Mawby (1962-1963 Big Dig) 

Mawby was a 1953 graduate of Deep Springs College, where he participated in the unique combination 

of ranch work and intellectual pursuits.  Following this, he completed his doctorate at the University of 

California Berkeley, where he would go on to be a curator at the University of California, Museum of 

Paleontology (UCMP). 

Mawby had a continuous presence in Nevada, leading expeditions throughout the state and 

investigating new areas throughout his tenure as curator of the UCMP. 

 

Peter J. Mehringer (1962-1963 Big Dig) 

Peter J. Mehringer contributed a highly detailed pollen analysis of Tule Springs during the Big Dig, which 

was the topic of his 1968 PhD from the University of Arizona.  He holds degrees in zoology, biology, and 

geoscience, with a specialty in archaeology.  His main focus is the stratigraphy and chronology of arid 

land late Pleistocene environments, and he specializes in relating them to the history of humans. 
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Jay Quade (1980s) 

Jay Quade is a professor of soil geochemistry at the University of Arizona, whose research takes him 

throughout the world.  He studied and extended the stratigraphy of Tule Springs and reinterpreted the 

ŦƭǳǾƛŀƭ ŘŜǇƻǎƛǘǎΦ  vǳŀŘŜ ǾŜƴǘǳǊŜŘ ǘƻ /ƘƛƭŜΩǎ !ǘŀŎŀƳŀ 5ŜǎŜǊǘ ŀƴŘ ǿƛǘƴŜǎǎŜŘ ŦƛǊǎǘƘŀƴŘ ǎŜƛǎƳƛŎ ŀŎǘƛǾƛǘȅ ǘƘŀǘ 

led to transportation of large boulders in an almost rainless environment, a previously unsolved 

mystery.  

 

San Bernadino County Museum (2000s) 

Kathleen Springer, Eric Scott, and Chris Sagebiel from the San Bernadino County Museum, in 

collaboration with Jeff Pigati and Craig Manker of the United States Geologic Survey conducted several 

long term projects at Tule Springs.  The team found the most new fossil localities since the 1960s Big Dig, 

and helped to reignite interest in the site.  Much like the earlier expedition, an interdisciplinary 

approach was used, examining the paleontology, hydrology, stratigraphy, geochronology of the whole 

area.  This extensive study led to new discoveries, such as the first record of Smilodon fatalis (sabre-

toothed cat) in Nevada.  The stratigraphy of the site was reinterpreted, with a plethora of updated 

geochronological dates, providing a framework for future interpretation.  The SBCM team investigated 

the hydrologic framework of Tule Springs, discovering unexpected connections to a larger climate 

record. 

 

University of Nevada Las Vegas (2010+) 

Multiple surveys and excavations have been conducted by researchers from the University of Nevada 

Las Vegas, led by professors Dr. Steve Rowland and Dr. Josh Bonde.  These projects represent the 

increasing local interest in the site.  The institution going forward plans to partner with the National Park 

Service to advise and contribute future scientific investigation. 

Dr. Rowland is deeply involved with the history of geologic research, and a staunch supporter of 

celebrating the scientific heritage of Tule Springs.  He has long been a proponent of educational 

outreach, and generates interest among high school students with a travelling lab exercise on mammoth 

teeth which were collected from a private site adjacent to TUSK.  The purpose of the lab is to introduce 

students to a paleontological case study using materials related to deposits from Tule Springs. 

Dr. Josh Bonde, a native to Nevada, is a professor at UNLV and a member of the Natural History 

aǳǎŜǳƳ ƻŦ [ŀǎ ±ŜƎŀǎΩ ōƻŀǊŘ ƻŦ ŘƛǊŜŎǘƻǊǎΦ  IŜ Ƙŀǎ ōŜŜƴ ƪŜȅ ǘƻ ŦŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǊŜǘǳǊƴ ƻŦ bŜǾŀŘŀΩǎ Ŧƻǎǎƛls 

to Las Vegas from several institutions, for which the people of the city have shown their gratitude.  He is 

currently active in managing research conducted at TUSK. 
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CHAPTER 3 

Geology of TUSK  

By Fabian Hardy 

 

Geologic Setting 

Tule Springs Fossil Beds National Monument (TUSK) is found in the Upper Las Vegas Wash, just north of 

the city of Las Vegas.  It is dominated by classic badlands topography, and a large active wash with a 

northwest to southeast drainage. 

The Pleistocene to modern drainage patterns and geography of the TUSK site have been influenced 

greatly by its geologic history.  Cretaceous tectonic activity is evident in the thrusts, folds, and normal 

faults seen within the Spring Mountains to the west (Donovan, 1996).  A complex series of thrust blocks 

are exposed within this range, dating back to the Sevier orogeny (Donovan, 1996).  The northern 

boundaries of the Las Vegas Valley are the Las Vegas and Sheep Ranges (Quade, 1986; Donovan, 1996). 

Miocene extension of the region is visible throughout the Las Vegas Valley Shear Zone.  This right-lateral 

fault displays roughly 65 km of strike-slip displacement (Donovan, 1996).  The shear zone has a west-

northwestern orientation, which had been noted by Longwell et al. (1965). 

A low-angle escarpment known as Eglington Scarp lies roughly 3 miles southeast of the Tule Springs Site 

(Haynes, 1967).  Several arroyos and many tributary rills dissect the foot of the scarp, and it becomes 

shallower, losing its identity south of Craig road (Haynes, 1967).  The northeast section of the scarp is 

separated from an alluvial fan by Tule Springs Wash (Haynes, 1967).  Outcrops of tufa and tufa rubble 

are common throughout the general area of the Eglington Scarp, and take the appearance of cylindrical 

or brachiate tubes of varying size (Haynes, 1967).  Typically forming around sticks and reeds, this tufa 

commonly aligns along the wash, transecting topographic contours, and often lies on top of the caliche 

exposed throughout most of the site.  Haynes (1967) documented a tectonic origin for Eglington Scarp, 

based on the common occurrence of tufa as a fault controlled spring product. 

The Las Vegas Valley differs from the majority of the Basin and Range province in that it has large areas 

with exterior drainage to the sea, by means of the Colorado River (Longwell et al., 1965).  The shear 

zone, normal faults, and other various structures may be conduits for groundwater movement between 

aquifers, but this has yet to be quantified (Donovan, 1996). 

The South Unit of TUSK contains ǘƘŜ ƴƻƳƛƴŀƭ ¢ǳƭŜ {ǇǊƛƴƎǎΣ ƘƻƳŜ ǘƻ ǘƘŜ ǎƛǘŜ ƻŦ ǘƘŜ ŦŀƳƻǳǎ мфслǎ ά.ƛƎ 

5ƛƎέ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ǇǊƻƧŜŎǘΦ  ¢ǊŜƴŎƘŜǎ ōǳƭƭŘƻȊŜŘ ŘǳǊƛƴƎ ǘƘƛǎ ŘƛƎ ŀǊŜ ǎǘƛƭƭ ǾƛǎƛōƭŜΣ ǘƘƻǳƎƘ ŜǊƻǎƛƻƴ ŀƴŘ ŦƭƻƻŘ 

deposits have begun to fill them (Figure 1). 

The North Unit of TUSK contains the Corn Creek Flat, an area that has high fossil potential, based on 

numerous localities found throughout the history of research in both this and the South Unit.  The 

geology, hydrology, and stratigraphy of the North Unit has been examined by several researchers, but it 

has not yet received the large-scale attention and close scrutiny of the South Unit. 
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Figure 1. Trench A, partially filled from erosion. 

 

General Structure and Stratigraphy of Las Vegas Valley 

The Las Vegas Valley trends northwest, and denotes a zone of deformation separating the Spring 

Mountains from the Las Vegas and Sheep Ranges to the north (Longwell et al., 1965; Donovan, 1996).  

General folding in these mountain ranges resulted in a rough, shallow, and disturbed northeast-

southwest striking syncline (Spurr, 1903).  A nearly horizontal area in the central portion of the Las 

Vegas Range is interpreted to be the trough of this syncline (Spurr, 1903).  A much sharper anticline 

succeeds the syncline and runs along a narrow valley separating the Desert and Las Vegas Ranges (Spurr, 

1903). 

The Las Vegas Valley is unusual when compared to typical Great Basin valleys due to its transverse 

nature in comparison to general strike of the rocks (Spurr, 1903; Donovan, 1996).  Various parallel ridges 
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of limestone run transverse to the general trend of the Las Vegas Range, interrupted by the Las Vegas 

Valley until continuing in the Spring Mountain Range (Spurr, 1903; Donovan, 1996). 

The generalized bedrock geology of the Las Vegas Valley as described by Plume (1989), consists of four 

primary groups: 

Precambrian metamorphic rocks - A small exposure of gneiss is found at the base of Frenchman  

 Mountain, and presumably underlies the valley. 

Precambrian and Paleozoic carbonate rocks ς Notable formations include the Tapeates 

 Sandstone, Lyndon Limestone, Bird Spring Formation, and Lone Mountain Dolomite. 

Permian, Triassic, and Jurassic clastic rocks ς Including the Chinle Formation, Kaibab Limestone, 

 Coconino Sandstone and others. 

Miocene igneous rocks ς volcanic flows, flow breccia, and shallow dacites, andesite, and basalts. 

The northern Spring Mountains consist primarily of late Paleozoic carbonate rocks (Donovan, 1996).  The 

Sheep and Las Vegas Ranges possess similar lithology, and these rocks are assumed to underlie the 

Miocene to Quaternary alluvium throughout northern Las Vegas Valley, and the entirety of TUSK 

(Plume, 1989; Longwell et al., 1965). 

Exposed alluvium within TUSK is primarily Quaternary in age, and mostly coarse-grained, due to close 

proximity to alluvial fans in the north and sediment influx from the Las Vegas Wash to the northwest 

(Spurr, 1903; Longwell et al., 1965; Quade, 1986; Ramelli et al., 2011).  The alluvium has an average 

thickness greater than 1,225 m throughout the Las Vegas Valley, and most available lithologic data come 

from the uppermost 305 m (Donovan, 1996). 

The type section of the Las Vegas Formation as originally described by Longwell et al. (1965) is located 

along the Las Vegas Wash east of Tule Springs.  A large portion of the formation is deposited in relatively 

thin horizontal layers, and contains invertebrate and vertebrate fossils at many localities (Longwell et al., 

1965).  Along the Las Vegas Wash deposits contain abundant lenses of water-worn gravel in finer 

grained deposits, evidence of lateral cut and fill, and land animal fossils, which suggests an assemblage 

of aggrading streams with wide flood plains (Longwell et al., 1965). 

The stratigraphy of the Tule Springs area was originally documented by Haynes (1967), and has been 

since refined by Quade (1986), Matti et al. (1993), Springer et al. (2003), and Manker et al. (2015).  

Quade (1986) in particular extended the stratigraphy from the 1962-63 excavation to the badland-

fringed flats northwest of the site, including detailed study on the fine-grained deposits of Corn Creek 

Flat. 

Similar deposits are exposed in parts of Pahrump Valley, and may directly correlate with the Las Vegas 

Formation, but Longwell (1965) grouped them with Quaternary alluvium due to incomplete mapping at 

the time. 

Far to the south of the site, near Davis Dam, AZ, Pleistocene Lake Chemehuevi likely acted as a control 

for the drainage of the Las Vegas Valley, and there is some evidence for its contemporaneity with the 

Las Vegas Formation (Longwell et al., 1965).  The formation consists of clay, silt, and sand its whitish 

beds are a stark contrast to the buff-colored units of the Muddy Creek Formation, which it incises 



14 
 

(Longwell et al., 1965).  This formation is much less extensive and well defined than the Las Vegas 

Formation, but several late Pleistocene mammalian fossils have been recovered from it (Newberry, 

1861, Longwell 1936). 

 

Stratigraphy of Tule Springs 

IŀȅƴŜǎ όмфстύ ƻǊƛƎƛƴŀƭƭȅ ǎǳōŘƛǾƛŘŜŘ [ƻƴƎǿŜƭƭΩǎ όмфсрύ [ŀǎ ±ŜƎŀǎ CƻǊƳŀǘƛƻƴ ƛƴǘƻ ǎŜǾŜƴ ǳƴƛǘǎ during the 

1962-мфсо ά.ƛƎ 5ƛƎέ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ŜȄǇŜŘƛǘƛƻƴ (Figure 2)Φ  ¢ƘŜǎŜ ǳƴƛǘǎ ǿŜǊŜ ŘŜǎƛƎƴŀǘŜŘ ά!έ ǘƘǊƻǳƎƘ άDΣέ 

with A as the oldest unit (Haynes, 1967; Quade, 1986; Springer and Scott, 2003). 

 

 

Figure 2. Cross section of Tule Springs stratigraphy, generalized and without scale. From Haynes (1967). 

 

Units A and B are the oldest and most poorly exposed units as described by Haynes (1967).  Outcrops of 

A and B are almost exclusively found in the Tule Springs Area, and are buried by younger sediments in 

Corn Creek Flat (Quade, 1986).   

Unit A is a fluvial unit, and is not well exposed except in some areas near the base of the wash wall 

(Haynes, 1967; Quade, 1986).  A soil (S1) overlies the unit, and was strongly calichefied post erosion.  

Unit A is estimated to be roughly 250 ς 225 k yrs old (Springer et al., 2011). 

Unit B occupies channels inset into unit A (Figure 2), and is divided into three subunits, B1, B2, and B3.  

This series records an alternating sequence between dry and wet conditions (Haynes, 1967; Quade, 

1986).  Palynological data suggests that the valley contained predominantly sagebrush, an indicator of 

Great Basin flora during the deposition of Unit B (Quade, 1986). 
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Vertebrate and invertebrate fossils are found throughout Unit B, along with fossil wood (Haynes, 1967).  

Multiple localities containing bones also contain evidence of spring feeders (Haynes, 1967). 

 

 

Figure 3. Hills displaying AB contact.  Unit A consists of poorly sorted carbonate rubble with aridosol overprinting, and high 

incidence of fluvial/alluvial discharge.  Unit B is inset partially into Unit A, and is finer grained. 

 

Unit B1 is a gravel facies, topped by a strong paleosol (S2) which is superimposed upon S1 in places.  

Erosion following the development of S2 left remnants of the resistance Cca horizon (Haynes, 1967).  S2 

is primarily found in the Corn Creek area of the North Unit, and absent from  

Unit B2Σ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƎǊŜŜƴ-ǇƻƴŘ ǳƴƛǘΣέ ƛǎ ǘƘŜ ƳƛŘŘƭŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ . ǎŜǊƛŜǎΣ ŀƴŘ ƘƻƭŘǎ 

evidence that conditions at the site were moister than modern (Haynes, 1967; Quade, 1986).  Shallow 

aquatic mollusk shells are commonly found throughout channels and clays likely deposited in shallow, 

spring-fed ponds which follow the ancestral Las Vegas Wash (Haynes, 1967; Quade, 1986).  Aquatic 

pollen types have been collected from this unit in trench D, which also support this interpretation 

(Haynes, 1967).  The lower part of Unit B2 is host to a number of buried spring-feeder conduits which 

were exposed during the 1962-63 excavation (Haynes, 1967).  Unit B2 contains wood fragments that 

were dated in excess of 40 k yrs, and this date is further supported by the presence of extinct elephant, 

horse, camel, and bison remains (Haynes, 1967; Quade, 1986). 

Unit B3 conformably overlies Unit B2 and contains lithology similar to the alluvial silt of B1 (Haynes, 

1967).  This unit represents a brief return to alluvial depositional conditions following the stream 

discharge episode of Unit B2 (Haynes, 1967).  A strong soil designated S3 is evidence of a period of 

erosional-depositional stability, and is more well developed than soil S2 on Unit B1 (Haynes, 1967). 
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Unit C has been phased out of the traditional Las Vegas Formation nomenclature, but appears in older 

literature.  Haynes (1967) previously denoted a fluvial Unit C, which had the appearance of being 

interbedded with Unit D.  This unit was re-examined and dated by 14C and luminescence techniques 

which yielded ages consistent with both Unit B3 and Unit D (Manker et al., 2015).  Trench K contains 

deposits of both B3 ŀƴŘ ά/έ ǘƘŀǘ ȅƛŜƭŘ ǎƛƳƛƭŀǊ ŘŀǘŜǎΦ  ¢ƘŜ ŜȄǇƻǎǳǊŜǎ ǘƘŀǘ ƳŀǘŎƘ ǿƛǘƘ ¦ƴƛǘ 5 ŀǊŜ ǘŀƴΣ ŎƭƛŦŦ-

forming deposits in the west flank of the Upper Las Vegas Wash, and grade into dry marginal facies of 

Unit D (Manker et al., 2015). 

Unit D is the most widespread and best-exposed unit in the area, and has produced numerous 

significant localities containing megafauna (Quade, 1986; Springer and Scott, 2003).  It is a whitish, 

carbonate-littered outcrop that visually dominates the badlands of Corn Creek and Tule Springs (Quade, 

1986).  The unit is comprised primarily of fine-grained valley margin deposits, preserving fluvial 

bedforms and cicada burrows (Springer and Scott, 2003).  Gastropod shells in this unit are dated with a 

range of 31,300 ± 2,500 yrs BP to 22,600 ± 2,500 yrs BP, and corrected by Haynes (1967) based on the 

age of other carbonate-carbonized wood pairs and a rough estimation of sedimentation rate to 15,000 

yrs BP at the top of Unit D.  Green mudstones which are likely part of Unit D underlie the southern and 

lower portion of Corn Creek Flat (Quade, 1986).  The full thickness of this unit is rarely observed due to 

deflation and erosion of the upper portion.  

Unit D lends itself to paleoenvironmental reconstruction, due to its record of well-preserved 

paleoclimatological indicators (Rowland and Bonde, 2015).  Abrupt transitions between cold and warm 

climate, wet and dry conditions, and the response by a wetland system are all recorded in the sediments 

of this unit (Manker et al., 2015).  Unit D is at least partially correlative with late Wisconsin glaciation 

lacustrine deposits throughout the Great Basin, such as Lake Lahontan and Searles Lake (Quade, 1986). 

Several subunits were denoted by Haynes (1967), D1 shows evidence of discharge episodes separated by 

erosion and soils which represent periods of surface stability (Manker et al., 2015).  This unit is dated to 

about 35,000 to 34,000 yrs BP and exhibits lithology consistent with both pond (limnocrene) and stream 

(rheocrene) discharge (Manker et al., 2015) (Figure 4). 

Unit D2 has been dated to between 31,000 to 27,500 yrs BP and exhibits lithology consistent with marsh 

discharge (helocrene).  Unit D3 has a similar lithology, but has been dated to 25,800 to 24,400 yrs BP 

(Manker et al., 2015). 
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Figure 4.  Units B1 and B2 overlying Unit A.  Unit B1 represents a dry period, with storm/flood intervals.  Unit B2 represents a wet 

interval, with spring discharge features.  Unit D is a carbonate cap formed very quickly in wet conditions. 

 


