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ABSTRACT 

The well-known early archaeology at Naval Air Weapons Station (NAWS) China Lake in east-central 
California currently lacks strong historical context, making stewardship, determinations of eligibility for the 
National Register of Historic Places, and management of these cultural resources, as required by Section 110 of 
the National Historic Preservation Act, a difficult task for all federal agencies. This is in part because the earliest 
sites are difficult to accurately date within the Terminal Pleistocene or Early Holocene (15,000 to 8,000 years 
ago). They are also thinly spread over vast tracts of land, leaving the regional context for understanding their 
significance equally thin and poorly understood. 

This study, funded by the Department of Defense Legacy Resource Management Program (Project 07-
349, Cooperative Agreement Contract Number W912DY-07-02-0042 [W31RYO72277563]) takes a regional, 
multi-agency approach to build a strong and comprehensive context by partnering NAWS China Lake with 
contiguous and nearby federal land-managing agencies in the Mojave Desert, including the Fort Irwin National 
Training Center (NTC), the National Park Service (Death Valley National Park and Mojave National Preserve), 
and the Bureau of Land Management (BLM). The project is multi-disciplinary, using a global perspective and 
paleoenvironmental context. The results are designed to substantially aid National Register determinations of 
eligibility by identifying current data gaps and systemizing data collection. As such, it will facilitate developing 
and tailoring future research designs for early site management. By examining sites associated with the earliest 
occupations in the region, the project will also aid Native Americans, inclusive of designated Tribal Historic 
Preservation Officers at Mojave Desert Tribes, in understanding their cultural history. 

This report presents Step 1 of the study—a paleoenvironmental landscape reconstruction of the 
Terminal Pleistocene/Early Holocene in the north-central Mojave Desert. Specifically, the investigations focused 
on the ancient hydrology and geomorphology of the China Lake Basin area, which was once part of the extensive 
Owens River pluvial lake system that extended from Mono Basin to Death Valley. Situated fully on NAWS 
China Lake, the basin has the highest concentrations of Terminal Pleistocene/Early Holocene archaeology in the 
Mojave Desert. As such, it is the ideal setting to investigate the timing and nature of early human settlement in 
the Mojave Desert and assess how world-wide climatic changes associated with the Pleistocene/Holocene 
transition impacted early prehistory in western North America. 

The extent that ancient lakes and wetland habitats were critical to the earliest occupants of the Mojave 
Desert remains uncertain and much debated. This is largely because the pluvial history of Lake China remains 
poorly understood, inferred mainly from lacustrine records obtained from nearby contexts such as Owens and 
Searles lakes. The current study gathered new, independent geological data directly from the China Lake Basin 
environs to reconstruct the Terminal Pleistocene and Early Holocene paleoenvironment. This included previously 
undocumented geologic stratigraphic records of the Pleistocene/Holocene transition in local washes emanating 
from the adjacent Sierra Nevada, inflow records along the Owens River channel leading to China Lake, within 
the China Lake Basin itself, and at the China Lake overflow channel. 

Step 1 of the project—reconstructing the paleoenvironment during the Pleistocene/Holocene transition 
(15,000-8000 cal BP)—was an unqualified success and provides a firm foundation for creating a strong historical 
context for the early archaeological sites in this region (which will be carried out in Step 2 of the project). This 
new paleoenvironmental reconstruction provides a strong and compelling three-stage geomorphic and 
hydrological transition between 15,000 and 8,000 years that documents the demise of pluvial conditions and the 
deterioration in effective moisture. Pleistocene pluvial lake levels declined and China Lake and Searles lake basins 
became hydrologically separated by ~13,400 cal BP. China Lake, however, persisted until just after 13,000 cal BP. 
Subsequently, localized wetland habitats flourished as high groundwater levels and spring discharge continued to 
deliver surface flows to local washes and the China Lake Basin area. These wetland habitats largely disappeared by 
~9000 cal BP as groundwater levels dropped, and alluvial fan deposition increased. This newly developed 
hydrological record from the NAWS China Lake area facilitates better understanding of the greater Mojave 
Desert and southwestern Great Basin, indicating that region-wide climatic shifts from the Terminal Pleistocene 
through the Early Holocene were responsible for these patterns. The timing of these changes coincides well with 
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evidence from Greenland ice cores, demonstrating that geomorphic changes in the Mojave Desert during the 
Pleistocene/Holocene transition represent threshold responses to world-wide climate change. 

As such, these results provide a firm foundation for conducting Step 2 and successfully completing the 
overall project objectives. This entails creating a strong historical context for understanding the archaeology of the 
Terminal Pleistocene and Early Holocene. This will strengthen stewardship, provide a consistent and rigorous 
basis for determinations of eligibility for the National Register of Historic Places, and greatly assist in the 
management of these cultural resources, as required by Section 110 of the National Historic Preservation Act. 
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1. INTRODUCTION 

This multi disciplinary project is designed to provide a new historical context for the poorly understood 
Terminal Pleistocene/Early Holocene archaeology in the Mojave Desert of east-central California. The project is 
funded by the Department of Defense (DoD) Legacy Resource Management Program (Project 07-349, 
Cooperative Agreement Contract No. W912DY-07-02-0042[W31RYO72277563]). The study was 
administered by the US Department of the Army Corps of Engineers, Engineering and Support Center; managed 
by the DoD Legacy Resource Management Program; and carried out by Far Western Anthropological Research 
Group. The aim of the Legacy Resource Management Program is to provide resources for protecting, enhancing, 
and conserving natural and cultural resources on DoD lands through stewardship, leadership, and partnership. 

This study takes a regional multi-agency approach that partners NAWS China Lake with contiguous 
and nearby federal land-managing agencies, including the Fort Irwin National Training Center (NTC), Death 
Valley National Park, the Mojave National Preserve, and the Bureau of Land Management (BLM), along with 
Native American Tribes (Figure 1). The results will have direct military benefits by aiding stewardship, 
determinations of eligibility for the National Register of Historic Places, and management of these early sites 
throughout the arid west. 

The project consists of two main components: 1) a paleoenvironmental reconstruction of the dynamic 
ancient landscape during the Terminal Pleistocene and Early Holocene (15,000 to 8,000 years ago); and 2) 
construction of a GIS-derived diachronic model of early settlement in paleoenvironmental context (based in large 
part on re-analysis of existing archaeological material using new dating methods). Owing to the scale of the project, 
funding was only provided for Step 1: reconstructing Mojave Desert pluvial lake histories and hydrological regimes 
at the end of the Ice Age. A subsequent proposal will be submitted for funding Step 2 of the project. 

This report presents the results of Step 1 of the project and consists of six chapters. Chapter 2 
summarizes the overall project goals and design, while Chapter 3 provides a brief environmental and cultural 
background for the study area. Chapter 4 presents the approach, fieldwork, and laboratory results for the 
paleoenvironmental investigations. In Chapter 5, these results are placed in broader contexts and a Terminal 
Pleistocene/ Early Holocene paleoenvironmental reconstruction is presented. The report concludes in Chapter 6 
with a brief discussion of the approach that will be taken in Step 2 of the study. 
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2. OVERALL PROJECT GOALS AND DESIGN 

The Mojave Desert and the Great Basin have perhaps the most extensive archaeological records for early 
human occupation in North America. This record is largely comprised of small surface scatters of archaeological 
material, typically represented by distinctive early flaked stone artifacts often referred to as characteristic of the 
Clovis and Paleo-Indian archaeological complexes. This early occupation began near the end of the last Ice Age, a 
period of time referred to as the Terminal Pleistocene/ Early Holocene (between 15,000 and 8,000 years ago). 
NAWS China Lake has long been recognized as having one of the largest concentrations of early prehistoric 
cultural material (e.g., Davis and Palaqui 1978), even exceeding the impressive archaeological assemblage 
associated with the margins of Pleistocene Lake Mojave in the Mojave National Preserve (e.g., Campbell and 
Campbell 1937). At NAWS China Lake, these archaeological sites are concentrated in the low-lying China Lake 
Basin. Yet throughout the west, the regional context for understanding the significance of these resources remains 
poorly developed and not well understood. This makes National Register evaluations, stewardship, and 
management of the earliest sites challenging and often unsystematic. 

This study takes a regional perspective toward building a strong historical context for understanding 
Terminal Pleistocene/ Early Holocene archaeology of the Mojave Desert (Figure 2). This broad-based approach 
encompasses 5,000 square miles, and includes the jurisdiction of numerous federal land-managing agencies 
(including the Fort Irwin NTC, the BLM, Death Valley National Park, and the Mojave National Preserve). 
Such a broad-scale approach is appropriate because early inhabitants of the arid west were mobile hunter-
gatherers who may have traversed across large tracts of land each year. Thus, a small-scale study would only 
encompass a limited piece of extensive settlement systems, and makes it difficult to appreciate the full range of 
early human/land interplay. 

In addition, these small, mobile bands of hunters-gatherers typically focused on infrequent (sporadic) but 
very rich environmental settings within the desert. As the last Ice Age ended, substantial global climatic changes 
took place, including unprecedented warming and cooling events that significantly impacted rainfall patterns, the 
landscape, and its flora and fauna. Indeed the climate changed and fluctuated on an amplitude and with a 
frequency that nature has not approached since. Desert lakes, a distinctive aspect of the Pleistocene pluvial 
ecosystem, dried up during this period of dramatic climatic change. Probably the most prominent Pleistocene 
pluvial system was the series of linked lakes that began with Owens River flowing into Owens Lake on the east side 
of the Sierra Nevada, which then overflowed into Lake China (on NAWS China Lake), then into Lake Searles 
(partially on NAWS China Lake), then into Lake Panamint, and finally continued to its terminus at Lake Manly 
(in Death Valley National Park). Given that the ancient (paleo-) environment of the region was very different than 
today, it is necessary to gather data to reconstruct its precise character. This broad regional perspective will allow us 
to identify productive environmental settings at different points in time at the end of the Ice Age. 

The earliest archaeology in the west (especially well-represented at NAWS China Lake and Fort Irwin 
NTC) can only be understood in a broad regional context that takes into account a rapidly changing 
paleoenvironment. Therefore, this project takes a multi-disciplinary, global perspective toward reconstructing 
hydrological regimes and pluvial lake histories at the end of the Ice Age (Step 1), and the nature and spatial 
distribution of the Terminal Pleistocene/Early Holocene archaeological record within this regional ecological 
context (Step 2). The project also capitalizes on recent insights into the global climate, such as from the 
Greenland ice cores, and employs innovative and new methods and analytical tools to comprehensively examine 
large-scale archaeological patterns. 

This report concerns Step 1 of the project, developing a paleoenvironmental reconstruction for the 
region. Surprisingly, the pluvial history of ancient China Lake has never been rigorously studied, despite its rich 
early archaeological record. The approach we have taken has been to gather new independent data from geological 
localities on the ancient hydrology of China Lake Basin (including inflow sources, the basin itself, and its 
output/overflow history). With these results, the history of the region’s ancient lakes and the timing of pluvial 
conditions can be reconstructed. This model can then be compared and contrasted with existing reconstructions  
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of the pluvial history of the Mojave River system, which terminated at Pleistocene Lake Mojave (in the Mojave 
National Preserve). These results will provide new insight on how dramatic global climatic changes at the end of 
Pleistocene impacted paleoenvironments in the Mojave Desert and the timing and scale of these changes. 

The paleoenvironmental baseline will then provide a foundation for subsequent Step 2, which will 
include analysis of pollen from alluvial cutbanks, cores, and packrat middens to refine reconstructions of ancient 
plant communities in the region; re-analysis of Terminal Pleistocene/ Early Holocene archaeological materials; 
and the synthetic integration of paleoenvironmental and archaeological results through GIS spatial modeling. 

Completion of Step 2 will result in a new and appropriate historical context for the Terminal 
Pleistocene/Early Holocene archaeology of the Mojave Desert. The final product will aid in National Register 
eligibility determinations by identifying current data gaps, and greatly assist in the development and tailoring of 
research designs for future Section 106 and Section 110 efforts at Early sites. This will, in turn, facilitate 
management decisions for desert land managers, assist SHPOs and THPOs (such as the Big Pine Paiute and 
Shoshone Timbisha tribes), and greatly benefit the military mission of both NAWS China Lake and Fort Irwin 
NTC, as well as at nearby Marine Corps Air Ground Combat Center (MCAGCC) 29 Palms. 

The project is scaled to the regional level, and puts NAWS China Lake at the lead in a multi-agency 
consortium that includes contiguous and nearby federal land-managing agencies. The use of a multi-disciplinary, 
global perspective and employment of innovate laboratory techniques allows NAWS China Lake to take a 
leadership role in managing early archaeology in the Mojave Desert. The final product will fill some existing data 
gaps, provide clarity on remaining information needs, and summarize current knowledge concerning Terminal 
Pleistocene/ Early Holocene sites. As a result, the funding will aid Early site NRHP eligibility determinations; and 
assist land managers throughout the arid west, western states’ SHPOs, and Mojave Desert THPOs in addressing 
future National Historic Preservation Act Sections 106 and 110 needs. 
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3. REGIONAL NATURAL AND CULTURAL CONTEXT 

This chapter provides a brief contextual overview that sets the stage for our investigation of Terminal 
Pleistocene and Early Holocene human adaptations. Initially, the modern setting is summarized; then prior 
paleoenvironmental reconstructions are discussed. Finally, the archaeological record is reviewed with special 
emphasis on normative perspectives and lacunae in our understanding of regional adaptive trends. 

MODERN SETTING 

Mojave Desert 

The study area falls within the Mojave Desert, and the four main federal land-holding agencies involved 
in the project are well-distributed across this region (see Figure 2). The Mojave Desert extends east from the Sierra 
Nevada, Tehachapi, San Bernardino, and San Gabriel mountains to the Colorado River, and south from Death 
Valley to near the northern edge of the Salton Trough. As such, it falls mainly within California, with the 
northeastern portion extending into southernmost Nevada. 

The Mojave Desert is part of the greater southern Basin and Range physiographic province, and is 
generally considered a subdivision of the larger Great Basin within intermountain western North America. The 
Basin and Range province is characterized by multiple, roughly parallel, fault-block, and volcanic mountain 
ranges separated by broad valleys. Within this province, the Mojave Desert is a transition between the high, cold 
desert-steppe of the Great Basin to the north, and the low, hot, Colorado and Sonoran deserts to the south and 
southeast. In general, the region is typified by large alluvial fans emanating from steep mountain ranges and playas 
in valley bottoms. 

The Mojave Desert climate is characterized by very low rainfall, high temperatures, extreme intra-daily 
variation in temperature, and periodic high winds (Thompson 1929:69). In contrast to the Great Basin farther 
north, the Mojave is considered a hot desert, with maximum winter temperatures averaging about 15 °C (60 °F) 
and summer temperatures averaging between about 35 and 39 °C (96 and 102 °F). 

Rainfall is sporadic, and any single locality can go years without measurable precipitation (Major 1977). 
Rainfall in the region includes winter (October through April) precipitation from storms eastward from the Pacific, 
and summer rainfall (May through September) driven by Sonoran monsoonal storms originating to the south 
(Bryson 1957). The months with the most precipitation include November through February and July through 
August. The majority of annual rainfall, however, occurs in winter, between December and March. This is unlike 
the Colorado Desert to the south, where as much as half of annual precipitation derives from summer monsoons. 
Surface water is rare, save for the occasional spring or rare pools left after winter storms and summer monsoons. 

The greater Mojave Desert biome is composed of a mosaic of different plants adapted to xeric desert 
conditions (Barbour and Major 1988). Though generally lacking diversity, it includes species commonly found in 
both the Great Basin and the Sonoran Desert. Elevation, temperature, sediments, geology, slope, and other factors 
result in different vegetation communities within the greater Mojave Desert biome. Creosote-dominated 
vegetation communities, however, are the most pervasive in the region. 

Northwest Mojave Desert 

This project is focused on the China Lake Basin within NAWS China Lake in the northwestern portion 
of the Mojave Desert. The basin falls within Indian Wells Valley, an enclosed hydrological sink extending a 
maximum of 55 miles north-south and 30 miles east-west (Figure 3). Rose Valley and the China Lake Basin, both 
of which are referred to frequently in this report, are subsets of Indian Wells Valley. The valley is a down-
dropped, bedrock basin, in-filled with as much as 6,200 feet of lacustrine and alluvial sediments. Elevations range 
from 2,150 feet above mean sea level (amsl) on the China Lake playa to about 3,000 feet amsl at the top of the 
alluvial piedmont rimming the valley. Reaching elevations above 8,000 feet, the Sierra Nevada Mountain Range 
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lies immediately to the west, while the Coso Range lies to the north, and the Argus Range to the east. The El Paso 
Mountains and Black Hills separate Indian Wells Valley from Fremont Valley to the south, the latter separated 
from the Antelope Valley farther southwest by the Rand Mountains, Rosamond Hills, and Bissel Hills. Each of 
the basins in the northwestern Mojave is distinguished by a valley-bottom playa. These include the playas at 
China Lake and Airport Lake in Indian Wells Valley, Koehn Lake in Fremont Valley, and Rogers, Buckhorn, and 
Rosamond lakes in Antelope Valley. 

Aridity in the northwestern Mojave Desert is mainly a product of its southern latitude and position east 
of the Sierra Nevada and Peninsular ranges. Due to the north-south orientation of these mountain ranges, 
prevailing westerly winds are cooled as they rise to overcome the mountain crests, causing them to release heavy 
moisture. This results in high amounts of rain and snow on the windward, west-facing slopes of the Sierra and 
Peninsular ranges, but creates a rain shadow on the eastern side. 

Typically, between 3.0 and 6.5 inches of rain fall occurs each year in Indian Wells Valley (as measured at 
NAWS China Lake’s Weather Station). Higher elevations surrounding the valley receive light snowfall from 
November through April, generally dissipating within a few days. Springs and small seeps provide the primary 
surface water in the valley, but during rare periods of intense rain, the playa of China Lake Basin holds up to 
several inches of water. Any number of ephemeral drainages originating in the Sierra Nevada, Argus ranges, and 
ranges to the south deliver surface flows to China Lake Basin, although, these too are rare. In fact, not a single 
perennial stream currently exists within Indian Wells Valley. 

The hot, arid China Lake Basin and Indian Wells Valley fall within the Mojave Creosote bush scrub 
formation (Küchler 1976). This desert scrub vegetation includes extensive tracts of Creosote Bush Scrub, Saltbush 
Scrub, and Alkali Sink plant communities, the latter associated with the dry lake-bed playas. Creosote bush 
(Larrea tridentata) tends to form large homogenous tracts, frequently with its principle associate burrobush 
(Ambrosia dumosa), in the coarse, well-drained soils on the valley bottoms, alluvial piedmonts, and surrounding 
slopes to an elevation of around 3,500 feet amsl (Holland and Keil 1990; Silverman 1996). Saltbush Scrub 
communities occur primarily on the low-lying desert plains adjacent to the ancient lake-bed playa and are 
primarily composed of members of the goosefoot family (Chenopodiaceae). Allscale (Atriplex polycarpa) is the 
most common species in Indian Wells Valley, forming uniform tracts along the edges of China Lake playa. Alkali 
Sink Scrub occurs in the highly saline zone surrounding the playa and is transitional between the Saltbush Scrub 
community and the barren salt flats of the former lake bed. Common species within the Alkali Sink community 
include desert holly (Atriplex hymenelytra), allscale, and saltgrass (Distichlis spicata). 

A variety of species of passerine and raptorial birds, joined periodically by migratory waterfowl drawn by 
the few perennial springs and infrequent playa lakes, occur in the region. Small mammals are also common in the 
valley including ground squirrels (Spermophilus spp.), pocket mice (Prognathus spp.), woodrats (Neotoma spp.), 
black-tailed jackrabbit (Lepus californicus), and desert cottontail (Sylvilagus audubonii). Coyote (Canis latrans), 
desert kit fox (Vulpes macrotis), badger (Taxidea taxus), ringtail cat (Bassariscus astutus), bobcat (Lynx rufus), and 
mountain lion (Felis concolor) are the principle carnivores. Mule deer (Odocoileus hemionus) and desert bighorn 
sheep (Ovis canadensis nelsoni) are also known to occupy higher elevations in this region. 

PALEOENVIRONMENT 

Paleoclimate in Global Perspective 

Environmental conditions in the past were different than they are today. During the Late Pleistocene and 
Early Holocene, the climate was generally cooler and periodically much wetter. Recent high-resolution proxy 
climate data from annually layered ice cores, particularly in Greenland and Antarctica, have refined our 
understanding of how changes in climate affected the globe during the Late Pleistocene and Early Holocene 
(Alley 2000; Alley et al. 2003; Charles 1998). A tight chronology of events at less than the decade level of 
resolution are now available that chart the magnitude and timing of climatic events (Grachev and Severinghaus 
2005; Severinghaus and Brook 1999; Severinghaus et al. 1998; Steffensen et al. 2008; Taylor et al. 1997). These 
developments in global paleoclimate reconstruction provide an opportunity to more tightly link varied lines of 
paleoenvironmental evidence (including lake cores, site pollen, geoarchaeology, and archaeological information), 
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reconcile contradictory aspects of earlier reconstructions, and more accurately assess the role of climate change in 
prehistoric occupation trends during this time frame. Results are briefly summarized below. All dates throughout 
this report are referred to in calibrated years before present, rather than radiocarbon years, unless otherwise noted. 
Calibrated ages are a more accurate reflection of the true timing and length of past events, and allow correlation 
with high resolution paleoclimate records developed from annualized phenomena (e.g., varve counts, growth 
increments) and radiocarbon dates developed from different kinds of carbonate fractions (e.g., wood, tufa, 
mollusk shell).  

Global climatic changes were both rapid and extreme during the Late Pleistocene and Early Holocene 
(Severinghaus and Brook 1999; Severinghaus et al. 1998; Grachev and Severinghaus 2005; Steffensen et al. 
2008). At the height of the last glacial maximum, 22,000 cal BP, it was much colder and drier than today (at least 
five to seven °C). During this period of climatic change and fluctuation, there were two remarkable events when 
temperature increased rapidly and dramatically. The first event occurred about 14,600 ± 300 cal BP, marking the 
start of the Bølling climatic regime (Severinghaus et al. 1998), and the second took place 11,570 ± 10 cal BP at 
the onset of the Preboreal era (Severinghaus and Brook 1999). During both events, mean annual temperature 
increased globally, and in Greenland where the most detailed information has been obtained, it increased 9 ± 3 °C 
(16 ± 5 °F). Each of these climate events occurred within one or two decades, in other words, less than one 
generation (Severinghaus and Brook 1999; Severinghaus et al. 1998). This global warming trend, ultimately 
marking the end of the last Ice Age, was slowed and partly reversed during a cooler interval between 12,900 and 
11,570 cal BP termed the Younger Dryas. It should also be noted that the transition to the Younger Dryas took 
place over a 100-year period, considerably slower than the Bølling and Preboreal rapid warming events 
(Severinghaus et al. 1998; Severinghaus and Brook 1999; Taylor et al. 1997). 

The implications of these high amplitude global events on local environmental sequences and human 
adaptations have yet to be fully realized as it takes time to re-examine existing information and gather new data. 
Overall, the northward retreat of ice sheets at the end of the Pleistocene in the northern hemisphere led to a 
northward shift in the jet stream and a change in the distribution of storm systems. However, the impact of these 
rapid warming events and the intervening Younger Dryas cold interval on global circulation patterns, rainfall, and 
vegetation is increasingly the subject of research in a variety of settings world-wide, including the Great Basin 
(e.g., Madsen 1999). There are also emerging indications that the nature and scale of paleoenvironmental changes 
may have varied greatly between regions within North America (e.g., Meltzer and Holliday 2010). 

The causal factors underlying these rapid changes in global climate (both the two rapid warming events 
and the somewhat slower cooling reversal) remain obscure. Recently, there has been much speculation regarding 
the causes of the Younger Dryas cooling episode. Probably the most controversial interpretation is that this 
cooling event was precipitated by an extraterrestrial impact (such as a comet or meteorite) and directly brought 
about the demise of the Pleistocene megafauna (e.g., Firestone et al. 2007). In North America, 34 species of 
Rancholabrean megafauna went extinct, including ten species that were larger than a ton in average weight. 
Notable species were Pleistocene horse, camel mammoth, mastodon, dire wolf, American lion, sloth, and tapir. 
This ET theory has been met with enthusiasm (Kennet et al. 2008), cautious interest (Haynes 2008; Faith and 
Surovell 2009), and skepticism (Gill et al. 2009; Surovell et al. 2009). Most notably, there have been questions 
raised regarding whether there is indeed evidence of a large extraterrestrial impact event and whether a number of 
these species had already gone extinct prior to the Younger Dryas. 

Mojave Desert Paleovegetation 

Late Pleistocene and Early Holocene proxy paleoclimatic and paleoenvironmental records (especially 
geomorphic, pollen, and packrat midden analyses) provide a dynamic diachronic picture of Mojave Desert 
paleoenvironments (Drover 1979; Enzel et al. 1992, 2003; Enzel and Wells 1997; Koehler and Anderson 1998; 
Koehler et al. 2005; Tchakerian and Lancaster 2002; Spaulding 1990; Wells and Anderson 1998; Wells et al. 
1989; Wells et al. 2003; West et al. 2007). 

During the Late Pleistocene (between about 25,000 and 12,000 years ago) semiarid-to-arid conditions 
also prevailed in the northwestern Mojave Desert due to the rainshadow of the Sierra Nevada. Much cooler 
temperatures than today, however, made effective precipitation much higher. As a result, Pinyon-juniper 
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woodland was widespread at elevations between about 1,000 and 1,800 meters (3,280 and 5,900 feet); and 
Juniper woodland was dominant below 3,000 feet (Spaulding 1990; Minnich 2007). In Death Valley, Utah 
Juniper and Whipple yucca (Yucca whipplei) thrived in an area today dominated by Mojave Desert scrub (Wells 
and Woodcock 1985). 

Koehler et al. (2005) notes that the rare occurrence of pinyon north of latitude 36° N (immediately 
north of the China Lake Basin) during the Late Pleistocene is characteristic of a paleoecotone that bisected the 
northern Mojave at this time. North of this latitude, Juniper-steppe with an understory of cold-adapted shrubs is 
characteristic of relatively cold winter temperatures, whereas the common occurrence of pinyon and Whipple 
yucca, and the rare presence of steppe shrubs south of 36° N, is consistent with milder winters. 

Recently, Gill et al. (2009) has argued that Terminal Pleistocene megafauna extinctions had a profound 
effect on ancient vegetation patterns. In addition, Gill et al. (2009) assert that the demise of these “keystone 
megaherbivores” began well prior to the Younger Dryas. In eastern North America, their extinction led to a rise in 
hardwood forest and ultimately more extensive forest fires. Although the precise implications for the Mojave 
Desert are uncertain, undoubtedly rapid vegetation changes and novel plant associations lacking modern analogs 
characterized the Terminal Pleistocene. 

At the end of the Pleistocene, vegetation began to shift toward modern geographic patterns (Koehler and 
Anderson 1998; Koehler et al. 2005; Wigand and Rhode 2002). Initially, the distribution of pinyon pine greatly 
decreased, and desert thermophiles migrated northward. By about 11,650 years ago (the start of the Holocene) 
climate warmed enough to classify the region as a hot desert, and that much of the region was dominated by 
species typical of the modern upland Mojave Desert community (<1,300 meters). These included juniper, 
wolfberry, cliffrose, and desert almond. Though Middle Holocene (starting around 8,000 years ago) climates are 
now seen as substantially more variable than Antevs’ (1948) initial conception of a warm, dry Altithermal, it 
appears that the Holocene warming and drying trend continued during this period. This helped foster the 
evolution of modern, xerically adapted vegetation communities. 

Mojave Desert Paleolandscape 

Clearly, climate, hydrology, and vegetation were significantly different before about 15,000 years ago, 
during the Late Pleistocene than after. Runoff from surrounding mountains was of an order of magnitude greater 
than today, and greater effective moisture allowed lakes to retain substantial amounts of water. At times during 
the Late Pleistocene, large lakes were widespread in the Great Basin. Within the Mojave Desert, the most 
extensive was the Owens River system (Figure 4). At its maximum, this was a 450-kilometer-long network of 
interconnected lakes and rivers that originated at Lake Russell in Mono Basin, flowed into Owens Lake on the 
east side of the Sierra Nevada, which then overflowed into Lake China (on NAWS China Lake), then into Lake 
Searles (partially on NAWS China Lake), then into Lake Panamint, and finally continued to its terminus at Lake 
Manly in Death Valley National Park (Benson et al. 1990, 1996, 1997, 1998; Gale 1914; Garrett 1991; Grayson 
1993; Smith 2010). 

The Mojave River drainage also carried regular, if not perennial, flows during the Late Pleistocene, 
forming a series of associated lakes (Enzel et al. 1989; Tchakerian and Lancaster 2002; Wells et al. 2003). This 
long river has its origins in the San Bernardino Mountains in the Transverse range along the southern edge of the 
Mojave Desert. During this pluvial period associated with higher precipitation and major flood events, a series of 
Pleistocene lakes were formed at the lower reaches of this system. These included, starting upstream, Lake Manix, 
Cronese Lake, and Lake Mojave. Lake Mojave encompassed modern playas of Soda Lake and Silver Lake, of 
which the former lies within the Mojave National Preserve. 

During the Pleistocene, the Owens River system drained almost the entire eastern Sierra front, from 
Mono Lake to China Lake, and extended well into the Mojave Desert through Searles Valley and Panamint 
Valley before ending in Death Valley (Figure 5). When Owens Lake reached its outlet at an elevation of about 
1,145 meters (3,756 feet), it overflowed to Rose Valley which, in turn, overflowed into Indian Wells Valley and  
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China Lake. China Lake would in turn overflow into Searles Valley when it reached an elevation of between 
about 665 and 670 meters (2,180 and 2,200 feet) or approximately ten to 16 meters (53 to 33 feet) in depth 
(Benson et al. 1990; Gale 1914; Rosenthal et al. 2001; Smith and Street-Perrott 1983; Warren 2008). Searles 
Lake then had to fill to a depth of approximately 172 meters (564 feet) before it coalesced with the waters of 
China Lake to form pluvial Lake Searles. This lake rose until it reached its sill with Panamint Valley where it 
would have been almost 200 meters deep (656 feet), maintaining a surface elevation of 690 meters (2,264 feet). 
By the Late Pleistocene, however, the paleo-Owens River only connected the intermediate basins of Owens, 
China, Searles, and Panamint lakes (Smith and Street-Perrott 1983); today the river terminates at the nearly dry 
lakebed of Owens Lake. 

As the hydrologic “gatekeeper,” the Owens River system, and Owens Lake in particular, has been most 
extensively studied via a series of lake cores (Benson 2004; Benson et al. 1996; Benson et al. 1997; Phillips 2008; 
Phillips et al. 1996) and descriptive and chronological analysis of littoral environments and neotectonics (Bacon et 
al. 2006; Orme and Orme 2008). Several studies have also focused on stratigraphy of Lake Searles, providing 
reconstructions of this pluvial lake’s history (Ramírez de Bryson 2004; Smith 1979, 2010; Smith and Street-
Perrott 1983; Benson et al. 1990). 

Based on these studies, two contrasting models now exist for the Owens River system. One 
reconstruction has its origins at Lake Searles and is consistent with prevalent lake-level reconstructions elsewhere 
in the Great Basin (Madsen 1999). This model tends to correlate high lake levels with cold intervals (such as the 
Younger Dryas). In contrast, a newer model proposed by Benson et al. (1997), drawing on recent Owens Lake 
coring, aims to link the results with global climate patterns (see also Benson et al. 2003). They argue that Late 
Pleistocene cold intervals were dry and, hence, lake levels were lower, while warm intervals were wet with 
correspondingly high lake levels. There is also considerable difference of opinion regarding when precisely, if at 
all, Owens Lake and China Lake may have overflowed during the Terminal Pleistocene/Early Holocene (Benson 
et al. 1997; Bacon et al. 2006; Smith 2010). Surprisingly, no comprehensive study of pluvial Lake China has been 
undertaken. As such, reconstruction of Terminal Pleistocene/ Early Holocene environmental conditions and lake 
level timings in the China Lake Basin have had to rely on conflicting proxy data from the immediately upstream 
basin (Owens) and the immediately downstream basin (Searles) (e.g., Basgall 2007; Byrd 2007; Giambastiani 
2008; Rosenthal et al. 2001; Warren 2009). 

ARCHAEOLOGICAL CONTEXT 

Western North America 

For many years, the Paleoindian culture referred to as Clovis was considered to reflect the first human 
group to enter and populate the New World (e.g., Haynes 1969; Jelinek 1992). These big game hunters were 
thought to have crossed the Berring land bridge bringing with them a blade-based tool kit (with strong affinities 
to the Upper Paleolithic of the Old World) that included distinctive Clovis spear points (large concave-base 
lanceolate points with a long thinning flake at the base, referred to as fluting) (Collins 1999; Haynes 2002). 
Traveling through an opening in the ice sheets, it is thought that these ancient people “blitzkrieged” through the 
Americas around 13,500 to 12,800 cal BP, possibly decimating the last of the Pleistocene megafauna. 

Clovis sites are best documented in the southwest and the Great Plains (Haynes 2002). The distinctive 
Clovis adaptive strategy then gave way to the Folsom culture (dated between about 12,900 and 11,900 cal BP), 
also represented by wide-ranging, mobile hunters and gatherers who periodically exploited large game (especially 
bison) and retained the fluting technology, albeit on smaller and thinner projectile points (Fiedel 1992). By the 
start of the Early Holocene, at least in the Great Plains, Folsom was replaced by the Plano culture (postdating 
around 11,900 cal BP) that had more varied point forms, all of which were unfluted and typically had 
rectangular bases. 

The Clovis-first perspective has fallen out of favor in recent years owing in part to newly documented 
sites in South America that appear to predate Clovis (Madsen 2004), and recent results from Texas on an 
archaeological assemblage (referred to as the Buttermilk Creek Complex) that stratigraphically underlies and 
predates a Clovis occupation horizon (Waters et al. 2011). Currently there is considerable agreement that humans 
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entered the New World via multiple migrations using both coastal and inland routes (Erlandson et al. 2007a). 
Most scholars view this as a post-glacial maximum process (after 21,000 cal BP), although some have argued for 
pre-glacial maximum incursions as well (Madsen 2004). In short, the Clovis-first paradigm has given way to a 
multifaceted perspective on entry into the New World. Conventional thinking now embraces the likelihood that 
some groups entered in pre-Clovis times, and that other populations with different technologies and adaptive 
strategies than Clovis may have occupied North America during the Terminal Pleistocene. 

These new perspectives have spurred archaeologist to explore fresh ideas for the initial occupation in 
western North America. For example, Erlandson and others (2007b) have elaborated on the coastal migration 
route model. They refer to it as “the Kelp highway,” that entailed travel by boat, exploiting this corridor’s highly 
productive marine resources. This route to South America, of course, may have entailed landings by paleocoastal 
hunter-gatherers along California’s ancient shoreline, which would have been situated westward of the modern 
shoreline, and in most places is now inundated. A single date of about 13,200 to 12,900 cal BP on skeletal 
remains from Arlington Springs (CA-SRI-173) on the northern Channel Islands off the southern California coast, 
has lent credence to this perspective (Johnson et al. 2002). 

Despite the demise of the Clovis-first paradigm, new research continues to enhance our understanding of 
the Clovis complex. Waters and Stafford (2007) recently conducted a new high-precision dating program, and 
their results indicate that the Clovis complex persisted for a much shorter time span than previously estimated—
perhaps only 300 years (from around 13,000 to 12,700 cal BP—11,050 to 10,800 radiocarbon years before 
present [RCYBP]). If correct, this implies that either Clovis populations or Clovis technology rapidly spread 
across an extensive portion of North America. This short chronology, however, has not been fully accepted (Beck 
and Jones 2010; Haynes et al. 2007). 

It has long been recognized that classic Clovis sites have not been documented in California (e.g., 
Moratto 1984). Indeed, with the exception of human skeletal remains from the Arlington Springs site, no 
stratified site in California has been dated to the Clovis time frame (13,500 to 12,800 cal BP). Fluted points are 
also infrequently encountered in California, generally as isolated surface finds (Dillon 2002; Rondeau et al. 2007). 
The two most prominent concentrations of fluted points occur near Tulare Lake in the southern San Joaquin 
Valley and in China Lake Basin (Davis and Panlaqui 1978; Hopkins 1991). Moreover, scholars have recently 
stressed that labeling all fluted points in California as Clovis is inappropriate since these projectiles rarely fall 
within the morphological or metric range of fluted points well-documented at actual Clovis sites in the Southwest 
and the Great Plains (e.g., Byrd 2006; Dillon 2002; Rondeau 2006; Rondeau et al. 2007). Instead, California 
fluted points are typically smaller and thinner, and it has been suggested that they should be referred to under the 
more general rubric of “fluted” or “concave-base” points; a tacit recognition that they may well post-date the age 
of Clovis (Basgall 1998). 

The recent proposition (Firestone et al. 2007) that the Younger Dryas cooling episode and the demise of 
the North America Racholabrean megafauna was caused by an extraterrestrial impact has drawn considerable 
archaeological interest. Haynes (2008) has recently concurred that a major perturbation took place at the start of 
the Younger Dryas cold interval, circa 12,900 cal BP. The start of the Younger Dryas is marked by the widespread 
appearance of a black, organic-rich layer, and Clovis sites and Pleistocene megafauna (except the bison) 
stratigraphically underlie these “black mats.” As such, Haynes (2008) cautiously revives Martin’s (1967) notion 
that Clovis populations may have contributed to or caused the demise of Pleistocene megafauna. 

Other scholars have gone so far as to suggest that this extraterrestrial event at the start of the Younger 
Dryas (around 12,900 cal BP) caused a major human population disruption in California. Kennett et al. (2008) 
assert that this event led to large-scale wildfires and the extinction of pigmy mammoths on the northern Channel 
Islands. Both Jones (2008) and Kennett et al. (2008) also argue that early human occupation (contemporaneous 
with Clovis) was then disrupted for 600 to 800 years, after which (around 12,200 cal BP) a “large-scale 
colonization” took place. Supporting evidence for both early occupation episodes is limited to two dates from two 
sites (i.e., one date from each time segment). This “disruption” hypothesis is not, however, supported by evidence 
from other parts of western North America (Beck and Jones 2010; Meltzer and Holliday 2010). For example, 
Meltzer and Holliday (2010), drawing on an extensive database of dated sites in the Great Plains and southwest, 
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document a continuous sequence of occupation that begins well prior to the Younger Dryas and continues 
through the end of the Pleistocene. Indeed, the bulk of Pleistocene sites in this area date to the Younger Dryas. 

Great Basin and the Intermountain West 

The demise of the Clovis-first model has led Great Basin scholars to reassess the nature of Terminal 
Pleistocene occupation (e.g., Beck and Jones 1997), and the relationship between pluvial lakes and early 
occupation trends (Adams et al. 2008; Pinson 2008). Recently, Beck and Jones (2010) have argued that the 
earliest intermountain west sites (those in the Great Basin and on the Columbian Plateau) were not represented 
by Clovis complex assemblages with their characteristic blade technology and fluted points. In fact, no Clovis 
assemblage sites have been dated or documented. Instead, stemmed point assemblages represent the earliest 
occupation episodes. They muster a total of 29 radiocarbon dates from 11 localities with stemmed points 
including 17% that date to the Bølling-Allerød (contemporaneous with the Clovis complex) and 83% which date 
to the Younger Dryas (most of which fall within the early part). As such, “Western Stemmed” point assemblages 
originated in the Terminal Pleistocene and are considered to be nearly as early, if not contemporaneous, with the 
Clovis complex of the Great Plains and the southwest. 

Besides having different forms of projectile points, these Western Stemmed assemblages are also 
differentiated from Clovis complex assemblages by having: 1) flake rather than blade blanks for projectile points; 
2) side struck rather than end struck flake blanks for bifaces; 3) points typically made from fine-grained volcanics 
rather than chert; and 4) have an additional tool type—crescents (typically bifacially retouched, often with one 
steep-side)—considered to be a marker of littoral adaptations (Beck and Jones 2010:97-100). Similar to 
California, fluted points are typically found in surface contexts in this region and based on statistical analysis are 
significantly smaller than fluted points from Clovis sites (Beck and Jones 2010:Table 4). As such, Beck and Jones 
(2010) argue that intermountain west fluted points most likely post-date the Clovis complex and are 
contemporaneous with Folsom occupation in the Great Plains. This is consistent with the earliest dates from 
Clovis sites which they argue occur in the southern Great Plains (Texas); a subsequent northwest migration 
accounts for later dates in the northern Great Plains (Colorado). 

Beck and Jones (2010:81) further suggest that “…initial colonization of the intermountain region most 
likely involved groups moving inland from the Pacific coast carrying a non-Clovis technology, which was already 
in place by the time Clovis technology arrived.” Although evidence of Terminal Pleistocene stemmed points is 
lacking near the coast, they suggest that a likely migration route for coastal groups was up the Columbia River 
onto the plateau and then into the Great Basin. 

Mojave Desert 

The flurry of new perspectives on the Terminal Pleistocene record in surrounding regions has yet to 
significantly impact long-held views on the Mojave Desert archaeological record. A brief review is provided below. 

Possible Early Assemblages 

Periodically, assertions have been made that humans occupied the Mojave Desert as early as 40,000 years 
ago, and these claims generally focus on sites with heavily weathered surface material that lack the formal shaping 
characteristic of finished tools (see Moratto 1984:29-73 for a detailed review). These “pre-projectile point” sites 
have often been referred to as the Malpais complex, and the absence of diagnostic tools and dating evidence has 
led most archaeologists to discount assertions of very early occupation episodes (Sutton et al. 2007). 

Most scholars believe that the earliest occupation in the Mojave Desert began considerably later, in the 
Terminal Pleistocene (e.g., Moratto 1984). There are, however, no sites with radiocarbon assays on cultural 
material that date to the Pleistocene. Infrequent fluted and non-fluted concave-base points are considered to fall 
within this time frame (Basgall 1988; Basgall and Hall 1991; Byrd 2006, 2007; Rondeau et al. 2007; Sutton et al. 
2007:234; Warren and Phagan 1988). These are most often recovered in isolated or mixed contexts, with the 
most extensive documented in China Lake Basin (Basgall 2004, 2005, 2007; Byrd 2006, 2007; Davis and 
Panlaqui 1978; Rondeau et al. 2007). There is also considerable difference of opinion whether or not fluted 
lanceolate points should be referred to as Clovis points and therefore representative of the Clovis complex (which 
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is tightly dated to between 13,500 and 12,800 cal BP), or instead subsumed within the Great Basin Concave Base 
point series (Basgall 1995; Byrd 2006; Sutton et al. 2007; Warren 2008). The loose and inconsistent use of the 
term Clovis in the Mojave Desert, at times being used to refer to all fluted points and to possible post-Clovis 
complex time segments of the Pleistocene (between 12,800 and 11,600 cal BP), has hindered advances in 
understanding the early record. 

Overall, little is known about Terminal Pleistocene human occupation in the Mojave Desert; the nature 
of land-use, subsistence, and the organization of technology remains poorly defined, as do basic temporal 
parameters. While it is widely assumed that fluted and unfluted concave-base points in the Mojave Desert date to 
the Terminal Pleistocene, this has never been demonstrated radiometrically or chronostratigraphically. Recent 
obsidian hydration efforts provide a basis for constructing a relative time sequence, but hydration-age conversions 
remain poorly resolved, particularly for the earliest time periods (e.g., Basgall 1991; Rosenthal 2010). These 
efforts do indicate that fluted and unfluted concave-base points most likely predate stemmed points in the Mojave 
Desert (e.g., Basgall 1988; Gilreath and Hildebrandt 1997; Gold et al. 2007; Meyer et al. 2010:Table 12; 
Rosenthal 2010). They also provide a basis for linking site assemblages with similar obsidian hydration profiles 
(but lacking diagnostic points) to a relative time sequence of projectile points (e.g., Byrd 2006, 2007). 

Lake Mojave Assemblages 

Lake Mojave Assemblages represent the earliest well-recognized and spatially extensive archaeological 
occupation horizon in the Mojave Desert. The Lake Mojave Period is named in reference to the pioneering work 
of Elizabeth Campbell (Campbell et al. 1937) along the margins of Pleistocene Lake Mojave, whose southern 
portion lies within the Mojave National Preserve. Lake Mojave archaeological assemblages include stemmed Lake 
Mojave and Silver Lake projectile points, crescents, pressure-flaked bifaces, flake-based tools, and percussion-
flaked cores (Basgall and Hall 1992, 1994a, 1994b; Basgall 1991, 1993; Basgall et al. 1988; Byrd 2006, 2007; 
Byrd and Berg 2007; Eerkens et al. 2007; Sutton et al. 2007; Warren 1967, 1984, 1986). Flaked stone 
technology focused on using non-obsidian fine-grained volcanics and metavolcanics and ground stone is also now 
recognized as an integral aspect of the artifact assemblages (Basgall 1993; Basgall et al. 1988; Basgall and Hall 
1994b; McGuire and Hall 1988). Sites are especially well-documented on Fort Irwin and NAWS China Lake as 
well as near Lake Mojave. 

Warren and his colleagues have argued that Lake Mojave Period settlements were mainly concentrated 
along lake shores, and produced artifact assemblages reflecting heavy emphasis on hunting with only a minor 
indication of plant processing (Warren 1967, 1984, 1986; Warren and Crabtree 1986; Warren et al. 1984; 
Warren and Schneider 2003). Subsequent research by Basgall and Hall (1992) in contrast, has documented Lake 
Mojave sites in a wider range of habitats with artifact and faunal assemblages indicative of a more generalized 
adaptation (Basgall 1993; Basgall et al. 1988). 

Lake Mojave assemblages are generally believed to date to the Early Holocene (11,600 to 8000 cal BP), 
and possibly slightly earlier. However, only a handful of radiocarbon dates on cultural material have been 
obtained, all of which fall in the Early Holocene (Basgall 1993:Table 3.1). Thus, no Lake Mojave sites have 
produced evidence for Pleistocene-age occupation contemporaneous with early Western Stemmed point sites 
elsewhere in the Great Basin and on the Columbia plateau (Beck and Jones 2010). 

The subsequent Pinto Period, defined by the presence of Pinto points with characteristic shoulders and 
bifurcated bases (Basgall and Hall 1992; Harrington 1957; Vaughan and Warren 1987), has traditionally been 
considered to date to the Middle Holocene (circa 8000 to 4400 cal BP). However, recent dating results on shell 
beads from six sites dominated by Pinto points all produced Early Holocene-age dates (Fitzgerald et al. 2005). 
Moreover, most of the results (seven of 11 samples) predate 9000 cal BP, raising questions regarding earlier 
estimates for the time span of both the Pinto and Lake Mojave periods (Basgall and Hall 1994a, 2000; Fitzgerald 
et al. 2005; Schroth 1994). 

Spatial analyses and obsidian hydration readings suggest that Western Stemmed Tradition points are 
temporally later than concave-base points in the Mojave Desert (Basgall 1993:47; Basgall and Hall 1991; Meyer 
et al. 2009:Table 17; Rosenthal et al. 2001; Rosenthal 2010). Such is not the case for Pinto points; they co-occur 
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with stemmed points at many sites and their obsidian hydration readings overlap significantly with those of 
stemmed points (Rosenthal 2010). 

In short, strong evidence for the timing of the origins and end of the Lake Mojave Period is lacking. It is 
conceivable that it has its origins in the Terminal Pleistocene and its demise prior to the end of the Early 
Holocene. Moreover, it is possible that other assemblages may have overlapped temporally with Lake Mojave 
Period assemblages. 

Evidence from the China Lake Basin Environs 

As discussed, few localities in the Mojave Desert evince substantial human occupation during the 
Terminal Pleistocene, when colonizing populations are thought to have first settled most of North America and 
extinct megafauna still roamed the landscape. China Lake Basin, however, appears to be a major exception to this 
trend. Although radiometric and chronostratigraphic evidence is lacking, the Pluvial Lake China area harbors a 
number of small, discrete surface assemblages which have produced either diagnostic tools or potentially early 
obsidian hydration readings, hinting at persistent human occupation during the Terminal Pleistocene. 

Distinguished mainly by fluted and basally thinned concave-base projectile points and Coso obsidian 
hydration readings averaging greater than about 15.0 microns, at least 14 separate surface sites or site loci in the 
basin may date to the Terminal Pleistocene (e.g., Basgall 2004; Byrd 2006:Table 12; Byrd 2007:Table 17). China 
Lake Basin also contains numerous localities where the fossil remains of large herbivores, including elephantidae, 
bison, camelids, and equous have been found (Fortsch 1978). These remains are often spatially convergent with 
the earliest archaeological residues (e.g., Basgall 2005; Davis and Panlaqui 1978). Currently, the surficial context 
of these finds makes behavioral associations between extinct megafauna and early human hunters, unconvincing 
(c.f., Basgall 2005:5-2; Davis and Panlaqui 1978; Moratto 1984:70). 

China Lake Basin and the broader Indian Wells Valley also harbor extensive evidence for Lake Mojave 
assemblages (Basgall 2004, 2005; Byrd 2006, 2007; Rosenthal et al. 2001). These surface sites are represented 
mainly by Coso obsidian hydration readings, averaging between about 15.0 and 11.0 microns, and tool 
assemblages including large projectile points of the Western Stemmed Tradition (e.g., Silver Lake and Lake 
Mojave forms), domed unifacial “scrapers” or cores, chipped-stone crescents, and various other bifacial and 
minimally modified tools. These assemblages are found widely in the basin. In contrast, post-Lake Mojave Period 
occupation is rare in China Lake Basin (Basgall 2005:108-109; Rosenthal et al. 2001:74). 

Why this comparatively small basin harbors such a high concentration of Terminal Pleistocene/Early 
Holocene archaeological sites, and numerous other larger and better-studied basins in the Mojave Desert do not, 
is an important problem; the answer to which may lead to a better understanding of the earliest human 
adaptations in western North America. Undoubtedly, the answer will be greatly aided by gaining a better handle 
on local paleoenvironmental conditions. 

While aspects of the paleoenvironment have been reasonably well studied in adjoining lowlands such as 
Owens Valley, we know little about the local environment in China Lake Basin during the Terminal Pleistocene/ 
Early Holocene. Lake histories remain poorly resolved and continue to be the subject of much speculation (e.g., 
Basgall 2004, 2005; Byrd 2006, 2007; Giambastiani 2008; Rosenthal et al. 2001; Warren 2008). Furthermore, 
little is known about other types of environments that may have existed in the larger Indian Wells Valley during 
the transition from the Pleistocene to the Holocene. Archeologists have suggested that lake-side marshes, spring 
seeps, wet meadows, and other riparian settings were likely present in the valley bottom (e.g., Basgall 2004; Davis 
and Panlaqui 1978; Rosenthal et al. 2001; Warren 2008), but little direct evidence of these types of mesic habitats 
has been forthcoming. Understanding the environment in China Lake Basin and Indian Wells Valley during this 
period is critical for identifying the types of plant and animal foods that may have attracted early foraging groups; 
determining where in the basin those resources are likely to have existed; and distinguishing how climate changes at 
the end of the Pleistocene may have influenced human economic and technological developments during the 
Holocene. 
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4. FIELD INVESTIGATIONS AND NEW DATA ON THE 
TERMINAL PLEISTOCENE/EARLY HOLOCENE 

This chapter consists of three main sections. First, we briefly outline the research approach taken to gain 
new insight into the Terminal Pleistocene/Early Holocene transition in the north-central Mojave Desert. Then 
we summarize the nature of our field investigations and the analytical methods that were employed. Finally, we 
present the results of our field investigations, highlighting the salient aspects of the new geomorphic records that 
were documented during this study. This substantive section is divided into three main parts structured to 
facilitate new insight into the paleoenvironmental history of the China Lake Basin: the inflow records, the lake 
basin records, and the overflow records. 

RESEARCH APPROACH 
Despite considerable research on the hydrological and paleoenvironmental records of Owens Lake and 

Searles Lake, the fluvial history of these interconnected basins during the Pleistocene/ Holocene transition is still a 
subject of significant disagreement (c.f., Bacon et al. 2006; Benson et al. 1990; Orme and Orme 2008; Smith 
2010). This has, in part, fueled debate about the nature of early human occupation in this region and the extent 
to which lacustrine and/or some other types of mesic environments were the focus of early subsistence economies 
in the Mojave Desert (c.f., Basgall 1993; Basgall and Hall 1994; Byrd 2006, 2007; Rosenthal et al. 2001; Sutton 
et al. 2007; Warren 1967, 1984, 1986, 2008). The lack of consensus regarding the Owens and Searles records has 
resulted in conflicting interpretations about the timing of lacustrine high stands at China Lake and the antiquity 
of early human occupation in the basin, much of which lies well below the lake’s outflow sill (i.e., below 
maximum lake level; e.g., Rosenthal et al. 2001; Warren 2009). 

Because Indian Wells Valley (inclusive of Rose Valley and the China Lake Basin) is the main 
hydrological link between Owens Valley and Searles Valley, paleohydrologic and geomorphologic records from 
this area provide the most direct means of resolving discrepancies in the interpretation of the hydrologic record of 
the lower Owens River system and the nature and timing of early human occupation in this region. As a result, a 
main goal of the current effort was to generate new primary data on the paleohydrology and landscape history of 
Indian Wells Valley during the period between 15,000 and 8000 cal BP. This was done through a program of 
focused field and laboratory work combined with a literature search and broad synthesis of existing information 
from Indian Wells Valley/China Lake Basin and the wider Mojave Desert. 

FIELD INVESTIGATION METHODS AND ANALYTICAL STUDIES 
To better understand the fluvial history of China Lake and the lower Owens River system, field work 

focused on identifying geomorphic records related to the timing of water inflow, water outflow, and lake level 
fluctuations within China Lake Basin. At various times in the past, China Lake Basin and the larger Indian Wells 
Valley received surface water inflow from two primary sources: the Owens River through Rose Valley; and local 
washes and streams, particularly those with large watersheds draining the eastern Sierra Nevada (St.-Amand 
1986). To assess the contribution of these drainages during the Terminal Pleistocene and Early Holocene, we 
examined natural and mechanical exposures along the Owens River system in Rose Valley, and all major washes 
entering Indian Wells Valley from the eastern Sierra Nevada and El Paso Mountains. No substantial drainages 
enter China Lake Basin from the White Hills and Coso Range to the north or the Argus Range to the east. 

Fieldwork included several facets. Initially, wide-ranging field inspection of the inflow, lacustrine basin, 
and overflow areas was conducted to better understand surface manifestations of the geomorphic record and to 
identify localities for detailed study and sampling. Then 15 inflow alluvial sample localities were subjected to 
detailed investigations (Table 1; Figure 6). These included six in Rose Valley (northwest of China Lake Basin), 
seven in the southwest portion of Indian Wells Valley (one in Indian Wells Canyon and six along Little Dixie 
Wash), and one locality immediately southwest of the valley in Dixie Wash. Then coring took place at seven 
localities near the margins of China Lake Basin. Finally, surface samples were collected in two locations in the 
general overflow area. These efforts, along with analytical methods, are summarized below. It should be noted 
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that the sample locations that were studied during these field investigations are entirely comprised of geological 
field localities—none were archaeological sites. 

Table 1. Summary of Field Investigations by Geological Sample Locality. 

SETTING LOCALITY UTM EAST
 a UTM NORTH

 a LOCALITY TYPE 
NUMBER 

OF C-14 

DATES 

NUMBER OF 

INVERTEBRATE 

SAMPLES (PRESENT) b

Rose Valley, Inflow Rose Valley flat 417934 3984967 Alluvial section 1 - 
Rose Valley, Inflow Cinder flat 418765 3981771 Alluvial section 1 - 
Rose Valley, Inflow Dead Chevy 415058 3984307 Alluvial section 1 - 
Rose Valley, Inflow Lava end 416269 3985690 Alluvial section 3 2 (0) 
Rose Valley, Inflow North Pit 415295 3991136 Alluvial section 2 1 (1) 
Rose Valley, Inflow South Pit 416035 3990462 Alluvial section 2 2 (0) 
Indian Wells Canyon, Inflow - 418471 3948131 Alluvial section 3 - 
Little Dixie Wash, Inflow Locus 1 422956 3935635 Alluvial section 2 2 (1) 
Little Dixie Wash, Inflow Locus 3 422592 3935262 Alluvial section 5 5 (1) 
Little Dixie Wash, Inflow Locus 4 421761 3935245 Alluvial section 3 3 (0) 
Little Dixie Wash, Inflow Locus 5 420471 3934298 Alluvial section 2 - 
Dove Springs Wash Locus 5771 408904 3918620 Alluvial section 2 3 (2) 
China Lake Basin Core 9 434038 3955277 Core 2 2 (0) 
China Lake Basin Couch et al.(2004) Core SB01 423635 3961800 Core 3 2 (0) 
China Lake Basin Couch et al. (2004) Core SB05 437475 3944908 Core 1 4 (4) 
China Lake Basin China Lake tufa knoll 445330 3950497 Surface 1 - 
Overflow Area Salt Wells Valley, outlet beach 447540 3949962 Surface 1 1 (1) 

Notes: a NAD 83 Zone 11; b One additional sample was obtained from Little Dixie Wash locality 2. It contained ostracodes identical to those from 
localities 1 and 5. Nine other samples from Couch et al. (2004) cores TTIWV-SB08, -SB10, and -SB28, and one sample from Core 8 retrieved during 
the current study, were also analyzed for micro-invertebrates. These samples remain undated and are of little analytical utility (see Appendix D). 

Inflow Record Sampling 

In Rose Valley we documented and sampled alluvial strata at six separate geological localities in the central 
and southern part of the valley trough. Five of the sample loci were located near the main valley axis where evidence 
of the former Owens River channel is still visible (North and South Borrow Pits, Lava End, Rose Valley Flat, and 
Cinder Flat). The sixth locality was an isolated playa in the southwest part of the valley (Dead Chevy Flat). 

Most of the stream channels draining the eastern Sierra Nevada and El Paso Mountains into the Indian 
Wells Valley were found to lack exposed deposits of appropriate age. We were, however, able to identify and 
sample nine localities that had small isolated alluvial terraces dating to the Terminal Pleistocene/Early Holocene. 
These sample localities were situated within three separate drainages emanating from the eastern slope of the 
Sierra. These include Indian Wells Canyon (1 locality) and Little Dixie Wash (seven localities), which drain into 
Indian Wells Valley/ China Lake Basin, and Dove Springs Wash (one locality), which drains southeast through 
Red Rocks Canyon into Koehn Lake Basin (Figure 6). 

Lake Level and Outflow Record Sampling 

As part of our evaluation of the inflow and outflow history of China Lake Basin, we combined an 
examination of lake shore features visible on the surface with a coring program in the central and northwest parts 
of Indian Wells Valley. Lake features such as beach deposits, barrier ridges, strand lines, wave-cut platforms, and 
calcareous tufa formations occur throughout China Lake Basin, offering direct evidence of the existence of former 
lake stands at different elevations (Couch et al. 2004; Davis 1975; Davis and Panlaqui 1978; Gale 1915; Kunkel 
and Chase 1969; Lee 1913; Moyle 1963; St.-Amand 1986). In an effort to determine the age and altitude of  
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particular lake stands, we examined and documented several such features in portions of the NAWS China Lake. 
Examination and documentation of these lake-related features also focused on upper Salt Wells Valley and Poison 
Canyon which forms the hydrological conduit between China Lake and Searles Basin. This examination was 
focused in the Main Magazines and Ordnance T & E areas within NAWS China Lake and down-stream 
localities in Poison Canyon. At two geological localities, samples were collected and dated. 

As part of the coring effort, we sampled seven geological locations in China Lake Basin and along the 
former Owens River fan in Indian Wells Valley. Sediments were recovered in cores from depths between about 
two and 13 meters (~6 and 45 feet) below ground surface using a 4-inch diameter hollow-stem auger. Five cores 
(3 through 7) on the Owens River fan were found to contain stratified alluvial deposits of terrestrial origin, but 
lacked datable material and evidence of lacustrine deposition (note: access precluded drilling at locations originally 
designated as cores 1 and 2). The two cores (Core 8 and 9) recovered along the margins of China Lake Basin 
recorded a sequence of terrestrial and lacustrine deposits. Of these, further study focused on Core 9 because it 
contained the most detailed and unambiguous record of lake and distal fan deposition. 

Alluvial and lacustrine deposits previously recovered in select cores from Indian Wells Valley/China Lake 
Basin (Couch 2003) were also examined and five stratigraphic samples from two of these earlier cores (SB-1 and 
SB-5) were radiocarbon dated, and several samples were subjected to ostracode analysis. These samples, however, 
are excluded from further consideration because the results proved stratigraphically inconsistent and largely 
irrelevant (too old) for the current study. 

Soil and Strata Designations and Descriptions 

Stratigraphic units (strata) recorded in cores and cut-bank exposures were identified on the basis of 
physical composition, superposition, relative soil development, and/or textural transitions (i.e., upward-fining 
sequences) characteristic of discrete depositional cycles. Each exposed stratum was assigned a Roman numeral (I, 
II, III, etc.) beginning with the oldest or lowermost stratum and ending with the youngest or uppermost stratum. 
Buried soils (also called paleosols), representing formerly stable ground surfaces, were identified on the basis of 
color, structure, horizon development, bioturbation, lateral continuity, and the nature of the upper contact with 
the overlying deposit, as described by Birkeland et al. (1991), Holliday (1990), Retallack (1988), and Waters 
(1992), among others. Detailed descriptions of sample localities are provided in Appendix A. 

Master horizons describe in-place weathering characteristics and are designated by upper-case letters (A, 
B, C), and are preceded by Arabic numerals (2, 3, etc.) when the horizon is associated with a different stratum 
(i.e., 2Cu); number 1 is understood but not shown. Combinations of these numbers and letters indicate the 
important characteristics of each major stratum and soil horizon; they are consistent with those outlined by 
Birkeland et al. (1991), Schoeneberger et al. (1998), and the United States Department of Agriculture Soil Survey 
Staff (1998). 

Radiocarbon Dating and Regional Database Compilation 

For this study, geological samples were submitted for radiometric analysis to Beta Analytic Inc. (BETA) 
in Miami, Florida, or the National Ocean Sciences Accelerator Mass Spectrometry Facility (NOSAMS) at the 
Woods Hole Oceanographic Institution in Massachusetts. All radiocarbon dates reported here (unless otherwise 
indicated) were calibrated to calendar (solar) years before present (cal BP) according to Stuiver and Reimer (1993) 
using the CALIB version 6.01 program and intcal04.14c dataset (Reimer et al. 2004) to compensate for secular 
variations in the cosmic output of radiocarbon over time; by convention, zero years before present (0 BP) equals 
1950 AD. The radiocarbon-dating methods and laboratory sample sheets are provided in Appendix B along with 
the results. 

To compensate for regional reservoir effects of old or dead carbon, following the findings of Lin et al. 
(1998), a correction factor of 330 years was subtracted from all conventional dates obtained on carbonate 
materials (i.e., tufa, oolites, CaCo3) and freshwater bivalve shells. All dates were then calibrated using the 
terrestrial dataset for the northern hemisphere. No correction factor was applied to dates on ostracodes or  
freshwater gastropod samples (e.g., Pigati 2002; Pigati et al. 2004). Individual dates are identified by their original 
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lab number and reported as the calculated median probability intercept, while error ranges are reported at the 2-
sigma (95%) confidence interval. 

A total of 36 new dates were obtained for this study on geological samples of algal tufa (carbonate), 
freshwater gastropod shell, organic sediment (peat, soil), and plant remains (roots, pine needle). Dating results 
and additional information about the new samples are reported in the following sections and presented in Table 2 
and summarized in Figure 7. 

A regional database of 576 radiocarbon dates from more than 163 separate localities in the Mojave 
Desert and immediately adjacent regions (e.g., the Owens Valley) was also compiled from published and 
unpublished sources. The database (Appendix C) includes information on location, elevation, provenience, and 
stratigraphic context; obtained whenever possible from the primary sources. 

In all, we compiled 224 dates (36.6%) from 69 localities in the Indian Wells Valley/China Lake Basin 
and adjoining areas (Dove Springs Wash, Rose Valley, Searles Valley), and 388 dates from 97 other localities in 
the Mojave Desert. About three-quarters of the total sample (n=469 or 76.6%) date to between 17,000 and 7000 
cal BP, and are relevant for the current study of the Terminal Pleistocene/ Early Holocene transition. 

Micro-Invertebrate Sampling and Analysis 

A total of 38 geological sediment samples from China Lake Basin (n=20), Dove Springs Wash (n=3), 
Little Dixie Wash (n=12), and Rose Valley (n=3) were analyzed for micro-invertebrates and mollusks by Dr. 
Manuel R. Palacios-Fest (Appendix D). Only 11 of the samples contained ostracodes or mollusk shells. In 
addition, 24 valves of the ostracode species Ilyocypris bradyi from two localities (Dove Springs Wash and North 
Borrow Pit) were used to conduct stable isotope (δ13C and δ18O) analysis at the Environmental Isotope 
Laboratory of the University of Arizona. A complete description of methods and results of the micro-invertebrate 
and mollusk analyses are presented in Appendix D. 

PROJECT RESULTS 

This discussion is divided into three parts. First, inflow records are presented, organized by drainage. 
Then Lake Level records are considered. Finally, the China Lake overflow records are discussed. The location and 
extent of detailed maps for each sample locality are presented in Figure 8. 

Inflow Records 

This section includes a discussion of the Rose Valley geological localities followed by consideration of 
those localities situated further to the southwest that drain the eastern Sierra Nevada (Indian Wells Canyon, Little 
Dixie Wash, and Dixie Wash). This is followed by a synthesis of the inflow history during the Terminal 
Pleistocene and Early Holocene. 

Rose Valley Locality 

As the main conduit for water flow between Owens and China lakes, geomorphic evidence from Rose 
Valley is critical for understanding the fluvial history of these adjacent lake basins. Rose Valley ranges in elevation 
from about 1,067 meters (~3,500 feet) amsl at its northern end, about 78 meters (~256 feet) below the Owens 
Lake outflow sill, to about 1,036 meters (~3,400 feet) amsl at its southern end, and about 1,200 meters (~3,937 
feet) above the China Lake outflow sill. The valley’s long axis trends from northwest to southeast and is relatively 
small; about 18.5 kilometers (11.5 miles) in length and ten kilometers (~6.2 miles) in width. It is bounded on the 
west by faults along the base of the eastern Sierra Front Range (dominantly granitic rocks), and on the east by 
faults at the base of the Coso Range and Darwin Hills (dominantly volcanic rocks). Outcrops of Pliocene 
rhyodacite occur at the northern end of the valley, and Pleistocene basalt flows (e.g., Little Lake and Red Hill) 
outcrop at its southern end (Duffield and Bacon 1981; Duffield and Smith 1978; Jayko 2009). 
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Constructing a Regional Historical Context for Terminal 27 Far Western
Pleistocene/Early Holocene Archaeology of the  
North-Central Mojave Desert, Step 1 
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A complex series of Pleistocene- and Holocene-age alluvial fans coalesce around the valley margins to 
form sloping aprons along its eastern and western sides. Recent alluvial deposits are more localized and largely 
restricted to the lowest-lying portions of the valley floor (Jayko 2009). All six geological localities reported below 
occur within these recent deposits and are inset below higher and older fan remnants originating at the base of the 
eastern Sierra (Figure 9). Distinctive natural features within the valley include a relatively young volcanic cinder 
cone (Red Hill), a paleo-waterfall carved into basalt by the Owens River channel (Fossil Falls), and a spring-fed 
body of water known as Little Lake, all located in the southern part of the valley. Paleoenvironmental records 
indicate a meadow, salt grass marsh, and shallow ponds existed at Little Lake between about 5800 and 3200 cal 
BP, suggesting the water table was nearly 13 meters lower then than at present (Mehringer and Sheppard 
1978:165). 

Borrow Pit Loci 

The north and south borrow pits are situated near the center of Rose Valley about 1.25 kilometers 
(~0.78 miles) and 0.4 kilometers (0.25 miles) due north of Gill Station/Coso Road, and roughly 1.1 kilometers 
(0.7 miles) and 1.6 kilometers (1.0 mile) due east of State Route 395, both respectively (Figure 9). The pits lie 
about 0.8 kilometers (0.5 miles) apart within the relatively flat valley-axis alluvial unit of Jayko (2009). Both pits 
have irregularly cut sloping-side walls that expose alluvial deposits from a few meters to several meters below the 
original ground surface (Figure 10). Each was excavated by Caltrans in the 1960s to extract sand and gravel 
deposited by the lower Owens River and alluvial fans emanating from the eastern Sierra. 

South Borrow Pit 

In the south pit, a six-meter-thick, vertically stratified sequence of channel, floodplain, lacustrine/paludal, 
and eolian deposits is exposed along the eastern side. The basal stratum (Stratum I-5Cu) consists of coarse sand 
that grades downward into rounded to subrounded gravel and cobbles with sorting and bedding that clearly 
represent the bed load of a formerly active stream or river channel (Figure 11). This stratum is overlain by a thin 
layer of dark organic-rich silt (Stratum II-4Ob, or black mat 1) that marks a transition from high-energy to low-
energy depositional conditions. A radiocarbon date from Stratum II (11,560 ± 50 BP, or 13,395 cal BP, Beta-
280685) indicates this transition occurred during the Terminal Pleistocene. 

Above these strata lies a relatively thick deposit of light-colored silt loam (Stratum III-3Cu) with a very 
prominent dark organic-rich horizon in the upper 0.5 meters (Stratum IV-3AOb, or black mat 2; Figure 11). The 
uniform fine-grained texture, light lower and dark upper horizons, and presence of mesic-adapted snails indicate 
this stratum was deposited in a shallow lake or wetland setting, as noted by Jayko (personal communication 
August 2010). A sample of the 3OAb horizon of Stratum III submitted for this study yielded a radiocarbon date 
of 9980 ± 55 BP, or 11,447 cal BP (OS-79587), and a nearly identical date of 10,000 ± 40 BP, or 11,473 cal BP 
(WW-4519) was obtained by Jayko (personal communication August 2010) on a second sample from the same 
horizon. This evidence confirms the presence of lacustrine/paludal (marsh) environments in Rose Valley during 
the transition from the Terminal Pleistocene to Early Holocene. 

The prominent upper black mat is abruptly overlain by a fining-upward deposit of loam and loamy sand 
of mixed alluvial and eolian origins in which a weakly developed soil has formed (Stratum V-2Ab/2Cu). 
Overlying this is a deposit (Stratum VI) of pale brown coarse sand that contains a poorly sorted mixture of gravel 
and cobbles whose origin can be attributed to a combination of alluvial and eolian processes within the valley axis 
(Figure 11). 

North Borrow Pit 

The north pit contains a sequence of vertically stratified channel, floodplain, and eolian deposits that 
were exposed in a five-meter-thick section on the pit’s northeastern side. Here, the basal stratum (Stratum I-
4Cu4) consists of coarse sand with weakly sorted and poorly bedded subangular to well-rounded gravel and 
cobbles that appear to be an alluvial fan deposit (Figure 11). This stratum is overlain by a relatively thin layer of  
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fine, well-sorted sand containing a dark organic silt lens that pinches out to the west (Stratum II-3Cu3), marking 
a transition from high-energy to lower-energy depositional conditions. A date from the silt lens of 8790 ± 40 BP, 
or 9811 cal BP (Beta-280684) indicates that this transition occurred during the Early Holocene.  

Three species of micro-invertebrates (two ostracodes and one mollusk) occurred in the 3Cu Horizon 
(see Appendix D, Table 5). The ostracodes Ilyocypris bradyi and Fabaeformiscandona acuminata suggest a dilute, 
spring source. F. acuminata’s salinity tolerance is below 1,000 milligrams L-1 total dissolved solids (TDS) 
(Forester et al. 2005) implying that the sample location is close to the water source (see Appendix C, Table 4). 
Two mollusk specimens of Tryonia sp. were also identified in the sample (see Appendix C, Table 7). The genus 
Tryonia is known to prefer low-to-moderate salinity (1,000-2,000 milligrams L-1 TDS; Sharpe 2002, 2003; 
Appendix D, Table 6). 

Five valves of I. bradyi were analyzed for carbon and oxygen isotopes. As discussed in the Results section 
of Appendix D, the δ18O value obtained from the 3Cu samples are the most positive obtained from the China 
Lake region suggesting either arid conditions prevailed during the Early Holocene or rainfall was more seasonal 
(e.g., monsoons; Appendix D, Table 8). 

The sand lens is abruptly overlain by an erosional lag deposit of poorly sorted small-to-large gravel and 
cobbles (Stratum III-2Cu2) that fines-upward into a sandy loam in which a weakly developed soil has formed 
(Stratum III-2Ab/2Cu1). The mixed nature of Stratum III likely reflects the influences of both alluvial and 
eolian processes. A date of 985 ± 45 BP or 883 cal BP (OS-79583) from the 2Ab horizon provides a minimum 
age for Stratum III, and a maximum age for the deposit of alluvial silt and sandy loam that overlies it (Stratum 
IV-A/Cu). Finally, this section is overlain by about 2.0 meters of artificial fill derived from the borrow activities 
(see Figure 11). 

Neighboring Geological Localities—Dead Chevy Flat, Cinder Flat, Rose Valley Flat, and Lava End 

Other Early Holocene dates were obtained from buried soils and organic black mats identified in small 
surface playas elsewhere in the valley. At Dead Chevy Flat to the southwest of the borrow pits (see Figure 9), a 
buried soil (2Ab) that formed on a fan deposit of coarse sand and gravel (Stratum I-2Cox) provided a date of 
9720 ± 100 BP, or 11,097 cal BP (Beta-260156). This buried soil was overlain by light-colored, fine-grained 
playa deposits (Stratum II in Figure 11). 

In the valley axis at the Lava End locality (see Figure 9), a six-stratum sequence was identified in which 
coarse and fine sand (Stratum I-6Cu and Stratum II-5Ab) is overlain by two vertically stratified organic black 
mats (Stratum III-3AOb1 and 3AOb2), both formed in silty clay (see Figure 11). The lower 3Ob2 mat is dated 
at 9410 ± 100 BP, or 10,656 cal BP (Beta-260153), and the upper 3Ob1 mat dates to 8120 ± 100, or 9065 cal 
BP (Beta-260154). Overlying black mat 4 is a fining-upward deposit of coarse-sand to loamy sand that contains 
some internal sorting and bedding, consistent with an alluvial origin (Stratum IV-2Ab/2Cu). A weakly developed 
soil that formed in the upper part of Stratum V yielded radiocarbon dates of 6770 ± 100, or 7627cal BP (Beta-
260155) and 4440 ± 100, or 5074 cal BP (Beta-260152), indicating it is Early-to-Middle Holocene in age. Above 
this lies a moderately indurated, pale brown sand deposit that is probably eolian in origin (see Figure 11). 

Dates similar to those from black mat 3 and 4 at Lava End were obtained at nearby Cinder Flat and Rose 
Valley Flat. Thin, organic-rich buried soils (2Ab Horizons) at these localities yielded dates of 9180 ± 100, or 
10,369 cal BP (Beta-260151) and 7994 ± 80, or 8129 cal BP (Beta-260150), respectively (see Figure 9; not 
depicted in Figure 11 or elsewhere). 

Eastern Sierra Drainages 

Indian Wells Canyon 

Situated on the western side of Indian Wells Valley, this geological locality occurs in the lower part of 
Indian Wells Canyon about 8.5 kilometers (~5.3 miles) west-northwest of the town of Inyokern, and about 2.9 
kilometers (~1.8 miles) west of State Route 14 along Indian Wells Canyon Road; about 100 meters due south of  
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the gravel road (Figure 12). The exposed section lies along the canyon’s south side where a north-flowing wash 
meets the east-west oriented canyon bottom at an elevation of about 1,000 meters (3,280 feet) amsl; roughly 340 
meters (1,115 feet) above the floor of China Lake Basin. At this point, the wash is deeply incised through an 
isolated alluvial terrace that is set against the surrounding granitic bedrock. Incision during the late Holocene has 
removed a 20-meter-long segment of the terrace, exposing a five meter vertical sequence of 11 alluvial strata along 
the eastern side of the wash. These strata rest upon steep granitic hill slopes (Stratum I) that are weathered and 
truncated by erosion (Figure 13). 

The basal alluvial stratum (Stratum I-9Cox) is an erosional lag deposit consisting of coarse granitic sand 
and small subangular-to-subrounded gravel with iron-oxide mottling throughout (Figure 14). This is overlain by 
a very thin organic mat of dark grayish-brown sandy clay loam (Stratum II-8Ob) that marks a transition from 
erosional to depositional conditions. This lower mat is covered by a deposit of very fine well-sorted sand that is 
either alluvial or eolian in origin, or both (Stratum III-7Cu1/7Cu2). Above this is a poorly sorted and bedded 
channel deposit composed of oxidized sand and gravel (Stratum IV-6Cox) that fines upward into sandy loam 
containing another thin organic mat at the top (Stratum IV-6Ob). A date of 10,240 ± 50 BP, or 11,984 cal BP 
(Beta-280753) obtained on this mat confirms it is Terminal Pleistocene in age. This upper mat is buried by a 
deposit of fine oxidized sand that is massive and probably eolian in origin (Stratum V-5Cox). Capping this 
stratum is a 20-centimeter thick layer of dark grayish-brown loamy sand that contains a very weakly developed 
soil (Stratum VI-4Ab). 

A deposit of oxidized alluvial sand overlies Stratum VII, which fines upward into loamy sand containing 
a moderately developed soil (Stratum VII-3Ab/3Cox). A date of 9750 ± 50 BP, or 11,190 cal BP (Beta-272225) 
obtained on the 3Ab horizon indicates it is Early Holocene in age, and that underlying strata (VI and VII) mark 
the transition from the Terminal Pleistocene to the Early Holocene. 

This soil is buried by a deposit of poorly sorted and well-bedded alluvial sand that grades into grayish-
brown loamy sand. It is distinguished by a moderately developed soil that contains some flaked stone debitage of 
Coso obsidian (Stratum VIII-2Ab/2Cu). A sample of the 2Ab Horizon yielded a date 8790 ± 40 BP, or 9811 cal 
BP (Beta-237061) demonstrating that it is also Early Holocene-age. This former land surface is covered by about 
80 centimeters of brown loamy sand that lacks any obvious soil development (Stratum IX-AC), suggesting it was 
probably deposited during the Late Holocene (<4000 cal BP). 

Little Dixie Wash 

Little Dixie Wash is the largest of the three drainages exiting the eastern Sierra Nevada, where alluvial 
records from the Terminal Pleistocene/Early Holocene are stored. This geological locality is situated in the 
southwestern part of Indian Wells Valley about 11 kilometers (~6.8 miles) southwest of the town of Inyokern, 
and about 6.3 kilometers (~3.9 miles) southeast of the intersection of State Route 14 with State Route 178 
(Freeman Junction); more than eight kilometers (five miles) east of the Sierra Nevada Front range (Figure 15). 
The wash drains from southwest to northeast directly into China Lake Basin and is the main internal drainage for 
that part of Indian Wells Valley. The portion of the wash examined for this study ranges in elevation from about 
860 to 830 meters (2,821 to 2,723 feet) amsl, which is more than 160 meters (~525 feet) above the basin floor, 
and about one-half the elevation of the Indian Wells Canyon locality. The wash channels runoff from Freeman 
Canyon, Cow Heaven Canyon, Sage Canyon, Peak Horse Canyon, and Bird Spring Canyon. 

The medial portion of Little Dixie Wash contains alluvial terraces that are inset several meters or more 
below the surface of a broad and highly dissected alluvial fan that emanates from Freeman Canyon to the west 
(Figure 16). Immediately to the east, a basalt flow—part of the El Paso Mountains—rises more than 95 meters 
(~315 feet) above the channel (Figure 15). In this section of the wash, the channel is incised through the inset 
alluvial terrace (T2 terrace) for 2.8 kilometers (~1.75 mile), creating a series of natural bank exposures about one 
to three meters above the channel bottom. Four sections containing stratified alluvial deposits exposed in the inset 
terrace were sampled on the western bank of the wash (Localities 1, 3, 4, 5; Figure 15). In addition, two isolated 
deposits of exceptionally large cobbles were identified within this segment, each forming a ridge on either side of 
the wash. 
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Figure 16. Little Dixie Wash Alluvial Terrace and Strata.
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Alluvial Terrace Stratigraphy (Loci 1-4) 

The basal stratum (Stratum I-7Ab/7Cu) is an alluvial deposit consisting of fine sand and small rounded-
to-subrounded gravel that gradually fines upward into grayish-brown silty clay, displaying moderate soil 
development (Figure 17). This stratum was exposed at the base of the Locus 3 cutbank, and was identified in an 
auger boring at Locus 4 (see Figure 15). The 7Ab horizon proved to be Terminal Pleistocene in age as verified by 
nearly identical dates of 10,500 ± 60 BP or 12,454 cal BP (OS-79565) from Locus 3, and 10,450 ± 40 BP or 
12,387 cal BP (OS-79565) from Locus 4. 

Overlying this stratum is a silty clay alluvial deposit that displays a light brownish-gray lower portion and 
a gray upper portion (Stratum II-6Cu and 6Ab, respectively), with a few small iron-oxide mottles present in both 
horizons. The 6Ab horizon represents a moderately developed soil that produced a Terminal Pleistocene date of 
10,100 ± 55 BP or 11,697 cal BP (OS-79564), which corresponds to a date of 10,160 ± 60 BP or 11,746 cal BP 
(Beta-272228) on the 3Ab horizon at Locus 1 (Figure 17). At Locus 3 this stratum is capped by an alluvial 
deposit of light brownish-gray silt loam with common iron-oxide mottles that fines upward into grayish-brown 
silty clay with fewer mottles and weak soil development (Stratum III-5Cox and 5Ab, respectively). A sample of 
the 5Ab horizon produced a date of 10,100 ± 110 BP or 11,688 cal BP (OS-79585), nearly identical to the age of 
the underlying 6Ab horizon. 

Lying above Stratum III is alluvial sediment deposited in a paludal environment (see Appendix D). 
This deposit consists of a light brownish-gray silty loam that fines upward into grayish-brown silty clay, on 
which is formed a weakly developed soil containing small gastropod shells (Stratum IV-4Cu and 4Ab, 
respectively). This stratum is Early Holocene in age based on a date of 10,000 ± 50 BP or 11,482 cal BP (OS-
79563) on the 4Ab horizon, corresponding closely with dates of 10,000 ± 60 BP or 11,486 cal BP (Beta-
272226) and 9610 ± 50 BP or 10,944 cal BP (Beta-272227) from the 2Ab horizon at Locus 1 (see Figure 16 
and Figure 17). At Locality 3, Stratum IV is covered by another deposit of alluvial and paludal sediment 
composed of light yellowish-brown loamy sand that fines upward into light grayish-brown silty clay (Stratum 
V-3Cu and 3Ab, respectively). The upper portion of this stratum displays a weakly developed soil containing 
small gastropod shells. A date of 9440 ± 95 BP or 10,703 cal BP (OS-79584) from the 3Ab horizon verifies 
that this deposit was formed during the Early Holocene. 

Stratum V is overlain by a light gray silty clay loam alluvial deposit with a moderately developed ped 
structure and some powdery calcium carbonate coatings (Stratum VI-2Bwb). Immediately above this fine-grained 
stratum is a thick deposit of coarse sand and small-to-large gravel formed by the complex interplay of alluvial fan 
and eolian processes (Stratum VII-A/Cu). 

Micro-Invertebrates 

Two loci within Little Dixie Wash were sampled and analyzed for micro-invertebrates (LDW-Locus #3 
and LDW Locality #4). Ostracodes and mollusks were only identified at LDW-Locus #3 (see Appendix D, Table 
3). Three dilute-water, spring-related ostracode species were identified in the 4Ab Horizon of Locality 4, 
including Fabaeformiscandona acuminata, Eucypris meadensis, and Cypridopsis okeechobei. This assemblage suggests 
water salinity did not exceed 1,000 milligrams L-1 TDS (Forester et al. 2005). In addition, four aquatic 
gastropods occurred in the same horizon: Pseudosuccinea columella, Helisoma (Carinifex) newberryi, Gyraulus 
parvus, and Fossaria parva (see Appendix D, Figure 2c). All four species tolerate a wide range of salinity and can 
occur in a variety of environments from swamps to streams (Sharpe 2002, 2003; see Appendix D, Table 6). 

Alluvial Fan Stratigraphy (Locus 5) 

As the southernmost (upstream) geological locality along the wash, a vertical sequence of six alluvial strata 
was documented south of the present confluence of Freeman Gulch and Little Dixie Wash at Locus 5 (see Figure 
15). This sequence is part of an alluvial fan that is inset within the gulch below much older deposits of the 
Freeman Fan (Figure 18). Attention to this locus was sparked by the discovery of a chert-formed flake-tool  
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protruding from the cut-bank within the wash (see Figure 17); the only in situ prehistoric tool identified during 
this study. Since similar artifacts are typically associated with Terminal Pleistocene/ Early Holocene cultural 
assemblages in the Mojave Desert (e.g., Basgall 1993), an effort was made to bracket the artifact’s age by obtaining 
radiocarbon dates from overlying and underlying deposits. 

The lower four strata (Stratum I-IV) at Locus 5 consist of coarse sand that fine upward into sandy loam 
(Stratum I), sandy clay loam (Stratum II and IV), or silty clay loam (Stratum III), each with weakly developed 
soils formed in the stratum’s upper portion (see Figure 17). The presence of a few small angular to subrounded 
gravel in Stratum I, II, and IV, and the small-to-medium angular to subrounded gravel in Stratum III are typical 
of an alluvial fan deposit. Iron-oxide mottles also occur in the Ab horizons of Stratum I and III, and the lower 
part of Stratum II (5Cox horizon). 

The artifact was found about five centimeters above the contact of Stratum III and IV within the lower 
3Cu horizon of Stratum IV at a depth of about 2.7 meters below ground surface (see Figure 17 and Figure 18). A 
radiocarbon date of 6340 ± 40 BP or 7223 cal BP (Beta-280208) was derived from the 4Ab horizon of Stratum 
III underlying the artifact, and the overlying 3Ab horizon of Stratum IV gave a slightly older date of 6990 ± 40 
BP or 7827 cal BP (Beta-280208), indicating that some older carbon was probably reworked or redeposited into 
Stratum IV. Despite the age reversal, this artifact was probably deposited sometime between about 7,800 and 
7,200 years ago, or roughly, at the end of the Early Holocene. 

Overlying the lower four strata is an alluvial fan deposit of sandy clay loam displaying a weakly developed 
soil (Stratum V-2Ab; presumably Middle Holocene), capped by a coarse sand with small to medium subangular 
to rounded gravel formed by alluvial and eolian processes (Stratum VI-Cu; Middle or Late Holocene?). The latter 
stratum lacks evidence of soil development (see Figure 17). No black mats, organic-rich soils, mesic-adapted 
snails, or paludal-like deposits occur within the alluvial fan sequence exposed at Locus 5. 

Cobble Ridge Loci 

Two isolated deposits of small boulders and large cobbles were also identified along the edges of the 
wash, each forming a distinctive ridge or berm (see Figure 18). The most downstream of these was identified on 
the eastern side of the wash about 585 meters (1,919 feet) southwest of Locus 4 at an elevation of about 850 
meters (2,790 feet). The other is evident on the western side of the wash about 370 meters (1,214 feet) southwest 
of Locus 5 at an elevation of about 864 meters (2,836 feet); approximately 1.4 kilometers (~0.87 miles) upstream 
from the eastern cobble ridge (see Figure 15). 

The eastern (downstream) ridge is well exposed in a 1.5- to 3.0-meter vertical section that parallels the 
wash over a distance of about 20 meters. The long axis of the ridge is oriented from the southwest to the northeast 
and slopes in the same general direction (see Figure 18). The deposit overlies truncated volcanic bedrock and is 
dominated by large angular-to-subangular basalt cobbles (30 to 90 centimeters in diameter) that are smaller 
toward the bottom of the deposit (i.e., coarsens upwards). The lower portion contains a small percentage of 
granitic gravel and small cobbles that are generally rounded-to-well-rounded (see Figure 18). The gravel, cobbles, 
and boulders lie clast-to-clast with very little fine-grained matrix present. 

The western (upstream) ridge parallels the wash over a distance of more than 55 meters (>180 feet), 
standing about 1.5 to 2.5 meters above the base of the wash (see Figure 18). The long axis of the ridge is oriented 
from the northwest to southeast and slopes slightly in that same direction. Only partially exposed in profile, the 
deposit overlies truncated granitic bedrock and is dominated by large rounded-to-subrounded granitic cobbles (40 
to 100 centimeters in diameter) that are imbricated and mainly clast-to-clast, with granitic sand and gravel filling 
the interstices (see Figure 18). 

As the formation of similar boulder/cobble ridges normally results from high-energy flood events, the 
presence of these deposits suggest the amount of runoff, rate of stream flow, and erosive power within Little Dixie 
Wash was exponentially greater on one or more occasions. These event-related deposits are probably related to 
initial down-cutting and erosion of the older fan deposits, prior to emplacement of the Terminal 
Pleistocene/Early Holocene inset terrace. 
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Dove Springs Wash 

The Dove Springs Wash geological locality lies about 5.1 kilometers (~3.1 miles) northwest of the 
intersection of State Route 14 and the entrance to Red Rocks State Park, and 1.8 kilometers (1.1 miles) due west 
of State Route 14; about 3.6 kilometers (~2.2 miles) southwest of Little Dixie Wash (Figure 19). At an elevation 
of about 908 meters (2,980 feet) amsl, the exposed section in Dove Springs Wash occupies a central position 
along the drainage between the headwaters at about 1,830 meters (~6,000 feet) amsl and the basin of Koehn (dry) 
Lake, where it terminates at about 576 meters (1,890 feet) amsl; approximately 12.8 kilometers (~8 miles) to the 
southeast (Figure 19). A series of discontinuous alluvial terraces lie inset along the wash several meters or more 
below the surrounding landscape of highly eroded and deeply dissected Miocene- to Pleistocene-age alluvial and 
volcanic deposits (Miller and Amoroso 2007). The exposed sections correspond to the Latest Pleistocene and 
Holocene young alluvial fan deposits mapped (Qyw4) by Miller and Amoroso (2007). 

The Dove Springs Wash geological locality consists of a 200-meter (~656-foot) long cutbank extending 
along the north side of the wash in which a sequence of 13 alluvial strata is exposed in a 4-meter-high (~13.1-
foot) vertical section (Figure 20). These correspond to the dark bands of “lignitic sand” described by 
paleontologist David Whistler from the San Bernardino County Museum (Whistler 1990, 1994). A date of 
12,642 cal BP (Beta-18449) from a conifer branch collected in a soil near the base of the wash (Whistler locality 
5775) indicated that Terminal Pleistocene, and possibly Early Holocene, deposits were present at this location. 
The occurrence of a single chalcedony flake from the dated stratum identified by Whistler (1994) may provide 
evidence for human use of this locality during the Terminal Pleistocene. 

Alluvial Stratigraphy 

The basal stratum, which was only partially exposed at this locus, is an alluvial deposit consisting of sandy 
loam and a few (~10%) small rounded-to-subrounded gravels (Stratum I-13Ab) displaying a moderately 
developed, very dark gray soil (Figure 21). Organics from this soil yielded a Terminal Pleistocene date of 10,300 ± 
60 BP, or 12,102 cal BP (OS-79560). The 2-sigma confidence interval from this date does not overlap with the 
date of 12,642 cal BP reported by Whistler (1994) from the basal deposit. Thus, it is not clear if both dates are 
from the same stratum, as Whistler’s (1994) sample originated from an exposure several hundred meters down-
stream. In the exposure examined for the current study, the deepest soil is buried by an alluvial deposit composed 
of pale red volcanic sand and gravel (Stratum II-12Cu), which fines upward into sandy loam. A moderately 
developed, very dark, grayish-brown soil formed in the upper portion of this stratum (Stratum II-12Ab). 

Above this lies a fine alluvial sand with a few iron-oxide mottles that grades upward into silty clay 
displaying a weakly developed grayish-brown soil (Stratum III-11Cox and 11Ab, respectively). This is overlain by 
a silty clay with a few iron-oxide mottles in the lower portion and a moderately developed dark gray soil in the 
upper part (Stratum IV-10Cox and 10Ab, respectively). Capping the soil is a thin deposit of coarse sand that 
grades abruptly into loamy sand with a very weakly developed grayish-brown soil (Stratum V-9Cu and 9Ab, 
respectively), probably marking a very short period of surface exposure (Figure 21). 

Overlying this is a paludal deposit of fine-to-loamy sand with a very weakly developed grayish-brown soil 
near the upper contact (Stratum VI-8Cu and 8Ab, respectively). Freshwater snail shells, like those identified at 
Little Dixie Wash, were present throughout this stratum (Figure 21). Covering Stratum VI are two relatively 
thick alluvial strata composed of fine-to-coarse sand with weakly developed, light-colored soils at the top of each 
(Stratum VII-7Ab/7Cu and Stratum VIII-6Ab/6Cu, respectively), representing episodes of increased stream flow 
and channel aggradation. 

These units underlie another paludal deposit of coarse sand that fines upward into sandy clay loam with a 
moderately developed dark grayish-brown soil, containing saline-tolerant ostracodes and a few very small 
freshwater snail shells (Stratum IX-5Cu and 5Ab, respectively; see Appendix D). A date of 4230 ± 40 BP or 4753 
cal BP (Beta-280993) was derived on organic sediment from the 5Ab horizon, indicating a Middle Holocene-age 
for this paludal environment. 
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Figure 21. Dove Springs Wash Alluvial Stratigraphy.
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Above Stratum IX are three additional alluvial strata (Stratum X, XI, and XII), each consisting of coarse-
to-fine sand and loamy sand with relatively thin, weakly developed soils, ranging from brown to dark grayish-
brown in color (see Figure 21). At the present surface of the sampled exposure is an artificial fill deposit from a 
dirt access road constructed along the northeastern side of the wash. 

Micro-Invertebrates 

Samples from three isolated horizons were analyzed for micro-invertebrates, including the 5Ab, 8Ab, and 
13Ab Horizons. The latter sample was found not to contain micro- or macro-invertebrates. The 5Ab Horizon 
contained an abundant ostracode record (dry mass of 2.6 specimens per gram of sediment). Four species were 
identified including Eucypris meadensis (the most abundant), Ilyocypris bradyi, Fabaeformiscandona acuminata, and 
Cypridopsis vidua (see Appendix D, Figure 2b). Eucypris meadensis is a dilute-water, spring-related species and 
Ilyocypris bradyi is a spring- and stream-related species (see Appendix D, Table 4). Dominance of Eucypris 
meadensis indicates salinity did not exceed 1,000 milligrams L-1 TDS (Forester et al. 2005). 

Ten valves of I. bradyi, in two batches of five shells each, were analyzed for carbon and oxygen 
isotopes. As discussed in the Results section of Appendix D, it is inferred that these values indicate low 
evaporation during deposition of the 5Ab horizon. The stable isotope signature is consistent with the dilute-
water inference from micro-invertebrates. 

Two ostracode and three mollusk species were identified from the older 8Ab Horizon including I. bradyi 
and E. meadensis accompanied by the gastropods Physa virgata and Tryonia sp. and the clam Pisidium casertanum. 
Dilute waters hosted this faunal association. Salinity did not exceed 2,000 milligrams L-1 TDS, the maximum 
tolerance for Tryonia sp., but more likely was close to 1,000 milligrams L-1 TDS, the maximum tolerance for E. 
meadensis (Forester et al. 2005; Sharpe 2002, 2003). 

The stable isotope analysis of ten valves of I. bradyi from the 8Ab Horizon yielded δ13C and δ18O 
values similar to those from the 5Ab Horizon. Like the latter horizon, it is inferred that the δ18O values in 
Horizon 8Ab reflect low rates of evaporation (Appendix D, Table 8). The stable isotope signature is consistent 
with the dilute-water inference from micro-invertebrates. 

Summary of Terminal Pleistocene/Early Holocene Inflow Conditions 

Alluvial strata preserved in Rose Valley, Indian Wells Valley, and Dove Springs Wash provide a record of 
successive landscape changes and related surface flows from the Terminal Pleistocene to Early Holocene. The 
record begins prior to the formation of the lower black mat in the South Borrow Pit in Rose Valley, around 
13,400 cal BP. This mat lay upon coarse-grained sand, gravel, and cobble deposits that were sorted and bedded 
within an active channel, under high-energy fluvial conditions not recorded in later-dating deposits exposed in 
this section. We interpret these fluvial deposits as bed-load of the former Owens River channel, suggesting 
significant water flow shortly before 13,500 to 13,600 years ago, based on the upper 2-sigma range of the 
associated radiocarbon date. 

In contrast, basal deposits from eastern Sierra Nevada drainages were consistently found to date between 
about 12,600 and 12,000 cal BP, and thus post-date the interval of high-energy bed-load and channel activity in 
Rose Valley. Further, all of the Terminal Pleistocene/ Early Holocene alluvial deposits identified in drainages 
emanating from the Sierra Nevada represent discontinuous terraces set within older fans. An absence of earlier 
alluvial terrace deposits in these drainages implies that erosional processes (i.e., channel incision and lateral 
migration) prevailed prior to 12,600 cal BP, precluding deposition and storage of sediment. High-energy cobble 
ridges (not dated) bordering the channel of Little Dixie Wash may be further evidence of this erosive interval. 

When the lower Owens River and Sierra drainage records are viewed together, it appears that surface 
runoff and stream flows were generally greater between about 13,600 and 12,600 cal BP, with high-energy flows 
and erosive conditions persisting no later than about 12,600 to 12,400 cal BP in most of the studied drainages. A 
shift in the depositional regimen occurred toward the end of the Pleistocene (between roughly 12,600 and 11,500 
cal BP), allowing fine-grained sands, silts, and clays to accumulate in large and small drainages alike. This interval 
is marked by multiple short depositional pulses, each separated by intervening periods of landform stability and 
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soil formation. The lowest alluvial strata at Dove Springs Wash, Little Dixie Wash, and Indian Wells Canyon, 
record an initial episode of deposition between about 12,600 and 12,300 cal BP, followed by a more stable period 
between about 12,300 and 12,000 cal BP. This cycle was followed by another depositional pulse centered 
between about 12,000 and 11,800 cal BP, and a stable period at the end of the Pleistocene between about 11,800 
and 11,500 cal BP. This latter interval corresponds to the formation of organic-rich horizons (i.e., soil, peat, and 
black mats) and habitats supporting freshwater snails. 

These same general conditions persisted well into the Early Holocene. After another pulse of deposition 
around 11,200 cal BP, organic-rich horizons and mesic habitats supporting freshwater snails once again appeared 
between about 10,900 and 10,400 cal BP in Rose Valley and Little Dixie Wash. This suggests that effective 
moisture during the first millennia of the Holocene was at least as high as the last millennium of the Pleistocene. 
Yet, despite persistent wet conditions, the fine-grained nature and sequential pulsing of deposition in the local 
drainages imply only periodic, low-energy surface flows in the lower Owens River system and eastern Sierra 
drainages. This, in turn, indicates there were likely no significant or sustained sources of inflow into China Lake 
during the Terminal Pleistocene/ Early Holocene transition. 

China Lake Basin Lake Level Records 

Indian Wells Valley is a topographic basin bounded by the Sierra Nevada on the west, the Argus Range 
on the east, the Coso Range on the north, and the El Paso Mountains and Rademacher Hills on the south (see 
Figure 8). The basin is structurally controlled by a series of mostly active faults including the Sierra Nevada 
Frontal Fault to the west, the Airport Lake and Argus Range faults to the east, the Little Lake Fault to the north-
northwest, and the Inyokern Fault to the south (Figure 22; Roquemore 1981; Zbur 1963). The valley floor lies 
between 792 and 656 meters (2,600 and 2,154 feet) amsl, and is covered mainly by a series of broad coalescing 
Pleistocene-age pediments and Holocene-age alluvial fans that generally slope from west to east and from south to 
north across the valley. Outcrops of Pliocene-age lacustrine deposits (White Hills) have been uplifted and faulted 
along the valley’s northern side, separating China Lake Basin from the internally fed basin of Airport Lake. On 
the northwestern side of the valley, the White Hills are partly overlain by Pleistocene basalt flows (e.g., Little 
Lake) that form prominent flat-topped ridges adjacent to the former channel of the lower Owens River (Duffield 
and Bacon 1981; Duffield and Smith 1978; St.-Amand and Roquemore 1979; Zbur 1963). 

Today, Indian Wells Valley has no perennial streams (Kunkel and Chase 1969; Moyle 1963; St.-Amand 
1986). China Lake Basin is distinguished by a dry playa that lies along the southeastern side of Indian Wells 
Valley; it represents the lowest point on the valley floor (655 meters or 2,154 feet amsl). China Lake Basin is the 
primary depocenter for water and sediment transported by the lower Owens River system through Rose Valley. 
When water filled the basin in the past, it then overflowed southeast through a narrow canyon in the Argus Range 
and into Salt Wells Valley and Poison Canyon until reaching the Searles Valley basin; a drop of about 176 meters 
(~577 feet) overall. 

The present elevation of the sill or topographic divide between China Lake and Searles basins is about 
670.5 meters (2,200 feet) amsl according to USGS digital elevation model data. Others have variously placed it at 
667.5 meters (2,190 feet) amsl (Dutcher and Moyle 1973; Kunkel and Chase 1969; Smith 1979), 668.7 meters 
(2,194 feet) amsl (Lee 1913), and 665 meters (2,181 feet) amsl (Smith and Street-Perrott 1983); a difference of 
5.5 meters (18 feet). With such discrepancies, it is interesting to note that a well hole placed within the basin’s 
outlet identified about 12.5 meters (41 feet) or more of “windblown sand” immediately overlying bedrock, with 
“no water-laid material” reported (Kunkel and Chase 1969:31). This means the bedrock sill lies at an elevation of 
about 658.4 meters (2,160 feet) amsl, or only about 1.8 meters (~6 feet) above the south playa low point. This 
suggests that overflow and lake levels were partly controlled by a “soft sill” of windblown sand and/or a beach 
barrier ridge that was likely breached and rebuilt more than once by lake transgressions and regressions. 
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Lake Core Stratigraphy (Core 9) 

Situated within the NAWS China Lake Charley Range, Core 9 was placed about 6.8 kilometers (4.2 
miles) northwest of Armitage Airfield (Figure 23). This is about 3.4 kilometers (2.1 miles) northwest of the Range  
Access Road and Snort Access Road intersection, and about 55 meters (180 feet) west of Range Access Road 
(UTM zone 11, 434038E, 3955277N, WGS 84). The core was positioned west of the present China Lake playa 
in the dune and inter-dune playa zone (Figure 24) at an elevation of about 669.6 meters (2,197 feet) amsl, which 
is just below the modern sill level, and within the area defined as Stake 19 for archaeological purposes by Emma 
Lou Davis (Davis 1975; Davis and Panlaqui 1978). 

Core 9 contained a vertically stratified sequence of lacustrine and terrestrial deposits that extended about 
10.7 meters (35 feet) in depth below the surface of a small inter-dune playa (Figure 24). The lower six meters 
(~20 feet) of the core contain lacustrine sediments that record a transition from higher/deeper to lower/shallower 
lake levels. At the base of this sequence is a stratum of greenish-gray (gleyed) sandy clay loam, likely deposited 
subaqueously in a relatively deep lake (Stratum I-12Cg). Above this is an olive-gray (gleyed) deposit of coarse sand 
that fines upward into very fine sand (Stratum II-11Cg). This deposit formed in a shallower lake, signaling an 
overall lowering of water levels (Figure 25). A date of 14,160 ± 50 BP, or 17,780 cal BP (Beta-280680) obtained 
on organics from this stratum indicates the deposit is Late Pleistocene in age. 

Stratum II is overlain by a gray-to-olive-gray (gleyed) deposit that coarsens upwards from very fine sand 
to sandy loam (Stratum III-10Cg1 and 10Cg2); again formed in a lacustrine setting. These facies are capped by a 
60-centimeter thick deposit of moderately sorted and bedded coarse sand and small-to-medium, subangular-to-
rounded gravel (Figure 25), which formed along the shore of a former lake (Stratum IV-9Cu). The top of the 
beach deposit lies 7.6 meters below surface at an elevation of about 662.2 meters (2,172 feet) amsl. Above this is a 
layer of light gray sandy loam which appears to be lacustrine sand, weakly cemented by gypsum (Stratum V-8C). 
The sand underlies another layer of light gray sand that contain a few moderately sorted and bedded, small-to-
medium, subangular-to-rounded gravel, and a few thin layers of black sand (Stratum VI-7C). The Stratum VI 
sands may have accumulated near shore—perhaps related to a prograding Owens River delta—but in deeper 
water than the coarse sand lenses associated with Stratum IV. Lacustrine sediments in Core 9 terminate at an 
elevation of about 665.3 meters (2,181 feet) amsl and do not appear to contain carbonates as no effervescence was 
observed when exposed to a ten percent solution of hydrochloric acid. 

Capping the lacustrine sequence is a 4.5-meter (~15-foot) thick sequence of terrestrial alluvial and eolian 
deposits (Figure 25). The base of this sequence is initiated by a pale olive (gleyed) silty clay alluvial deposit with 
subangular blocky structure and a few hard nodules of calcium carbonate (CaCo3) near the top (Stratum VII-
6Cg). The gleying and fine-grained texture suggests a slough or playa setting for this stratum. Organics obtained 
from the 6Cg horizon yielded an Early Holocene date of 9690 ± 50 BP, or 11,123 cal BP (Beta-280679). 

Above is another slough or playa deposit of white sandy clay loam with weak soil development that is 
infused with calcium carbonate (CaCo3), which effervesces violently when exposed to hydrochloric acid (Stratum 
VIII-5Akb). This soil is buried by light olive-grey silty-clay displaying weak soil development and containing a 
few hard calcium carbonate (CaCo3) nodules that effervesce strongly when exposed to hydrochloric acid (Stratum 
IX-4Akb); again formed within a slough or playa. 

The slough and playa deposits are overlain by a deposit of pale yellow medium-to-coarse sand that fines 
upward into light olive-brown silt with weak soil development formed by a combination of alluvial and eolian 
processes (Stratum X-3Cu and 3Ab, respectively). The soil is covered by a layer of strongly effervescent pale 
yellow sand of eolian origin (Stratum XI-2Cu; interval between 1.52 and 2.13 meters not recovered) that fines up 
into light yellowish-brown silt. This deposit displays weak soil development and contains soft calcium carbonate 
(CaCo3) nodules that are also strongly effervescent (Stratum XI-2Akb). The sequence is completed by very pale 
brown loamy sand that grades into very pale brown silt (Stratum XII-Cu and A, respectively), both strongly 
effervescent. This stratum forms the present inter-dune playa surface (Figure 24 and Figure 25). 
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13,000 cal BP
(Beta-280683)

683 m (2,240 ft) amsl

670 m (2,200 ft) amsl

Sorted, Bedded Beach Sand and Gravel, ~8 to 9 m, Core 9
(Strata IV)

Algal Tufa Exposed on Granitic Bedrock
Knoll to Southeast

Dune and Interdune Playas in Core 9 Area to Southwest Honeycomb Formations on Bedrock Knoll to Northwest

Two Proiminent Shorelines on Knoll Near Outlet to Southwest China Lake Playa from Bedrock (Tufa) Knoll to Northwest

Figure 24. Landforms and Deposits in the China Lake Basin.
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Figure 25. Alluvial Stratigraphy of Core 9 from the China Lake Basin.
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Beach, Shoreline, and Lake Features 

At least two and possibly three wave-cut strand lines can be seen encircling a steep bedrock knoll on 
China Lake Basin’s southeast side. The knoll and strand lines are similar to, or the same as, those pictured by Lee 
(1913:405). The knoll lies immediately south of Lark Seep, northwest of the intersection of Water and Knox 
Roads, and reaches a maximum elevation of about 700 meters (2,300 feet) amsl (see Figure 23). The highest 
strand line forms a subtle notch that surrounds the top of the knoll at about 695 meters (2,280 feet) amsl. Lower 
down the knoll is a conspicuous strand line at about 683 meters (2,240 feet) that coincides with the presence of a 
light-colored deposit of sediment and the absence of bedrock surface outcrops. The most prominent and recent 
looking of the three strand lines is a narrow terrace of beach sand and gravel at an altitude of about 670 meters 
(2,200 feet) amsl near the base of the bedrock knoll (see Figure 24). The elevations of all three features correspond 
with those of other suspected shoreline features previously reported in Searles and China Lake Basins (Davis 
1975; Davis and Panlaqui 1978; Kunkel and Chase 1969; Moyle 1963; Smith 1979; St.-Amand 1986), while the 
lowest wave-cut strand line lies at the same elevation as the modern outflow sill. 

A little more than 1.7 kilometers (1 mile) northeast of this knoll is a smaller bedrock knoll, located 
northwest of the intersection of Knox and Magazine roads, and about 400 meters (1,314 feet) northwest of the 
basin sill and outlet channel (see Figure 23). An examination of the knoll top revealed that calcareous algal tufa 
deposits were attached to the bedrock at an elevation of about 665.5 meters (2,183 feet) amsl, and that lakeshore 
wave-action had created extensive honeycomb patterns within the bedrock (see Figure 24). Tufa of this type 
forms when lime-secreting algae colonize zones where sunlight regularly penetrates below the surface of a lake 
(Scholl 1960). The tufa produced a date of 11,440 ± 50 BP, or 13,000 cal BP (Beta-280680; reservoir correction 
applied). As this locality lies about five meters below the modern outlet, the associated date suggests a lake stood 
below the sill level during the Terminal Pleistocene. 

At Basalt Ridge on the basin’s northern side (see Figure 23), tufa deposits occur near the ridge top at 
about 680.9 meters (~2,234 feet) amsl and are discontinuous and consist of conglomerates that contain numerous 
basalt gravel and cobbles. The elevation of these deposits correlates with the intermediate strand line (683 meters 
amsl) identified on the bedrock knoll near the basin’s outlet. Davis (1978) obtained dates of 15,650 cal BP and 
13,710 cal BP (UCLA-1911A, UCLA-1911B,) on tufa from this general location, suggesting that a coalesced lake 
existed above the China Lake Basin outflow sill as recently as 13,700 cal BP. 

Lake Level History 

Basal lacustrine deposits from Core 9 indicate that a relatively deep lake existed in that location before 
about 18,000 cal BP during the last glacial maximum. Given the depth below surface of these fine-grained 
lacustrine deposits (660.8 meters amsl; Stratum II and III), the associated high stand, probably correlated with the 
683- or 695-foot shorelines evident at the outlet knoll. The appearance of near-shore beach deposits in Core 9 
after 17,780 cal BP indicates that the lake began to contract around that time. Dates on Anodonta shell of 14,390 
± 70, or 17,504 cal BP (Beta-220692) and 13,130 ± 80, or 15,939 cal BP (Beta-220691) from the basin’s eastern 
side confirm the presence of a lake, at least periodically, from about 17,500 to 16,000 cal BP (Byrd 2007). Basalt 
Ridge tufa deposits suggest the lake attained a level of as much as 680.9 meters (~2,234 feet) amsl by 15,650 cal 
BP and again by 13,710 cal BP. If these dates are correct, they likely correlate with lacustrine deposits of Stratum 
VI, in Core 9, representing a higher stand following deposition of the lower beach deposits sometime after 17,780 
cal BP (i.e., Stratum IV). 

Lake levels dropped to at least the 670-meter (2,200 feet) sill level by 13,000 cal BP, as marked by the 
formation of algal tufa of this age on bedrock near the outlet at an elevation of about 666 meters (~2,186 feet) 
amsl. By the Early Holocene, the lake had dropped well below the 665-meter level based on a date of 11,123 cal 
BP from the basal alluvial/eolian sequence (beginning at 665.3 meters amsl) above the lacustrine sands in Core 9. 
The age of this capping deposit suggests the underlying fine-grained lacustrine sediments date older than 11,123 
cal BP. However, since the upper lake deposits remain undated, the lacustrine record could be substantially older 
than the age of the capping deposit. As no evidence was found in Core 9 to indicate that the lake ever again rose 
to the 665-meter level, China Lake seems not to have reached its outflow sill after about 13,000 cal BP. 
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China Lake Outflow Records 

Except for a few rounded bedrock knolls (e.g., Lone Butte), the narrow canyon forming China Lake’s 
outlet consists of steep and rugged bedrock slopes. The canyon floor is partially filled with dune sand and alluvial 
sediments, and does not have a continuous channel or dominant wash exposed at the surface. 

Two prominent wave-cut strand lines encircle bedrock knolls in the canyon (Figure 26). The highest of 
these lies at about 683 meters (2,240 feet) amsl, or the same elevation as the laterally extensive shoreline found in 
China Lake Basin (Figure 27). A prominent beach ridge is associated with this shoreline on the northern side of 
Lone Butte where it extends northward over a distance of about 190 meters (~623 feet) to an elevation of about 
659 meters (~2,163 feet) amsl. Composed mainly of gravel and cobbles, the ridge measures about 46 meters 
(~150 feet) across at its widest point, and is elevated some four to five meters (13 to 16 feet) above the 
surrounding land surface (Figure 27). 

A less conspicuous shoreline feature is situated at about 654 meters (2,147 feet) amsl. This shoreline is 
associated with a smaller barrier-type beach ridge on the northern side of Lone Butte, extending in a northeast 
direction for about 127 meters (~417 feet; Figure 26). Measuring about 16 meters (~50 feet) across at its widest 
point, this ridge consists mainly of gravel, and is elevated at least one to two meters (2.9-5.8 feet) above the 
surrounding land surface (Figure 27). Given its elevation below the sill of China Lake Basin, the lower shoreline 
and beach ridge appear to represent a recessional stand of Lake Searles. 

Another beach deposit was identified at a slightly lower elevation of 652 meters (2,140 feet) amsl on a 
wave-cut bedrock platform perched above the canyon floor about 1.6 kilometers (~1 mile) west-southwest of 
Lone Butte (UTM Zone 11, 447540E, 3949962N, WGS 84; Figure 26). This deposit consists of lacustrine marl 
overlain by beach sand that contains freshwater snail (Helisoma Carinifex newberryi) and mollusk (Anodonta sp.) 
shells (Figure 27). A date of 11,550 ± 50 BP or 13,387 cal BP (Beta-280686) from one of the snail shells 
establishes the age of the beach as Terminal Pleistocene. 

Salt Wells Valley and Poison Canyon 

As the connecting link between China Lake and Searles Lake basins, Salt Well Valley and Poison Canyon 
contain outcrops of lacustrine and shoreline deposits that lie below the 670-meter (2,200-foot) sill level of China 
Lake. Smith (2009) has mapped the age and extent of these deposits, and various studies have obtained 
radiocarbon dates on shells, lacustrine marl, carbonates, and rock varnish from the area (Benson et al. 1990; 
Couch 2003; Dorn et al. 1990; Garcia et al. 1993; Hildebrandt and Darcangelo 2006; Kaldenberg 2006; Lin et 
al. 1998; Ramirez de Bryson 2004; Smith 2009). Radiocarbon dates from these deposits record sustained stands 
of Lake Searles that are proxy evidence for outflow from China Lake Basin (Smith 2009). 

Nine Anodonta shells from this area yielded dates ranging between 16,645 and 13,556 cal BP (Beta-
211389, Beta-211387), with an overall mean age of 14,400 cal BP (Hildebrandt and Darcangelo 2006; 
Kaldenberg 2006). These samples were recovered between elevations of about 640 and 587 meters (2,100 and 
1,926 feet) amsl (average of 625 meter, 2,050 feet), with most or all derived from surface or reworked contexts. 
Eleven dates on marl and carbonate from Salt Wells Valley and Poison Canyon range between about 15,800 and 
12,347 cal BP, resulting in a mean of 13,717 cal BP (Couch 2003; Lin et al. 1998; Ramirez de Bryson 2004). All 
but one of these samples is from elevations of 590 to 575 meters (1,936-1,886 feet) amsl, or about 581 meters 
(1,906 feet) amsl, on average. 

Shell samples from Salt Wells Valley and Poison Canyon are generally older and regularly found about 
44 meters (144 feet) higher in elevation than the marl and carbonate samples. This relationship is consistent with 
shells occurring in shallow near-shore positions, and marl and carbonates forming in deeper off-shore positions of 
the lake. The age and elevation of these samples suggest a large and/or deep lake was established in the canyon 
more than 16,000 years ago and based on the youngest shells dates, may have persisted at relatively high levels up 
to at least 13,500 years ago. The size/depth of the lake appears to have declined substantially after about 13,300 
cal BP, as younger dates have only been obtained from one sample of marl and one sample of carbonate at low 
elevations within the canyon. This data implies that water levels had dropped below the China Lake sill and 
created two separate lake basins after about 13,300 years ago. 
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China Lake’s Outlet History 

Stratigraphic and radiocarbon evidence show there was a large and deep lake within Salt Wells Valley and 
Poison Canyon more than 15,000 years ago. This lake probably stabilized at or around 683 meters (2,240 feet) 
amsl (China and Searles coalesced), as marked by extensive shoreline features at that altitude. The lake likely 
maintained itself at relatively high levels until about 13,500 cal BP, after which the number of radiocarbon-dated 
shells in Salt Wells Valley declines. Searles Lake dropped rapidly between about 13,500 and 13,400 cal BP, until 
it temporarily stabilized at about 654 meters (2,147 feet) amsl, some 16 meters (52.4 feet) below the sill of China 
Lake. Evidence of this recessional stand includes an extensive shoreline, a barrier beach ridge, wave-cut bedrock 
platform, and beach deposit with shells dating to about 13,390 cal BP (Beta-280686), all of which occur within 
three meters (9.8 feet) or less of the 654-meter (2,147-foot) shoreline. The near absence of marl and carbonate 
deposits and freshwater shells dating less than 13,300 cal BP suggest that Searles Lake fell rapidly after this time 
and has not since returned to Salt Wells Valley or upper Poison Canyon. The history of lake level and landscape 
changes is discussed further in Chapter 5. 
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5. PALEOHYDROLOGY AND LANDSCAPE HISTORY IN THE NORTHWESTERN MOJAVE 
DESERT DURING THE PLEISTOCENE/HOLOCENE TRANSITION 

The current study documents a three-part geomorphic and hydrological transition, reflecting 
deterioration of effective moisture conditions around the time of the Pleistocene/Holocene transition in the 
northwestern Mojave Desert. This sequence is marked first by the decline in lake levels and hydrological 
separation between the lake basins of China Lake and Searles. Following this interval, groundwater continued to 
be delivered to these valleys in pulses, supporting localized wetland habitats in medial channel positions and 
around spring seeps. After 10,000 cal BP, groundwater levels dropped, formerly wet locations dried, and a 
widespread re-activation of alluvial fan deposition occurred across the northwestern Mojave Desert. 

HYDROLOGICAL HISTORY OF LOWER OWENS RIVER AND LOCAL DRAINAGES 

Between about 18,000 and 13,500 cal BP, China Lake Basin received substantial and often sustained 
inflows from the lower Owens River and other local drainages, resulting in high lake stands. Deposition of deep-
water lacustrine sediments (Core 9), freshwater Anodonta shells, tufa deposits, and related shoreline features, offer 
compelling proof of high water levels in China Lake and Searles basins during this time period (details provided in 
next section). Surface flows from Owens River are confirmed by coarse-grained channel deposits (i.e., cobbles and 
gravels) along the river in Rose Valley, dating just prior to 13,400 cal BP. In the South Borrow Pit, fine-grained 
silt and an organic-rich black mat rest immediately above Owens River channel deposits and indicate that active  
water flow slowed or stopped and the depositional regime changed sometime around 13,400 cal BP (Figure 29). 
It remains possible that the lower Owens River continued to flow after this time, as the active channel could have 
shifted away from the sample locality. However, stratigraphic records from several other locations in Rose Valley 
dating to the Early Holocene and later reveal only coarse alluvial fan or fine-grained distal fan/playa deposits in 
axial positions once occupied by the lower Owens River.  

Comparatively high surface water flows prior to 13,000 cal BP in the Indian Wells Valley region is also 
supported by the terrace sequence and stratigraphic records preserved in local washes. No later than 12,600 cal 
BP, alluvial deposits began to accumulate as discrete and discontinuous inset terraces in the medial and lower 
reaches of the largest drainage systems, including Little Dixie and Dove Springs washes. These deposits now form 
the first terrace (T2) above the active channels and fill erosional voids carved into older and higher distal fan 
deposits (Figure 28). The position of these terraces suggests that the dominant fluvial process prior to about 
12,600 cal BP was lateral channel migration and erosion. The absence of older terrace deposits in these inset 
positions indicates that local run-off may have been substantially higher before this time. By 12,600 cal BP, the 
competency of these drainages had declined and they were no longer capable of evacuating even fine-grained 
sediments. 

Between about 12,600 and 10,500 cal BP, water discharge into some local washes appears to have been 
regular, but episodic, reflected by similar sequences of stratified sands, silts and organic-rich horizons preserved as 
inset terraces at Little Dixie Wash, Dove Springs Wash, and Indian Wells Canyon. Groundwater and/or effective 
moisture conditions supported mesic habitats colonized by freshwater gastropod and ostracode species, formation 
of soils and organic-rich layers (black mats), and the episodic deposition of paludal (spring or marsh) sediments. 
At least three cycles of deposition are recorded during the Terminal Pleistocene/Early Holocene (Figure 29). The 
first two depositional pulses occurred between 12,600 and 12,300 cal BP, and between 12,000 and 11,800 cal 
BP. The latter interval coincides with the appearance of freshwater mollusks and formation of organic-rich 
horizons in Little Dixie Wash. In the South Borrow Pit in Rose Valley, deposition of more than two meters of 
fine silt loam is recorded along the lower Owens River channel after 13,400 cal BP, but before 11,400 cal BP, 
when an organic rich mat developed. At this same time, formation of spring mats dated between 11,540 and 
11,270 cal BP is evident at the Basalt Ridge locality in China Lake Basin (Basgall 2004) and an organic mat 
developed in Indian Wells Canyon, dated to about 11,200 cal BP. The Early Holocene brought a repeat of this  
 



E
le

va
ti

o
n

 in
 M

et
er

s 
(a

m
sl

)

Distance in Meters (NW to SE)

837

839

841

843

845

847

835

833

NORTHWEST SOUTHEAST

8007006005004003002001000

T-3
Older Pleistocene

Fan Deposit

T-2 T-1
Little Dixie WashLocus 3

Active Wash
Deposit

EXAGGERATED VERTICAL SCALE

coarse sand
and gravel

coarse sand
and gravel

coarse
sand and

gravel

coarse
sand and

gravel

fine sand
and gravel
fine sand

and gravel

T-3
Older Pleistocene

Fan Deposit

T-3T-3

O
ld

er
 P

lie
st

oc
en

e
Fa

n 
D

ep
os

it

T-3T-3

O
ld

er
 P

le
is

to
ce

ne
Fa

n 
D

ep
os

it

Transect shown in Figure 15

Middle Holocene
Alluvial and

Aeolian Deposits

Terminal Pleistocene-
Earliest Holocene
Alluvial Deposits

Figure 28. Elevational Cross Section of Little Dixie Wash Showing Inset Position
of Terminal Pleistocene/Earliest Holocene Terrace.

Constructing a Regional Historical Context for Terminal
Pleistocene/ Early Holocene Archaeology of the
North-Central Mojave Desert, Step 1

Far Western62



6,
5

0
0

7,
5

0
0

8,
5

0
0

9,
5

0
0

10
,5

0
0

11
,5

0
0

12
,5

0
0

13
,5

0
0

14
,5

0
0

15
,5

0
0

16
,5

0
0

17
,5

0
0

18
,5

0
0

China Lake

Salt W
ells Valley

Poison Canyon Outlet

Searle
s Lake Basin

Alluvial Fans and Floodplains

fro
m Terre

stria
l D

rainages

PLEISTOCENE HOLOCENE

cal BP (Median Probability, 2-Sigma Range)

Y
O

U
N

G
E

R
 D

R
Y

A
S

 I
N

T
E

R
V

A
L

C
hi

na
-S

ea
rle

s S
ep

ar
at

e

O
w

en
s R

ive
r I

nf
lo

w
C

hi
na

-S
ea

rle
s C

oa
le

sc
ed

Te
rre

st
ria

l
Al

lu
viu

m

6,
5

0
0

7,
5

0
0

8,
5

0
0

9,
5

0
0

10
,5

0
0

11
,5

0
0

12
,5

0
0

13
,5

0
0

14
,5

0
0

15
,5

0
0

16
,5

0
0

17
,5

0
0

18
,5

0
0

N
um

be
r o

f D
at

es
(N

=9
0;

 M
ed

ia
n 

Pr
ob

ab
ilt

ie
s 

at
 2

00
-Y

ea
r I

nt
er

va
ls

)

0
2

4
6

8

0
2

4
6

8

La
ke

s R
ec

ed
e

an
d 

D
es

sic
at

e

Fi
gu

re
 2

9.
 R

ad
io

ca
rb

on
 R

ec
or

d 
of

 L
ak

e 
Le

ve
l a

nd
 L

an
ds

ca
pe

 C
ha

ng
es

 in
 th

e 
C

hi
na

 L
ak

e 
B

as
in

 A
re

a.

C
H

IN
A

 L
A

K
E 

B
A

SI
N

 A
R

EA

Constructing a Regional Historical Context for Terminal
Pleistocene/ Early Holocene Archaeology of the
North-Central Mojave Desert, Step 1

Far Western63



 

 

Constructing a Regional Historical Context for Terminal 64 Far Western 
Pleistocene/ Early Holocene Archaeology of the  
North-Central Mojave Desert, Step 1 

pattern as a depositional pulse after about 11,200 cal BP was again followed by the emergence of habitats 
supporting freshwater mollusks and the development of organic-rich horizons by about 10,700 cal BP in Little 
Dixie Wash. Deposition of fine-grained, clay-rich silts dated between 10,600 and 9065 cal BP at the Lava End 
locality in Rose Valley also reflect comparatively high ground-water flows into the Early Holocene. 

Physical evidence of surface water at this time, however, is not widespread but largely limited to specific 
drainage segments where hydrologic conditions permitted the formation of braided channel systems (cienegas) 
and near-level inset alluvial terraces composed of only very fine-grained sands, silts, and clays. Much of the water 
in these settings was likely supplied by local springs and other groundwater sources fed and recharged in part, by 
non-local sources at higher elevations in the Sierra, such as the upper South Kern River; an important source of 
ground water in southern Indian Wells Valley (Guler and Tyne 2004, 2006; Ostdick 1997). These conditions 
began around the on-set of the Younger Dryas, but continued well into the Early Holocene. 

After about 10,500 cal BP, the number of groundwater-related deposits declined substantially, 
presumably due to warmer and drier conditions characteristic of the Middle and Late Holocene in the 
northwestern Mojave Desert. However, a brief period of moist conditions during the Middle Holocene is 
recorded at Dove Springs Wash, where ostracode-rich, fine-grain paludal deposits (Stratum X-5Ab) date to 4753 
cal BP (Beta-280993); the only such example post-dating 10,400 cal BP identified during this study. 

LAKE LEVEL HISTORY 

China Lake Basin appears to have received substantial input from the lower Owens River and other local 
washes, up to about 13,400 cal BP. A prominent wave-cut shoreline and related features at an elevation of about 
683 meters (2,240 feet) amsl in China Lake Basin, and lacustrine deposits in Salt Wells Valley, Poison Canyon, 
and the larger Searles Lake Basin dated between about 16,000 and 15,000 cal BP (Figure 30), indicate that waters 
from China and Searles basins merged to form a relatively stable and sustained lake (Figure 31). We estimate the 
Terminal Pleistocene lake to have covered an area roughly 272 square kilometers and include a water volume of 
about 3.8 million cubic meters. Bivalve shells in upper Salt Wells Valley dated between 14,035 and about 13,955 
cal BP occur below the 670-meter elevation (although the precise context and elevation of these dated shells 
remains unknown; Kaldenberg 2006), suggesting declining waterlevels and separation of the two lake basins. By 
13,700 cal BP, a coalesced lake reformed and stabilized well above the modern China Lake sill (670.6 meters, 
2,200 feet) at an elevation of no less than 681 meters (2,234 feet) amsl, based on a dated tufa sample from the 
Basalt Ridge in China Lake Basin (Davis and Panlaqui 1978). 

Lake levels appear to have fallen at least 11 meters (36.1 feet) to the elevation of the China Lake Basin 
outflow sill (670.6 meters; 2,200 feet amsl), between about 13,700 and 13,400 cal BP and China and Searles 
lakes separated (Figure 30). Evidence for this rapid decline comes from a date of 13,390 cal BP on freshwater 
Helisoma sp. shell associated with a beach deposit in upper Salt Wells Valley, at an elevation of 654 meters (2,147 
feet) amsl, and a date of 13,000 cal BP from algal tufa situated just below the outflow sill in China Lake Basin, at 
an elevation of 666 meters (2,186 feet) amsl. The decline in depth recorded for China and Searles lakes correlates 
almost precisely with evidence from the lower Owens River channel indicating that high-energy surface flows 
stopped by 13,400 cal BP. The separate lakes stabilized long enough to form a prominent set of shoreline features 
at the sill elevation in China Lake Basin (670.6 meters; 2,200 feet amsl) and in upper Salt Wells Valley at an 
elevation of about 654 meters (2,147 feet) amsl (see Figure 27). We estimate this lake stand to have covered an 
area roughly 160 square kilometers with a water volume of 1.03 million cubic meters—about 75% less volume 
and 60% less area than the coalesced high stand. 

China Lake receded below the 665 meter (2,182 feet amsl) elevation sometime between 13,000 and 
11,100 cal BP (Figure 30), based on dated alluvial fan deposits in Core 9, at an elevation of 665 meters, and the 
algal tufa formed near the outflow sill, at an elevation of 666.3 meters (2,186 feet). A continuous sequence of 
alluvial fan deposits in Core 9, above the 665 meter elevation, and radiocarbon dates on buried soils obtained by 
Davis (Davis and Panlaqui 1978) at her Stake 1 locality, and by Basgall (2004) at Basalt Ridge, indicate China 
Lake did not reach or exceed the sill level after 12,000 to 11,000 cal BP (Figure 30). Any high-water stands within  
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Figure 31. Elevation of Former Shore Lines and Lake Levels in Relation to Modern Topographic
Features and Selected Prehistoric Sites
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the basin during the remainder of the Holocene would have resulted in a maximum water depth of no greater 
than ten meters (33 feet), based on the elevation of the modern playa at 655 meters (2,149 feet) amsl. This would 
have resulted in a lake roughly 97 square kilometers in size, with a water volume of just 377,000 cubic meters—
90% less volume and 75% less area than the Late Pleistocene high stand. 

Beach berms and barrier ridges along the eastern side of China Lake Basin (see Figure 23 and Figure 31), 
occur at an elevation of roughly 662 meters (2,172 feet) amsl and appear to have been formed during brief 
Holocene transgressions or represent recessional features, post-dating 13,000 cal BP, based on the dated tufa 
sample at an elevation of about 666 meters (2,186 feet) amsl. Preliminary photon-stimulated-luminescence dating 
of the beach ridges is consistent with this interpretation, suggesting these features formed sometime between 
about 8,000 and 13,000 years ago (Berger in Giambastiani 2008), during the Terminal Pleistocene/ Early 
Holocene. 

TERRESTRIAL LANDFORM HISTORY 

Between about 10,400 and 9800 cal BP, a substantial shift in depositional regimes is apparent across 
Indian Wells Valley and the broader northwestern Mojave Desert, represented by the accumulation of coarse-
grained alluvial fan deposits which now form extensive piedmonts along valley margins. In fan-head positions, 
these Holocene-age deposits are set below Pleistocene-age fan surfaces, but mantle the older deposits toward the 
valley bottom. This period of fan rejuvenation follows an extended interval of landscape stability during the 
Terminal Pleistocene/ Early Holocene, represented by widespread stratigraphic unconformities marked by buried 
soils dating to this time period. 

Holocene-age deposits form modern fan surfaces bordering local washes and immediately overlie fine-
grained sediments deposited as inset terraces during the Terminal Pleistocene/ Early Holocene at Little Dixie 
Wash and Indian Wells Canyon. Along Little Dixie Wash, younger fan deposits also extend onto the distal 
portions of older fans, forming a continuous apron across both surfaces (see Figure 28). Dates from inset terraces 
at Little Dixie Wash localities 1 and 3 indicate fan progradation began after 10,900 to 10,700 cal BP. This is 
consistent with a stratified alluvial fan sequence identified at the confluence of Freeman Gulch and Little Dixie 
Wash at Locality 5 (see Figure 15), which began forming before ~7800 and 7200 cal BP. 

In Indian Wells Canyon, fan aggradation began sometime after 11,190 cal BP, but before 9810 cal BP, 
based on a date from the uppermost loamy sand stratum and one from a buried soil formed on the overlying 
coarse-grained fan deposit. On the piedmont bordering the western side of Indian Wells Valley, Young (2007) 
reported a date of 10,246 cal BP (Beta-237063) from a buried soil capped by coarse fan deposits, while at the 
Basalt Ridge locality in China Lake Basin, Basgall (2004) reported a date of 9360 cal BP (Beta-170209) from a 
buried soil, also capped by coarse, distal fan/and or eolian deposits. Just south of Indian Wells Valley, in the 
Koehn Lake Basin (the outflow to Dove Springs Wash), Early Holocene fan rejuvenation is also marked by a 
buried soil dated to 10,640 cal BP (Beta-255187; Young 2009). 

In Rose Valley, alluvial fan deposits began accumulating about 9800 cal BP in the North Borrow Pit, and 
in the South Borrow Pit after 11,775 cal BP, while buried soils formed on distal fan/playa deposits at Dead Chevy 
Flat, Cinder Flat, and Rose Valley Flat are dated 11,097, 10,370, and 8130 cal BP, respectively. At Little Lake just 
to the south of Cinder Flat, alluvial fan deposits capped a buried soil at the Stahl site (INY-182) dated 9600 cal BP 
(Schroth 1994), further suggesting fan aggradation was widespread in Rose Valley during this time period. 

Combined, these records suggest that a prolonged period of alluvial fan stability during the Terminal 
Pleistocene/Early Holocene was interrupted, beginning in the Early Holocene, by widespread fan rejuvenation 
and deposition. Younger-dating buried soils in some of these same fans (e.g., Young 2007), indicate that 
punctuated fan deposition has been the dominant geomorphic process in the northwestern Mohave Desert 
through the Holocene. 

COMPARISON WITH REGIONAL RECORDS 

Up to about 13,400 cal BP effective precipitation and Sierra Nevada run-off was sufficient to maintain 
high-energy surface flows through the lower Owens River channel to China Lake Basin. These inflows 
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periodically resulted in a coalesced lake between China Lake and Searles Basins. After this time however, surface 
flows through the lower Owens River stopped and China and Searles lakes declined rapidly. The two lakes 
eventually separated, when water levels dropped below the China Lake Basin outflow sill by 13,400 cal BP. For 
some period of time the lakes remained at elevations approaching the outflow sill (~670 meters amsl), but by 
11,100 cal BP, China Lake had dropped below 665 meters amsl. 

Searles and Owens Lake Basins 

The lacustrine record for China Lake presented here corresponds reasonably well with the reported 
sequence of high and low lake stands in the adjoining and inter-connected basins of Owens and Searles Lakes. 
However, interpretations of the mechanisms responsible for Terminal Pleistocene/Early Holocene lake level 
fluctuations in Owens and Searles basins are currently at odds. A recent study by Bacon et al. (2006) concluded 
that Owens Lake probably stopped overflowing to Rose Valley and China Lake Basin after 15,500 cal BP. The 
record from Searles Basin reported by Smith (2009) and others (e.g., Benson et al. 1990; Smith and Street-Perrott 
1983), identify substantial evidence for lake stands in Searles Basin up to about 12,900 cal BP (ca. 11,000 
RCYBP) attributing this to sustained input from the Owens River via outflow from Owens and China Lake 
(Smith 2009:81-83). Despite differences in the interpretation of the source of water in put, calibrated radiocarbon 
dates from these interconnected basins demonstrate that intervals of high and low lake levels largely correspond 
from the Terminal Pleistocene into the Early Holocene. 

In Searles Basin, Smith (2009:Figure 39) recognizes a high stand at about 18,700 cal BP (15,500 
RCYBP) followed by declining lake levels between about 18,200 and 16,600 cal BP (15,500-13,500 RCYBP), 
similar to a decline in China Lake levels after 17,780 cal BP (14,610 RCYBP) as evinced by beach deposits below 
the outflow elevation in Core 9. Owens Lake is also inferred to be nearly dry during this period (Bacon et al. 
2006:Figure 3). Subsequently, the Searles lake record suggests a coalesced lake formed in China Lake and Searles 
Basins at around 15,500 cal BP, reflected in the China Lake Basin by off-shore lacustrine deposits above the beach 
sands in Core 9 (Stratum VI, 7Cu), and tufa deposits at Basalt Ridge dated 15,650 cal BP. This high stand is also 
consistent with Bacon et al.’s (2006:Figure 3) suggestion that water levels in Owens Lake rose to the sill level and 
overflowed into the lower Owens River channel about 15,500 cal BP.  

Smith (2009:75, Figure 39) indicates Searles Lake rose once again between 13,900 and 12,900 cal BP 
(12,000-11,000 RCYBP), when it coalesced with China Lake. We believe that Smith (2009:Table 5) based the 
youngest age of the final transgression on a radiocarbon date of 10,900 RCYBP or 12,500 cal BP obtained on 
tufa reported by Garcia et al. (1993) from an elevation of 689 meters (2,261 feet) amsl in Searles Basin. Uranium-
series dating of this same sample provided a much older date of 17,000 RCYBP (Garcia et al. 1993; Smith 
2009:Table5), however, suggesting the tufa may relate to an earlier high stand. Lin et al. (1998) re-sampled tufa 
deposits from this same location and generated a date of 12,070 ± 100 RCYBP or 13,900 cal BP, very similar to 
the date and elevation of the last high stand recognized in China Lake Basin. This final coalesced lake is 
represented at an elevation of 681 meters amsl by a second Basalt Ridge tufa, dated 13,700 cal BP (11870 ± 120 
RCYBP). Evidence developed for the current study indicates lake levels declined precipitously in China Lake and 
Salt Wells Valley after this date, closely matching a decline of more than 20 meters in Owens Lake dated about 
13,200 cal BP (Bacon et al. 2006:Table 3, Figure 3) and extremely low lake levels in Searles basin after 12,900 cal 
BP (Smith 2009:75). 

To the extent that the Searles and China Lake records agree that a coalesced lake persisted in these basins 
until just before 13,400 cal BP, current information suggests this high stand could not have been the result of 
overflow from Owens Lake. According to Bacon et al. (2006) Owens Lake last spilled into the lower Owens River 
much earlier (ca. 15,500 cal BP). If true, evidence for high-energy surface flows in the lower Owens River channel 
and high lake levels in China Lake and Searles Basins after 15,000 cal BP derive solely from Sierran run-off into 
Rose Valley and Indian Wells Valley. However, it remains an open question whether local drainages alone could 
cause China and Searles lakes to coalesce, without input from Owens Lake and the larger Owens River watershed 
(e.g., Smith 2009:83). Even if run-off into Rose Valley and Indian Wells Valley after 15,000 cal BP was sufficient 
to cause a unified lake stand, equal, if not larger, amounts of water would be expected to enter the upper Owens 
River from the Sierra, potentially causing Owens Lake to rise and spill over (e.g., Smith 2009:83). Unfortunately, 



 

 

Constructing a Regional Historical Context for Terminal 69 Far Western 
Pleistocene/ Early Holocene Archaeology of the  
North-Central Mojave Desert, Step 1 

channel deposits in the lower Owens River bed dated to before 13,400 cal BP cannot be directly attributed to 
overflow from Owens Lake, yet their presence indicates high-energy surface flows through Rose Valley continued 
during the Terminal Pleistocene, a phenomenon not recorded in stratigraphic records after this time. 

All dates from Searles Basin after about 12,000 cal BP (~10,200 RCYBP) are associated with the Upper 
Salt deposit, and represent a desiccated or dry lake (Smith 2009:Table 10). While radiocarbon dates from 
lacustrine-related deposits (e.g., tufa, marl, oolites, bivalves, gastropods, and organic sediments) in Searles Basin, 
suggest an intermittent lake may have persisted there until about 11,000 cal BP (Figure 32), a coalesced lake 
could not have extended into China Lake Basin. Radiocarbon-dated buried soils at elevations between 666 and 
667 meters amsl (Davis and Panlaqui 1978), spring mats at an elevation of 674 meters (Basgall 2004), and 
alluvial fan deposits at 665 meters in Core 9, demonstrate that if a lake was present in China Lake Basin after 
13,000 cal BP, it lay well below the basin’s outflow sill at 670 meters amsl. These records further suggest that any 
Holocene lake in China Lake Basin was likely no greater than about ten meters deep, supporting Benson et al.’s 
(1990) contention that “lakes did not form in the Searles Lake Basin during the Holocene as the result of spill 
from the Owens Lake Basin” (Benson et al. 1990:270). 

Other Mojave Desert Records 

Radiocarbon evidence from several other lake basins in the Mojave Desert corresponds well to the China 
Lake record reported here. With the exception of the Mojave River system (e.g., Silver Lake, Soda Lake, Afton 
Canyon, and Mojave River), virtually all dated samples indicate that vestigial pluvial lakes in this region were gone 
by about 11,000 cal BP (Figure 32 and Figure 33). As the Mojave River system has its headwaters in the 
Peninsular Ranges of western California (see Figure 4), this drainage appears to have continued to receive extra-
local surface flows periodically up to about 10,000 cal BP, and occasionally thereafter (Wells et al. 2003). 
However, the last sustained high stand at Lake Mojave occurred during the Lake Mojave II Period, which ended 
about 13,000 cal BP (11,400 RCYBP). This is almost precisely the same time as the last period of high lake stands 
recognized in China Lake Basin and Searles Basin. Most other lake basins in the Mojave Desert (e.g., Coyote 
Lake, Bristol Lake, Koehn Lake, Panamint Valley, Death Valley), appear to have also dried by about 13,000 cal 
BP (Figure 32 and Figure 33), roughly corresponding to the beginning of the Younger Dryas. Radiocarbon 
evidence suggests some of these basins may have periodically held water later in time, but none of the dated 
samples evince persistent lake stands after 11,000 cal BP (Figure 32 and Figure 33). 

Overall, effective moisture in the wider Indian Wells Valley region appears to have remained 
comparatively high after 13,000 cal BP resulting in the formation of spring seeps and minor, episodic, surface 
flows in the lower Owens River channel, some local washes, and in China Lake Basin, probably fed by local and 
extra-local sources of ground water. This period does not appear to have been uniformly wetter. Rather, the 
geomorphic record suggests brief periods of higher effective moisture, which largely ended in the China Lake 
region by 9000 cal BP. This correlates with the Intermittent Lake III Period at Lake Mojave (Wells et al. 2003), 
dated between 13,000 and about 9800 cal BP (11,400 to 8700 14C BP). 

Depositional pulses of fine-grained sediments and the development of organic-rich horizons between 
12,600 and about 8000 cal BP recorded in Rose Valley and local washes, correlate almost precisely with similar 
ground-water records from black mats and other fluvial deposits (Unit E) reported by Quade et al. (2003) from 
western Nevada in the eastern Mojave Desert (Figure 34). Isolated spring deposits from China Lake Basin dated 
between 11,400 and 11,200 cal BP (Basgall 2004) and at Rogers Ridge in Nelson Basin at Fort Irwin dated 
between 9200 and 8800 cal BP (Jenkins 1985), are also indicative of this period of higher groundwater discharge 
during the Early Holocene. While wetter conditions persisted as late as 8000 cal BP in some locations, a 
comparison of regional records (Figure 34) shows that the most sustained period of elevated groundwater 
discharge correlates almost precisely with the end of the Younger Dryas (ca. 12,000 to 11,600 cal BP). 
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An abrupt shift in geomorphic processes is characteristic of the final phase of the Pleistocene/Holocene 
transition in Indian Wells Valley. Beginning after about 10,400 cal BP, an extended period of landscape stability 
was interrupted by depositional cycles recorded in numerous alluvial fans across this region. Harvey et al. (1999), 
McDonald et al. (2003), and Miller et al. (2010) have previously recognized this phenomenon elsewhere in the 
Mojave Desert, attributing it to shifts in climate and vegetation associated with the Pleistocene/Holocene 
transition. Declines in vegetative cover at the beginning of the Holocene, combined with a shift from mainly 
winter to summer (monsoonal) precipitation, appear to be responsible for these widespread geomorphic changes 
(Harvey et al. 1999; McDonald et al. 2003; Miller et al. 2010). An isotopic record from ostracodes recovered in 
basal alluvial fan deposits in Rose Valley (see Appendix D) supports the notion that greater seasonal rainfall from 
increased monsoonal activity, as opposed to simply vegetation shifts, are responsible for these widespread 
depositional responses (McDonald et al. 2003). 

CONCLUSIONS 

Analysis of the geomorphic and hydrologic records of surface water inflows and lake level histories in 
Indian Wells Valley document a three-part shift during the Terminal Pleistocene and Early Holocene that 
strongly correlates with other geomorphic and fluvial information from the central and eastern Mojave Desert. 
Similarities in these records indicate that effective moisture during the Terminal Pleistocene/Early Holocene in 
the Mojave Desert was higher than anytime since. Pluvial lakes in China and Searles Basins reached high stands at 
the height of the glacial maximum (ca. 20,000 cal BP), in concert with other pluvial lakes in the Mojave Desert 
(e.g., Lake Manly, Lake Mojave, etc.). Lake levels appear to have fluctuated until about 13,000 cal BP, coincident 
with the onset of the Younger Dryas. Occasional lake stands may have occurred after that time in the larger basins 
of the Mojave Desert (e.g., Searles Lake) or those fed by extra-local water sources (e.g., Owens Lake and Lake 
Mojave) If a lake was present in China Lake Basin during the Holocene, it could have only been intermittent, and 
did not reach above 665 meters amsl, far below the outflow sill to Searles Basin at 670 meters. Groundwater-
related deposits including organic-rich black mats, dating between about 12,600 and 10,000 cal BP, are preserved 
in several drainages entering China Lake Basin, and are consistent with region-wide evidence for high 
groundwater levels and increased spring discharge during the Terminal Pleistocene and first part of the Holocene. 

Terminal Pleistocene/ Earliest Holocene stratigraphic and paleoenvironmental records identified by this 
study have established a firm foundation for future archaeological research in the China Lake area. The pluvial 
lake history of China Lake Basin is much better resolved based on this synthesis, adding clarity to the conflicting 
interpretations drawn from adjacent lake basins. The pluvial system was in substantial decline by the beginning of 
the Clovis Period (ca. 13,500 to 12,900 cal BP), but a lake persisted in China Lake Basin through much of this 
interval. After 13,000 cal BP, around the beginning of the Younger Dryas, groundwater was the primary source 
for surface flows throughout Indian Wells Valley and elsewhere in the Mojave Desert, expressed mainly as isolated 
spring seeps and as wetlands in inset terrace positions along major washes and streams. Former lake basins appear 
to have periodically held water through this interval, but well below previous high stands. A rapid decline in 
effective precipitation during the Early Holocene is marked by widespread alluvial fan deposition in the Mojave 
Desert, most likely related to periodic summer monsoons.  
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6. CONCLUSION AND OUTLINE FOR STEP 2 

Step 1 of the DoD Legacy Program study “Constructing a Regional Historical Context for Terminal 
Pleistocene/Early Holocene Archaeology of the North-Central Mojave Desert” is now complete. The objective of 
this initial step was to reconstruct the paleoenvironment during the Pleistocene/Holocene transition (15,000-
8000 cal BP). This investigation was an unqualified success and provides a firm foundation for creating a strong 
historical context for early human occupation in the northern Mojave Desert (which will be carried out in Step 2 
of the project). This paleoenvironmental research identified and dated a three-stage geomorphic and hydrological 
transition tied to deterioration in effective moisture. Initially, Pleistocene pluvial lake levels declined, and China 
Lake and Searles lake basins became hydrologically separated by 13,400 cal BP. China Lake, however, persisted 
until just after 13,000 cal BP. Subsequently, localized wetland habitats flourished as high groundwater levels and 
spring discharge continued to deliver surface flows to local washes and the China Lake Basin area.  These wetland 
habitats largely disappeared by ~9000 cal BP as groundwater levels dropped, and alluvial fan deposition increased. 

IMPLICATIONS FOR EARLY HUMAN SETTLEMENT AND SITE PRESERVATION 

Each of the paleoenvironmental changes described above almost certainly had an effect on the 
subsistence economies of early foraging groups and the location and preservation of archaeological sites from the 
Terminal Pleistocene and Early Holocene. Notably, sites in China Lake and Searles Basins dating to pre-Clovis 
and Clovis time segments (15,000 to 13,000 cal BP) should occur above the Terminal Pleistocene lake high 
stand, at elevations greater than 670 to 680 meters amsl. In contrast, post-Clovis age sites from the Younger Dryas 
Terminal Pleistocene and Preboreal Early Holocene (13,000 to 10,500 cal BP) should be much more widely 
distributed and will likely occur below the prior lake high stand on the valley floor. Archaeological deposits from 
the Late Pleistocene (i.e., Pre-Clovis and Clovis intervals) and Terminal Pleistocene/ Early Holocene are also 
expected to occur along the lower Owens River channel and other local washes where surface water flows persisted 
and localized wetland habitats developed. As surface water flows declined in the Early Holocene, sites from this 
time period are expected to cluster near active spring seeps and close to the China Lake playa where near-surface 
groundwater created periodic playa lakes and associated wetland habitats attractive to early foraging groups. 
However, widespread alluvial fan activation beginning in the Early Holocene may have buried many 
archaeological deposits from the Pleistocene-Holocene transition. Such buried sites are expected to occur where 
Holocene-age distal fans intersect former lake margins and overtop older fan remnants adjacent to major washes, 
particularly those draining the eastern Sierra Nevada. Finally, we would anticipate a very different settlement 
distribution in the latter portion of the Early Holocene (after 9000 to 8000 cal BP) and into the Middle 
Holocene, as groundwater levels declined and wetland habitats disappeared from valley basins and Sierra-fed 
streams,, and only the most productive springs continued to provide surface water flows. 

STEP 2 – HISTORICAL CONTEXT 

Paleoenvironmental results, just described, provide a firm foundation for conducting Step 2 and 
successfully completing the overall project objectives. This entails creating a strong historical context for 
understanding the archaeology of the Terminal Pleistocene and Early Holocene. This will strengthen stewardship, 
provide a consistent and rigorous basis for determinations of eligibility for the National Register of Historic 
Places, and greatly assist in the management of these cultural resources, as required by Section 110 of the National 
Historic Preservation Act. As discussed in the proposal, Step 2 will entail reconstructing Terminal 
Pleistocene/Early Holocene plant and animal communities to understand fluctuations in resource potential, and 
re-examining Terminal Pleistocene/Early Holocene archaeological sites within the north-central Mojave Desert to 
reconstruct changing land-use patterns. 

To accomplish these objectives, Step 2 will be comprised of four elements. First, the nature of local 
habitats will be reconstructed across this three-stage Terminal Pleistocene/Early Holocene transition. This is 
necessary since rapid climate change at the end of the Pleistocene created novel plant and animal co-associations 
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that lack modern analogs. This habitat reconstruction will concentrate on identifying the range of available food 
resources and their relative abundance at various points in time. Ancient plant communities will be reconstructed 
based on pollen identification and analysis from alluvial sections, cores, and possibly packrat middens. Changes in 
the type and abundance of animal resources (large and small fauna as well as extinct megafauna) will be derived 
from a synthetic, temporal analysis of a large body of existing paloenotological data in the region. 

Next, new analysis of existing Terminal Pleistocene/Early Holocene archaeological site collections within 
the north-central Mojave Desert will be conducted using modern methods and techniques. First, we will focus on 
dating assemblages. This analysis will capitalize on our recent success in distinguishing discrete artifact scatters 
dating to different temporal segments within the Terminal Pleistocene/Early Holocene using new obsidian 
hydration methods (e.g., Byrd 2006, 2007, 2010; Byrd et al. 2010; Rosenthal 2010). Previously, most obsidian 
artifacts from Early sites were considered unsuitable for obsidian hydration dating owing to extensive surface 
weathering; new techniques that obtain readings from small cracks created during initial manufacture have 
overcome this obstacle. Fortunately, the extensive Terminal Pleistocene/Early Holocene archaeological record in 
the north-central Mojave region (especially at NAWS China Lake and Fort Irwin NTC) has an abundance of 
obsidian artifacts from the nearby, well-studied Coso Volcanic field. By combining obsidian hydration results 
from flakes and formed artifacts, with diagnostic projectile points and their hydration readings, sites can be 
classified by age and in relationship to our three-stage paleoenvironmental reconstruction. 

Subsequently, sites within each temporal segment will be analyzed from a functional and technological 
standpoint. This will include consideration of site and assemblage size, raw material reliance, and variation 
between tool types (focusing on variation in the relative emphasis on chert, obsidian, and other coarser-grained 
volcanic rocks), flaked stone reduction strategies (especially biface and core reduction), and the range and relative 
emphasis on particular tool types (such as different types of scrapers and crescents). These insights into 
manufacturing traditions and tool kits will form a basis for inferring site function, resource emphasis, and 
potential historical relationships to other cultural complexes in California and the intermountain west (e.g., Beck 
and Jones 2010; Graf and Schmidt 2007; Fitzgerald et al. 2005; Madsen 2004). 

Step 2 will conclude with the construction of a GIS-linked data base that presents regional patterns in site 
distribution at different points in time. New archaeological and paleoenvironmental data will be integrated into a 
GIS-derived diachronic model of early human settlement. This model will highlight diachronic trends in regional 
site distribution patterns. The overall results will fill data gaps, provide a basis for systematizing data collection, 
identify areas where buried archaeological sites of specific ages may be located, and result in a new and appropriate 
historic context for evaluating Terminal Pleistocene/Early Holocene sites in the north-central Mojave region. 
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