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ABSTRACT 
 
 
 

SHELL MIDDENS IN THE MOJAVE DESERT: 
 

ARCHAEOLOGICAL INVESTIGATIONS IN THE EAST CRONESE BASIN 
 
 
 

By 
 

Robert William Fitzgerald 
 

Master of Arts in Anthropology, Public Archaeology 
 
 

During the Holocene, the Mojave Desert was an arid environment with broadly 

distributed resources and the various groups living in the region practiced a highly mobile 

existence, choosing camp and settlement locations based on the availability of streams and 

recharging springs. Yet, in the Cronese Basin in the Central Mojave Desert, there are numerous 

archaeological sites that contain remnants from a lacustrine environment, including shellfish 

middens and fish bones. Additionally, this basin is located within 10 miles of one prehistoric 

trade route, the Mohave Road, and one historic trade route, the Old Spanish Trail. The Cronese 

Basin is an understudied region in California and Great Basin archaeology and expanding 

research in this area by investigating the subsistence practices of sites within its geographic 

context will help provide a better understanding of the people who utilized this area in the past. 

In the summer of 2017, Dr. Des Lauriers and I conducted an archaeological field school in the 

Eastern Cronese Basin with thirteen students to survey the prehistoric lakeshore of the basin and 

to record and test the sites that we encountered. For the purposes of this thesis, I focus on data 

recovered from one site, field designation CFS2017D. Data collection consisted of five radial 
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surface collections and one 2m x 1m excavation unit placed over a shell midden feature. A basic 

analysis of the faunal assemblage from the radial surface collections and excavation unit show 

the diet of the people who created this site was varied, consisting of freshwater shellfish, fish, 

aquatic and terrestrial reptiles, small and large mammals, and a variety of birds. An analysis of 

the growth metrics of the shellfish remains suggest that the lakestand in which they grew lasted 

for at least four years, meaning that the people in this area would have had access to a freshwater 

lake for at least that length of time. In an otherwise arid landscape where water is a determining 

factor for survival, this would have been an attractive resource for desert peoples. The basin’s 

proximity to two known trade routes further suggests that the Cronese Basin could have been 

part of these trade routes when the lake and its associated resources were present. 
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INTRODUCTION 
 
 This thesis aims to discuss the use of riverine and lacustrine resources by desert foragers 

using an archaeological site from the East Cronese Basin, located in the Central Mojave Desert, 

as a case study. In particular, the use of fresh-water shellfish in a desert context by prehistoric 

groups is an understudied aspect of the subsistence practices in this region. Using information 

obtained from these faunal remains, general information about their ecological requirements can 

be determined, and since the shellfish remains were recovered from an archaeological context, 

we can infer the ecological conditions of the immediate location at the time of occupation. This 

information will allow us to further develop our understanding of subsistence practices for the 

peoples who utilized the area, especially with regard to how they utilized resources that are 

uncommon and only temporarily present in a desert context. Gaining a better understanding of 

how prehistoric peoples used riverine resources, such as shellfish, in an otherwise arid landscape 

will help shed some light on general aspects of forager lifeways in this region.   

Freshwater shell has received little attention in previous investigations in the Mojave 

Sink and in the rest of the Mojave Desert, possibly due to its perceived lack of significance to 

existing archaeological assemblages or its lack of clear, cultural context when present in 

assemblages. A synthesis of archaeological research in the Mojave Desert completed by Mark 

Sutton in 1996 suggests that the majority of archaeological sites in the region that contain 

shellfish remains consist only of surface deposits. This is problematic for archaeological 

purposes because shell found on the surface lacks a clear, cultural context and could easily have 

been dispersed by aeolian processes. Deposits containing a significant amount of shell, such as 

unambiguous shell middens, are not mentioned in his synthesis at all. Drover (1979) mentions 

the significance of shell in the Mojave Sink based on the presence of several oven features 
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consisting of cemented shell and charcoal in two sites in the Eastern Cronese Basin, but he also 

suggests that shell was not important to prehistoric diets relative to other resources available in 

the region during lake periods, such as pond turtle and mesquite.  

The Cronese Basin is one of several lake basins in an area of the Mojave Desert 

sometimes referred to as the Mojave Sink. The Mojave Sink is a region within the Central 

Mojave Desert that contains the Cronese Basin, Afton Canyon, Soda Lake Playa, Silver Lake 

Playa, and the Mojave River Wash. The Cronese Basin, two connected lake basins in the Central 

Mojave Desert, would have provided an abundant water source and subsistence resources to 

peoples in the area.  

The Cronese Basin, located along Interstate 15 between Barstow and Las Vegas 

approximately 18 miles southwest of Baker, CA, has been an area of archaeological interest 

since the 1920s. The first investigations in the area recorded sites that showed signs of habitation 

and that included lower Colorado River and Southwest style ceramics and shell beads from the 

Pacific Coast of California (Rogers 1929, 1945). In the 1970s, Christopher Drover conducted 

excavations at two archaeological sites in the Cronese Basin, CA-SBR-259 and CA-SBR-260, 

and showed that the floral and faunal resources available for the people in the basin were 

uncommon for the region as a result of various lake stands that have occurred in the last 10,000 

years (Drover 1979).  

In the 1990s, a general investigation of the shellfish in the Cronese Basin was conducted 

with the goal of determining the general ecological requirements and longevity of the species 

(Schneider 1994). This study took samples from two small shell middens in the East Cronese 

Basin to determine how long a lakestand would need to be present for those specimens to grow 

to their current sizes. Outside of the Cronese Basin, Soda Playa is the nearest lake basin with 
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Figure I.1 – Map showing locations of Dry Lake Playas and Late Pleistocene Lakes in the Mojave Desert  
(Yehouda et al. 2003) 

 

archaeological deposits located within the Mojave Sink. Recent surveys of Soda Playa and 

excavations in a nearby rockshelter, note that freshwater shell is present, but the context is 

unclear (Roth and Warren 2008). The shell represented in the sample was recovered in such 

small amounts that the authors note it could be present in the sample solely due to aeolian forces. 

Based on the current anthropological literature for the region, the presence of shell remains and 

intact middens has been documented, but is only present in relatively few archaeological 

contexts.  

Archaeological investigations of prehistoric sites in this area of the Mojave Desert have 

yielded a diverse range of artifacts, including Olivella biplicata shell beads that originally came 
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from the California coast and Southwest and lower Colorado River ceramics that were 

transported west. Additionally, several turquoise mines near Halloran Springs, located 

approximately 20 miles to the east, were involved in a regional trade network between the 

eastern Mojave Desert and the Southwest (Kellogg 2010). These artifacts from other regions 

clearly show the presence of long-distance trade occurring in this region during California 

prehistory. Because of the available resources, especially water resources in a desert 

environment, and given its proximity to other sites in the region that were part of this trade 

network, it is likely that the Cronese was involved in this trade network.  

Previous work in this region has focused on isolated archaeological sites or clusters of 

sites near other dry lake beds, without interpreting them within a broader regional context (Arend 

and Roth 2015). The presence of a lake and its associated resources in the Cronese may have 

altered traditional patterns of seasonality and mobility, and understanding archaeological sites 

from lakestand periods such as this one will add to our understanding of seasonality and mobility 

in the broader Mojave Sink region.    

 Based on the geography and geology of the region, it is clear that at several points during 

prehistory, the Cronese Basin was filled with water from the Mojave River. The lake must have 

persisted for extended periods of time, because the large size of the freshwater mussel shells 

recovered indicate that they had several years, at minimum, to grow. The presence of such a vast 

area of water in an otherwise arid region would have significant impacts on prehistoric human 

behavior, specifically with regards to settlement patterns, mobility, and subsistence practices. 

Our current understanding of mobility and land use patterns of desert peoples in California is that 

people maintained a highly mobile existence, maintaining small group sizes and moving based 

on the availability of water sources, such as recharged springs or the Mojave River. Because 
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resources were sparse and spread out across a wide area, and with the ever-important need for 

water in deserts, being highly mobile was a necessity. Given our current understanding of 

mobility in the Mojave Desert, the presence of lakes in the Cronese Basin may have altered this 

high mobility. With an abundant water source and its associated subsistence resources available 

for an extended period of time, the people who utilized the Cronese may have been able to  

temporarily settle in the area as opposed to moving seasonally between the different recharged 

springs and other ephemeral water sources in the area.
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CHAPTER 1: THEORY 

 
 There are two main theoretical components to my discussion of the use of riverine and 

lacustrine resources in the Cronese Basin: cultural ecology and the regional pattern approach. 

The scope of my project is limited to evaluating the faunal remains from one archaeological site 

in the Cronese Basin with the goal of providing additional information that can be added to our 

understanding of prehistoric land use in the region. When attempting to understand prehistoric 

subsistence practices in this resource zone, understanding the cultural ecology of the area is 

essential. Keeping in mind that this lake basin is but one resource zone within a larger regional 

pattern for the people in the region is just as essential.  

 
Cultural Ecology 

 
The theoretical paradigm of cultural ecology is one of the pillars of my interpretation of 

the archaeological materials from CFS2017D. The concept of cultural ecology, first proposed by 

Julian Steward based on his work in the Great Basin, is that hunter-gatherer human behavior is 

heavily reliant on the environment, since that is the source of all of their subsistence potential. 

The environment impacts human behavior, and human behavior, in turn, impacts the 

environment. This creates an ever-continuing cycle of impacting and reacting to changes in the 

environment (Grayson and Cannon 1999). When attempting to understand subsistence culture, 

understanding cultural ecology has merit, since the available food resources in a given area are 

limited by environmental factors in the region. In the case of the CFS2017D, shellfish are 

available as a resource because the Cronese Lake existed. If there hadn’t been a standing lake in 

the Cronese Basin, the environment wouldn’t have supported shellfish growth, and humans 

wouldn’t have been able to gather them as a resource. Now, this is not to say that the 
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environment is the only determining factor in resource selection. It merely imposes limitations 

on what is available for humans to utilize.   

 For understanding subsistence, two common theoretical frameworks in use are optimal 

foraging theory and niche construction theory. Optimal foraging theory can be used to explain 

general trends in foraging behavior using proxy measures such as net rate of return and per unit 

foraging time in conjunction with diet breadth and prey choice. This theory offers that hunter-

gatherer behavior attempts to minimize effort by maximizing efficiency, minimize risk, 

maximize dietary diversity, and/or maximize use of resources with sustainable yields, such as 

acorn harvesting (Smith et al. 1983). Niche construction theory is an extension of cultural 

ecology, in that it suggests that through resource acquisition, humans affect change in their 

environment, which affects the resources available for humans to acquire. This, in turn, may then 

affect human behavior (Laland and O’Brien 2010). Niche construction explains the feedback that 

occurs between human behavior and their environment and how each act and react on each other. 

One of the main issues with using optimal foraging theory on its own is that it relies on 

the assumption that hunter-gatherers think and behave in optimal ways with regards to decision-

making and subsistence. There is no room for agency, personal choice, taste (when it comes to 

food), or other dietary requirements beyond caloric amount. Utilizing niche construction theory 

alongside optimal foraging theory provides a wider lens with which to view behaviors related to 

subsistence procurement in forager lifeways.  

 
Regional Pattern Approach 

 
 A regional pattern approach is a potentially useful framework for attempting to 

understand land use patterns of prehistoric hunter-gatherers in this region. This approach 

interprets archaeological sites in a region with a wider lens, since prehistoric groups in areas such 
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as the Central Mojave were highly mobile and relied on the various springs and lakes for sources 

of water. Instead of attempting to understand the behavioral implications from the archaeological 

collections of an isolated site, research into settlement behavior requires viewing all of the 

archaeological sites in the same regional and temporal context (Allen 2011, Thomas 2011, Arend 

and Roth 2015). A more traditional view is to use archaeological sites in isolation as the main 

unit of study in hunter-gatherer archaeology. This regional approach does make sense when you 

take into account that populations that are mobile do not restrict themselves to one settlement. 

Logically, it does not make sense to study archaeological sites in isolation if the people that 

occupy these sites move between different areas. Limiting our interpretation to isolated aspects 

of a broader whole will limit our understanding. Understanding hunter-gatherers that are highly 

mobile and occupy multiple resource areas of the same landscape requires a broader 

interpretation than the traditional view.  

This regional pattern approach is an especially valuable tool when applied to mobile 

groups that typically utilize multiple sites within their seasonal and yearly ranges and to 

understand the larger dynamics involved with long distance trade across landscapes. For 

example, this approach is beneficial to understanding the prehistoric settlement patterns of the 

San Francisco Bay area in Northern California. Different interpretations of settlement patterns 

for the region include a sedentary pattern as populations increased later in prehistory (King 

1974), regular settlement patterns with periodic movement unrelated to seasonal conditions 

(Banks and Orlins 1981), and mobile settlement patterns with periodic movement based on 

specific seasons (Bocek 1991). Depending on the perceived type of settlement pattern, the 

interpretations of individual sites could in the area could vary. Larger sites under a sedentary 

model could represent permanently occupied camps while larger sites under a mobile model 
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could represent areas where multiple groups of people merged or areas with more productive 

resources during specific seasons (Eerkens et al. 2013). Evaluating multiple archaeological sites 

from the same region and same time period generates information about behavior that would 

normally be beyond the scope of projects that interpret sites without utilizing other sites in the 

region. Of course, interpretations relating to larger regional patterns rely on there being existing 

data from the individual sites that compose the region.     

One of the recently suggested frameworks for understanding landscape usage in the 

Mojave Sink (Arend and Roth 2015) advocates for using this regional pattern approach. Given 

the aridity and broadly distributed resources in the area, it is likely that hunter-gatherers 

practiced seasonal rounds based on environmental conditions with camps placed in areas of 

reliable water. This regional model proposes that during periods of aridity, prehistoric foragers 

would practice a highly mobile settlement strategy based on available sources of water and 

associated subsistence resources. During periods of time with increased spring or lake recharge, 

prehistoric foragers would still choose site locations based on available water sources, but would 

reduce their mobility and increase their exploitation of the resources accompanying the 

temporary riparian and lacustrine environments. The Cronese Basin is an intermittently 

productive area of the Mojave Sink depending on water conditions, yet there has been little 

research conducted here for the past several decades. For the purposes of this thesis, my 

discussion of the use of lacustrine resources in a desert environment will add additional data for 

future projects relating to land use and resource acquisition patterns in the Mojave Sink.
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CHAPTER 2: METHODOLOGY 
 
 The data used for this thesis were obtained during one field season of an archaeology 

field school hosted by CSU Northridge under the instruction of myself and Dr. Matthew Des 

Lauriers. Although riverine faunal resources were recovered from several sites during this field 

school, the most substantial evidence of riverine resources was at CFS2017D (temporary 

designation). The presence of freshwater mussels at this site is of special importance because of 

the wealth of information they can provide regarding not only subsistence strategies but also 

local ecological conditions. Lastly, this chapter explains the methodology employed during the 

field season and subsequent laboratory analysis. 

 
Cronese Field School 2017 

 
In the summer of 2017, CSU Northridge hosted an archaeological field school in the 

eastern Cronese Basin of the Mojave Desert. This school consisted of myself, Dr. Matthew Des 

Lauriers, and thirteen undergraduate students. During the course of the field school, we surveyed 

and recorded 17 previously unrecorded archaeological sites, several of which included 

significant signs of habitation. The sites surveyed in 2017 were all along the dried lakeshore or 

river channels, signifying that these sites represent use of the area when water was present. 

While it may be possible that people occupied this region during periods when the lake wasn’t 

present, it is difficult to determine given the general lack of archaeological research in the region. 

Of these newly recorded sites, four were selected for intensive surface collections and 

excavation. For the purposes of this thesis, I will be focusing on the surface collections and 

excavations from one of these sites, temporary designation CFS2017D. For more information 

about the investigations at the other sites from CSUN’s 2017 field project, see the final project 

report. 
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Figure 2.1 – Map of recorded sites, surface artifacts, and excavation units from CSUN Cronese Field 

School 2017 
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CFS2017D is located in the sand dunes in the southern portion of the East Cronese Basin. 

At the time of the project, this area of dune was deflated, exposing the surface artifacts and 

features, including two shell middens. Due to dune deflation, portions of this site were exposed 

on the surface with areas in-between covered by sand. CFS2017D was recorded as four related 

loci, each of which contained exposed artifacts on the surface. CFS2017D has a variety of 

archaeological materials including dense lithic scatters containing local and imported stone, 

ceramic vessel sherds, and terrestrial and lacustrine faunal remains, including bighorn sheep, 

jackrabbit, desert tortoise, freshwater mussel, two taxa of freshwater snail, pond turtle, and tui 

chub. Surprisingly, intact shell middens and fish, previously unrecorded resources in this region, 

were found at CFS2017D. Five areas were chosen as sample areas for radial surface collections, 

three from locus 1 and two from locus 2, and one of the shell middens was selected as the area 

for excavation (Unit 1).  

 
Figure 2.2 – Site map of CFS2017D Locus 1 
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Figure 2.3 – Site map of CFS2017D Locus 2 

 
 

 
Figure 2.4 – Site map of CFS2017D Locus 3 
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Figure 2.5 – Site map of CFS2017D Locus 4 

 
Fieldwork and Data Collection 

 
After identifying CFS2017D during pedestrian survey, the site boundary was defined and 

the site area was intensively surveyed. Artifacts, concentrations of surface lithic debitage and 

faunal, and features were all marked. The data collection from this site consisted of surface 

collections and one controlled excavation unit (Unit 1), all of which had their provenience 

recorded using a total station. Additionally, five areas were chosen based on the concentration of 

cultural material visible on the surface as radial surface collections (RSCs). All of these radial 

surface collections used an arbitrary 2-meter radius to control for size. One surface level feature 

was identified, an area approximately 2 meters by 3 meters of densely concentrated Anodonta 

shells intermixed with other faunal material. This feature was chosen as the area for our 

controlled excavation unit, Unit 1.     
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The faunal material present in the assemblage includes bird, fish, freshwater mussel shell, 

freshwater snail shell, mammal, and reptile. The level of taxonomic identification varies 

depending on the material. The faunal material in the assemblage were sorted at a basic level at 

CSU Northridge and so the level of taxonomic identification varies depending on how accurately 

we could identify the material. The bird, mammal, and reptile remains were all identified and 

recorded to their Class. The fish were identified to the species level and are likely tui chub (Gila 

bicolor mohavensis). The freshwater mussel has been identified to the genus level (Anodonta).  

There are two types of freshwater snail present in the sample: small sinistral shells identified to 

the genus level (Physa) and a type of ramshorn snail identified to the family level (Planorbidae). 

Faunal material that was too fragmented to be easily identified was sorted into an indeterminate 

faunal category.  

In addition to the faunal analysis, artifacts recovered from the RSCs and excavation Unit 

1 were sorted by material and type and were then counted and weighed. In addition to faunal 

remains, the cultural materials recovered include groundstone, flaked stone debitage, and 

ceramic sherds. For the purposes of this project, I will only be discussing associated artifacts as 

they relate to the processing of faunal remains, specifically the potential uses of ceramic vessels 

as they relate to shellfish processing and storage.   

Previous research in the Cronese Basin has identified a variety of birds, including hawks, 

ducks, least bitterns, white pelicans, eared grebes, and sora rails; mammals, including mountain 

sheep, coyotes, dogs, kit foxes, desert wood rats, bobcats, black-tailed jackrabbits, desert 

cottontail rabbits, and antelope ground squirrels; and reptiles, including chuckwalla, pacific pond 

turtles, and desert tortoises (Drover 1979). As such, there is potential for future research using 
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this collection if the faunal assemblage were to be sorted and identified in more detail, especially 

with regard to identifying the difference between lacustrine and desert resources.    

The majority of the faunal from CFS2017D was obtained from the excavation of Unit 1, a 

shell midden located in a deflated area of sand dune. Because of the fragmented nature and sheer 

amount of Anodonta recovered from each level, the mussel shell was only weighed, not counted. 

Some of these Anodonta fragments are discolored as a result of heating, but I did not separate 

these out into their own category. Discoloration, calcination, increased brittleness, and 

fragmentation are common signs that shells have been heated (Waselkov 1987); however, 

previous ethnographic studies have shown that the period of time required to cook shellfish is 

short, and the number of cracked or burned shells that are left after this process are relatively few 

(Gifford 1939, Coutts 1970, Goodale 1971, Bailey 1977). Additionally, shellfish often have 

water trapped within their shells and when they are cooked, escaping moisture prevents the shell 

from being scorched. Pouring water over the shells to create steam while cooking would also 

prevent the shells from being visibly fire affected (Avery 1974). Cooking shellfish by boiling 

does not alter the appearance of the shell either (Reed 1962, Hester and Hill 1975). The presence 

of burned shell fragments in this assemblage does suggest that these mussels were being cooked, 

but creating categories of cooked versus uncooked mussels would be unreliable categories given 

that many cooked mussel shells show no physical signs of heating. Within the sample, there were 

58 Anodonta valves that were still intact enough to obtain metrics on shell length, height, and 

weight. The size metrics of the Anodonta and their significance will be discussed in Chapter 5. 

 
Freshwater Mussels 

 
Anodonta is a genus of freshwater mussels in the family Unionidae that live in areas of 

flowing water, such as the Mojave River. These animals typically live up to 10 years, and their 
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rates of growth are heavily dependent on the water conditions (rate of flow, salinity, and 

temperature) in their immediate environment (Isley 1914). The growth rate of Anodonta over  

 

 
Figure 2.6 – Photograph of Anodonta valve specimen from CFS2017D 

 

time is not linear; shell growth is rapid in the first four years of life and then slows dramatically, 

which causes difficulty in determining the age of older mussels (Harmon and Joy 1990). Some 

individual specimens have been recorded to live up to 40 or 50 years (Harmon and Joy 1990). 

Over time, their shells grow by absorbing elements from their immediate environment and using 

them to expand their shells, which leaves identifiable growth rings, similar to how trees have 

identifiable tree rings. These rings are continuously added as the mussels grow, with thicker 

rings being representative of periods of fast growth and thinner rings (arrested growth rings) 

being representative of periods of slow growth (Isley 1914). Decreased water flow, increased 

salinity, and fluctuations in water temperature are all factors that could lead to arrested growth 

rings. Because of the difficulty in determining the causal factors of growth rings in the absence 

of direct observation, counting mussel growth rings is not a reliable indicator for the age of the 

shell (Isley 1914; Cerreto 1988). Additionally, there are natural shell beds within the Cronese 

Basin along dried river channels. These natural beds are not associated with CFS2017D, but 
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were observed during the field school’s surveys in the basin. These natural beds contained 

Anodonta shells in their natural life positions, signifying that they were not harvested by humans. 

These shells likely died from a lack of water when the Mojave River resumed its natural 

direction and the Cronese Lake drained, although other causes such as changes water toxicity, 

salinity, or temperature may also be responsible. 

Freshwater mussels are of special importance to my discussion because they are a 

versatile riverine resource and their utilization in a desert context has implications on 

interpretations of subsistence practices in the area. Shellfish are a versatile subsistence resource 

in several ways. They require little energy to gather, which allows for them to be gathered by 

children or other members of a group that may not normally participate in resource procurement 

activities. They are available year-round, which can affect interpretations of seasonality for 

archaeological sites in the desert. They can be preserved through a variety of methods and can be 

cached for the future or even used as a trade good. The presence of this type of resource in large 

quantities make interpretations about hunter-gatherer subsistence practices much more 

complicated, not just for the immediate site location, but for the local region in which these sites 

are found. 

Studying the growth rates of freshwater shellfish can also provide valuable ecological 

information about the water conditions in which they grew. An estimation of lake stand duration 

can be created using the lengths of relatively intact mussel valves from the Cronese assemblage. 

A study of the growth rates of a related species of mussel, Anodonta imbecillis, was conducted 

from May 1984 to June 1987 in Mason County, West Virginia, and determined the rate at which 

these bivalve mollusks grow (Harmon and Joy 1990). Their study utilized a sample of 487 

individual mussels from five ponds at the McClintic Wildlife Station that were measured for 
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shell length over time. Based on annual growth data collected during this three-year period, a 10-

year predictive growth curve for the species was created. Their results indicate that shell growth 

“is rapid over the 1st four years; after the 4th year increases in shell length are slight” (Harmon 

and Joy 1990). Although this study utilized a different species of shellfish that what was found in 

the Cronese, it does predict growth rates of a species from the same genus. Unfortunately, there 

is not a sufficient ecological data base available for the species of Anodonta present in the 

Cronese to make extensive ecological inferences about the area when water was present 

(Schneider 1994). The data provided by Harmon and Joy are the closest data available for 

understanding the ecology and growth of Anodonta mussels.  
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CHAPTER 3: ENVIRONMENTAL AND CULTURAL CONTEXT 
 

Geographic Context 
 

This region of the Mojave Desert, sometimes referred to as the Mojave Sink, contains 

several closed and semi-closed basins, which, depending on climatic conditions, can become 

filled for extended periods of time (Enzel et al. 2003, Ore and Warren 1971). During the late 

Pleistocene, there were several large lakes in the Mojave Sink, including Harper Lake, Lake 

Manix, and Lake Mojave. During the middle Pleistocene, there may have possibly been a mega-

lake that covered the entire Mojave Sink region (Enzel et al. 2003). Coyote Lake and Troy Lake 

playas and the Afton basin were created as a result of the drying of Lake Manix after the 

Pleistocene/Holocene shift. Using geologic features, such as wave-cut cliffs, wave-cut beaches, 

and sediment stratigraphy, the last presence of Lake Mojave is estimated to have been from 

approximately 7,500 to 8,500 years before present (Ore and Warren 1971). The Afton basin 

contains Afton Canyon, which is the geologic feature that occasionally diverts the Mojave River 

and creates the conditions necessary to fill the Cronese Lake Basin. The Soda Lake and Silver 

Lake playas were created as a result of the drying of Lake Mojave as well (Enzel et al. 2003). 

These playas are a part of the larger regional land-use pattern of the Central Mojave, along with 

the Cronese Basin. The formation of the geographic landscape of the Mojave Sink into its 

present condition occurred prior to human occupation in the region. Current radiometric tests 

suggest that the earliest human occupation in the Mojave Sink began around 10,000 years before 

present (Ore and Warren 1971, Owen et al. 2007).  

 The Mojave River and Afton Canyon are two features that are of special significance in 

the formation of the Cronese Lake Basins (Thomas 2011, Arend and Roth 2015). As the Mojave 

River flows through Afton Canyon, its path is restricted and the flow of water picks up additional  
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Figure 3.1 – Map of Mojave Desert with the location of the Mojave Sink (Arend and Roth 2015) 

 
sediment as it moves through the canyon. When the Mojave River leaves the canyon, the 

sediment being carried is deposited just outside of the canyon forming alluvial fans. Sometimes, 

because of the deposition of the sediment, the path of the Mojave River changes directions and 

feeds into the Cronese Basin, forming the Cronese Lake. The presence of the Cronese Lake 

could have been one persistent lake from A.D. 760-1290 or A.D. 1090-1290 with possible 

previous periods of the lake being filled (Roth and Warren 2008).      
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Periodic flooding of the Cronese Basin during the Holocene has produced several 

substantial lakestands, periods of time where standing water was present to form a lake. These 

lakestands lasted for at least several years, long enough for freshwater mussels to reach 

maturation. For mussels to have reached the Cronese via the Mojave River, they must first be 

carried there from upstream during their glochidium stage, the stage in a mussel’s life cycle 

where fertilized mussel eggs attach to the gills of fish in order to travel downriver (Isley 1914). 

Radiocarbon dates taken from mussel shell along the Eastern Cronese Playa indicate that at least 

two significant lakestands occurred around 700-800 CE and 1200-1300 CE (Owen et al. 2007, 

Schneider 1994). Currently, we do not know the upper limit of how long these lakestands lasted. 

Based on the growth rate and size of the freshwater mussel (Harmond and Joy 1990) present in 

the assemblage from CFS2017D, the lakestands persisted for at least four years, but could have 

lasted for longer. These lakestands would have drastically altered the environment and available 

resources for the people in the Mojave Sink. Additionally, localized, heavy storms in the region 

can produce shallow lakes in the Cronese Basin, as has been documented several times in the late 

20th Century (Drover 1979), but these lakes do not persist long enough to support the riparian 

and lacustrine taxa observed in archaeological assemblages.    

 
Subsistence Resources 

 
The types of subsistence resources available in the Cronese Basin depends on whether or 

not the Mojave River has been diverted into the basin, filling the lakes. Archaeological sites 

located within the Cronese Basin contain subsistence resources from both desert and 

riverine/lacustrine ecosystems. At some of these sites, like CFS2017D, both ecosystems are 

represented in the same depositional context. This would suggest that when the site was occupied 

people were utilizing desert resources, such as desert tortoise, chuckwalla, jackrabbit and 



 
 

23 

cottontail, and lacustrine and riverine resources, such as pond turtle, fish, and mussel, during the 

same period of occupation. Since the filling of the lake basin would only affect the immediate 

environment and create a temporary lacustrine ecosystem, the surrounding areas would still 

possess the typical subsistence resources of the rest of the Mojave Desert. The people who 

occupied CFS2017D likely utilized both types of environments during the time that this site was 

formed.     

For a background on the available resources in the basin, I am using data obtained from 

Drover’s excavations at CA-SBR-259 and CA-SBR-260 in the East Cronese Basin. As 

mentioned in Chapter 2, the fauna assemblage from CFS2017D was identified to the Class level. 

Drover’s dissertation contains an in-depth discussion of the flora and fauna recovered from 

archaeological contexts and includes both desert and lacustrine resources identified to either the 

genus or species level. Given that the assemblage used for this project and Drover’s assemblages 

both come from the eastern Cronese Basin, his results are a useful indication for the level of 

ecological diversity I expect to observe from CFS2017D. 

 
Flora 
 
 Using soil samples taken from oven features in the Cronese, 15 taxa were identified: sea 

purslane, Cryptantha, stinkweed, saltbush, goldfields, desert sunflower, an unidentified 

Compositae, wart-cress, gourd, common tule, oak, crab grass, pinyon, cattail, and varvain. The 

majority of the plant food remains present in Drover’s assemblage represent seeds from annual 

plants (Drover 1979). The seasonal availability of these plants ranges from early spring to late 

fall, and none of the plants present in Drover’s samples are available during winter months in the 

region. Of the 15 taxa, Drover notes that some may be spurious intrusions and do not constitute a 

significant portion of his sample. These include Cryptantha seeds, wart-cress, crab grass, and 
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pinyon. Although this taxon is utilized by prehistoric peoples, the two fascicles recovered were 

not carbonized and may be the result of intrusion via the Mojave River (Drover 1979). One 

carbonized oak acorn fragment was recovered from the flotation sample at CA-SBR-259, and 

Drover suggests that its presence may represent trade of perishable food items in the Mojave 

Sink. The presence of cattail and tule are clearly indicative of lake stand conditions in the 

Cronese Basin. Although only two tule seeds were recovered, they were both carbonized and 

found within the soil sample taken from an oven feature.  

 
Fauna 
 
 Drover collected a sample of 6000 faunal specimens from surface collections at CA-

SBR-260A. He notes that larger species are likely favored in this sample due to the processes of 

wind erosion and dune deflation reducing the evidence of smaller animal bones (Drover 1979). 

The sample contains various bird, mammal, and reptile species, as well as several miscellaneous 

fauna including fire ants, freshwater mussel, and fish.  

Six taxa of birds were identified: hawks, ducks, least bitterns, white pelicans, eared 

grebes, and sora rails. Among the Mohave, hawks were not consumed as a food source, but their 

feathers were utilized (Drucker 1941). With the exception of hawks, the bird remains recovered 

from the Cronese are all species that are commonly found in association with riverine and 

lacustrine environments. Outside of the Cronese, the nearest sources of permanent water that 

would have sustained these bird species are Soda Springs and Afton Canyon, each approximately 

10 miles from the Cronese (Drover 1979). The white pelican, in particular, is interesting in this 

context because of its dietary reliance on fish (Langenwaler 1978a). The white pelican is a large 

bird that is commonly found along shorelines, islands, and lakes that are large enough to contain 
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fish. Drover notes that it is interesting to find a bird taxon that relies so heavily on fish in its diet 

and that there is a lack of fish in the rest of the faunal sample.  

 Eight taxa of mammals were identified: mountain sheep, coyote or dog, kit foxes, desert 

wood rats, bobcats, black-tailed jackrabbits, desert cottontail rabbits, and antelope ground 

squirrels. Among the mammals present in Drover’s sample from the Cronese, the black-tailed 

jackrabbit is the most represented faunal taxon and would have been used for its meat and its fur. 

The mountain sheep and Canidae specimens in this sample show fragmentation consistent with 

the extraction of bone marrow (Langenwalter 1978a). Additionally, the presence of mountain 

sheep skull, vertebrae, rib, upper limb, and lower limb fragments suggests that these animals 

were obtained locally and that most of the animal was brought to the site for processing (Drover 

1979). Mountain sheep could have been attracted to the water in the Cronese Basin during lake 

stand periods and would be opportunistic prey like many of the other taxa represented in 

Drover’s sample. Of these mammals, the desert wood rat could possibly be a later intrusion 

(Langenwalter 1978a), but these animals were utilized as a food source by the Cahuilla (Bean 

1972).  

 Three taxa of reptiles were identified: chuckwalla, pacific pond turtles, and desert 

tortoises. Chuckwalla are a common taxon in the area in both wet and dry periods and have been 

used by California groups as a food source. Both the Mohave and the Cahuilla used poles/hooked 

sticks to capture these reptiles, and the Cahuilla also clubbed them in traps and purposely burned 

areas to make it easier to collect them (Drucker 1941, Bean 1972). Among the Cahuilla, women 

and children were often collected by women and children when other resources were scarce 

(Bean 1972). Drover states that chuckwalla are the second most frequent species represented in 

his faunal assemblage. The Pacific pond turtle cannot survive in areas without regular and 
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frequent access to water, and can be found in the Mojave River. Their presence in Drover’s 

assemblage signals that the site containing these specimens were occupied during a lake stand 

period. In addition to a food resource, their shells were used as dance rattles and material for 

ornaments (Lagenwalter 1987b). Desert tortoise was the third most represented animal in 

Drover’s faunal sample. These animals are easily acquirable by hand without any tools.   

 
Regional Chronology  

 
The prehistoric chronology of the region is separated into five periods: the Lake Mojave 

period, the Pinto period, the Gypsum period, the Saratoga Springs period, and the Late 

Prehistoric period (Roth and Warren 2008). The locations and quantity of archaeological sites 

fluctuate between these different periods, and the archaeological assemblages appear to show 

reliance on different resources in different periods. Fluctuations in aridity appear to be a factor in 

determining these periods, as well as subsistence strategies and land use patterns in the Mojave 

Sink.   

Archaeological work on sites from the Lake Mojave period (10,000-6000 BCE) focused 

on sites along Pleistocene lake shores, including the Fort Irwin area and the Cronese Basin (Roth 

and Warren 2008). Investigations at archaeological sites from this period show that people 

reused areas where water was more abundant and that prehistoric land use in this area appears to 

have been impacted by variations in climatic conditions (Wells et al. 1989). 

Aridity in the region increased during the Pinto period (6000-2000 BCE) and resulted in 

the drying of the various lakes in the region that were present during the Pleistocene (Roth and 

Warren 2008). Archaeological sites from this period are located closer to springs, as opposed to 

sites from the Lake Mojave period, where sites are located along lake shores. Additionally, there 

is an increase in the amount of milling implements seen in Pinto period sites, possibly suggesting 
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a greater reliance on seeds by the people in the region (Basgall et al. 1988, Warren 1994). 

Overall, assemblages from sites from this period suggest increased mobility compared to the 

previous period (Roth and Warren 2008).  

During the Gypsum period (2000 BCE-500 CE), there was a decrease in aridity in the 

region. The increase in wetter conditions in the region, likely due to recharged springs and lake 

stands, is accompanied by an increase in the use of seeds, particularly mesquite, as well as an 

increase in the hunting of larger game in the region, such as bighorn sheep (Warren 1984).  

There is an increase in the number of archaeological sites dating to the Saratoga Springs 

period (500-1200 CE) relative to previous periods. The people in this area appear to have 

diversified their subsistence base to incorporate resources such as rabbits and tortoises, in 

addition to seeds, such as mesquite, seen in assemblages from earlier periods (Roth and Warren 

2008). Investigations in the Fort Irwin region, located to the northwest of the Cronese Basin, 

suggest that groups in the region had more patterned seasonal movement due to smaller annual 

ranges and a decrease in their reliance on large game (Basgall et al. 1988). Southwestern style 

pottery, possibly from the lower Colorado River and the Colorado Desert (Rogers 1945), appears 

in the Mojave Sink around this period, as well as shell beads and shell ornaments from the 

Pacific Coast (Rogers 1929). 

In the Late Prehistoric period (1200 CE-contact), there is a decrease in the aridity of some 

portions of the region due to lake recharge in areas such as Silver Lake Playa, Soda Lake Playa, 

and the Cronese Basin (Roth and Warren 2008). The material technology in this portion of the 

Mojave Sink includes brown and buff ware pottery, Cottonwood projectile points, and an 

increased use of local obsidian (Sutton 1989).  
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 After the end of the Late Prehistoric period, historic land use in the Mojave by European 

explorers and settlers consists of three major phases:  Spanish and American exploration (1776-

1863), mining and prospecting (1863-present), and homesteading and settlement (1880-present) 

(Drover 1979). During the phase of Spanish and American exploration, there were two major 

trails that were used connecting Los Angeles, CA to Santa Fe, NM: the Old Spanish Trail and the 

Mohave Road. While the Old Spanish Trail was established in the historic period, the Mohave 

Road was used prehistorically (Casebier 1975). Both of these trails pass near the Cronese Basin, 

the Old Spanish Trail 10 miles to the north and the Mohave Road five miles to the south (Drover 

1979). From the 1860s to the present, mining and prospecting has occurred in this region of the 

Mojave. Gold and silver were two commonly sought materials in the 19th and early 20th 

centuries, and mining continues to the present for other materials such as borax and sodium 

chloride (Casebier 1975). The homesteading and settlement of this region began around 1880 

and saw the rise of mining towns, farming communities, and railroad towns. The majority of 

these towns in the Mojave have relied on highways and railroads even into the present (Casebier 

1975).
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CHAPTER 4: DATA REPRESENTATION – FAUNA 
 
 The following sections contain the results of the faunal radial surface collections and 

excavation of Unit 1 from CFS2017D. As previously mentioned, the data collection from this 

site consisted of five radial surface collection (RSC) areas, chosen based on the high 

concentration of visible surface material and one controlled excavation unit placed on a shell 

midden feature (Unit 1). The area of each RSC was a 2-meter radius and the excavation unit was 

a 2x1 meter unit excavated using 10-centimeter arbitrary levels with 100% collection. A portion 

of the surface level of Unit 1 overlapped with RSC #1 and those data are represented separately 

to maintain the integrity of the RSC sample areas.   

 
Radial Surface Collections #1-5 

 

 
Figure 4.1 – Radial Surface Collection Faunal Data 

 

Radial Surface Collection #1: This collection area was located at the surface level of a shell 

midden that became the location for Unit 1. The faunal shell from this area was not collected as 

part of this RSC, but was instead recorded and collected as part of Unit 1 Level 1. However, the 
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other surface level faunal was collected and recorded as part of this RSC and not as part of Unit 

1, Level 1. This RSC contained one fish bone weighing 0.059g, two bird bone fragments 

weighing 0.625g, one mammal bone fragment weighting 0.049g, and 10 reptile bone and 

carapace fragments weighing 6.518g. 

 
Radial Surface Collection #2: This RSC contained three bird bone fragments weighing 0.052g, 

one mammal bone fragment weighing 0.146g, and one reptile carapace fragment weighing 

3.682g. 

Radial Surface Collection #3: This RSC contained two bird bone fragments weighing 0.28g, four 

mammal bone fragments weighing 1.663g, and 13 reptile bone and carapace fragments weighing 

3.105g. 

 
Radial Surface Collection #4: This RSC contained one bird bone fragment weighing 0.122g, one 

reptile bone fragment weighing 0.235g, and one Glycymeris shell fragment weighing 1.853g. 

Glycymeris is a genus of saltwater clams and are interesting to find in the Mojave in this context 

because they are marine shell native to the Gulf of California, located almost 300 miles to the 

south (Brand 1938). The presence of this material in the Cronese is direct evidence of trade or 

movement of peoples from outside of the Mojave Desert. 

 
Radial Surface Collection #5: This RSC contained two bird bone fragments weighing 0.364g and 

four reptile bone and carapace fragments weighing 3.995g.  

 
Unit 1 

 
Unit 1 is a 2 meter x 1 meter excavation unit placed over a portion of Feature 1, an intact 

shell midden. The unit was placed so that the west and south side walls would contain a profile 
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of the shell midden, and it is unclear how far the feature extends outside of the sample area for 

Unit 1. This unit was excavated using 10-centimeter arbitrary levels measured using a line level 

and datum string from the southwest corner of the unit, and excavation continued until one sterile 

10cm level was reached. Unit 1 reached a maximum depth of 50 cm below datum; Level 5 (40-

50 cm) was a sterile level. All material from this unit was dry screened through 1/8” mesh and a 

100% sample of material was collected. The soil from the surface to 30 cmbd was a loose, friable 

sand that had Munsell colors ranging from 10YR 6/2 (light brownish gray) to 10YR 7/4 (very 

pale brown). In Level 4 (30-40 cm), we encountered a stratum of hard, compacted clay that 

continued to the base of Level 5 (40-50 cm). Several disturbances were observed during 

excavation including roots evidence of burrowing mammals. 

 

 
Figure 4.2 – CFS2017D Unit 1 Anodonta by Weight 

 

In every level of this unit, Anodonta shell by weight composes the vast majority of the 

sample (Level 1 – 99.5%, Level 2 – 99.1%, Level 3 – 99.5%, Level 4 – 97.9%). Figures 4.3 – 4.6 

exclude Anodonta in order to allow the differences in the other materials to be more easily seen.  
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As mentioned above, RSC #1 contains faunal bone from the surface of this unit. The 

material recorded as part of RSC #1 was recorded separately from the rest of the material from 

Unit 1 Level 1 (0-10 cm) because it was recorded and collected before establishing the controlled 

excavation area of Unit 1.  

 
Surface: In addition to the faunal from RSC #1, seven artifacts were located on the surface 

within the sample area for Unit 1. These artifacts were six ceramic body sherds (Artifact # 8-11, 

13, and 14) and one granite hammerstone (Artifact #12).  

 
Level 1 (0-10 cm): This level contains the largest amount of freshwater mussel (4012.6 g) from 

the unit. While the quantity of faunal material in Level 1 appears to be significantly lower than 

that of Level 2, bear in mind that the surface faunal material of the unit is not included in this 

measurement because it was recorded and collected as part of RSC #1. In addition to the faunal 

remains, this level contained 21 ceramic sherds and five pieces of lithic debitage.  

 
Level 2 (10-20 cm): After Anodonta, the most represented faunal taxa is reptile (n = 192). This is 

a significant increase in the amount of reptile compared to any other level of the midden and the 

associated surface collection. Including RSC #1, there were 222 fragments of reptile bone or 

carapace in total collected from this feature. This level alone contains 86.5% of the total reptile 

from the unit. Six small fragments of charcoal were observed in this level. The presence of 

charcoal in addition to the burned Anodonta and other burned faunal clearly signify that this shell 

midden is the result of cultural activity and that the people in this area were utilizing cooked 

shellfish in their subsistence practices. In addition to the fauna, this level contained 33 ceramic 

sherds and 15 pieces of lithic debitage.  
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Figure 4.3 – CFS2017D Unit 1 Levels 1 – 4 by Count 

 
 
 
 
 
 

 
Figure 4.4 – CFS2017D Unit 1 Levels 1 – 4 by Weight 
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Level 3 (20-30 cm): There is a sharp decline in the amount of Anodonta (976.2 g) in this level 

compared to Level 1 (4012.6 g) and Level 2 (3827.9 g). Level 3 only has a quarter of the amount 

of shell seen in previous levels. Like Level 2, this level also contains charcoal. In addition to the 

fauna, this level contained 13 ceramic sherds and two pieces of lithic debitage. This level also 

contained a thin lens of darker, more compacted sand.   

 
Level 4 (30-40 cm): This is the last level from the unit that contains cultural material. The 

amount of Anodonta (217.2 g) is approximately one fifth of the amount seen in Level 3 and one 

twentieth of the amounts seen in Level 1 and Level 2. In addition to the fauna, this level 

contained two ceramic sherds and three pieces of lithic debitage. 
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Figure 4.5 – CFS2017D Unit 1 Faunal Totals by Count  

 
 
 
 
 
 

 
Figure 4.6 – CFS2017D Unit 1 Faunal Totals by Weight 
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CHAPTER 5: DISCUSSION 
 

Freshwater Mussels 
 
Ecology and Longevity  

 As part of my analysis, I measured the length, height, and weight of every complete 

Anodonta valve that was recovered from Unit 1 in order to estimate the duration of the lake stand 

associated with this site. Of the shell recovered from Unit 1, a total of 58 specimens were 

complete enough to provide these dimensions. Of these specimens, 32 came from Level 1 (0-10 

cm), 19 came from Level 2 (10-20 cm), and seven came from Level 3 (20-30 cm). None of the 

Anodonta from Level 4 (30-40 cm) were complete enough to obtain these measurements. From 

this sample of 58 valves, the statistical mean length is 49.77 mm, the maximum length is 63.5 

mm, and the minimum length is 35.5 mm [See Appendix B for complete data set]. Before 

Anodonta begin to grow their shells, they go through several stages in their early life cycles 

which take approximately two years to complete before entering the stage when shell growth 

begins (Isley 1914; Schneider 1994). Assuming that growth rates for the species of Anodonta 

present in the Cronese are similar to that of A. imbecillis, the lake stand associated with 

CSF2017D was likely present for at least four years; approximately two years accounts for the 

sizes of shells observed and another two years accounts for the reproductive, larval, and parasitic 

stages of the Anodonta lifecycle. With regard to the longest shell in my sample, a shell length of 

63.5 mm would require between two and three years of time to achieve its length in addition to 

the two years needed for earlier lifecycle phases. Of course, shell growth depends on a variety of  
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Figure 5.1 – “Length-age growth curve, with accompanying 90% prediction bands, derived from annual growth data 
for 81 Anodonta imbecillis individuals. Closed circles indicate one yr increments. Dashed line ‘a’ bisects upper and 
lower prediction limits to show possible age range (a') for an individual with a shell length of 75 mm. Dashed line 
‘b’ used in the same manner to show possible age range (b') for an individual with a shell length of 65 mm” 
(Harmon and Joy 1990) 
 

factors including water flow, salinity, oxygen levels in the water, bacterial growth, and 

fluctuations in water temperature. These estimations of lake stand duration taken from the valves 

present at CFS2017D provide an idea of how long the riverine and lacustrine resources in the 

Cronese would have been available for people in the area. The lakestand in the Cronese 

associated with CFS2017D likely lasted for at least four years, a substantial amount of time for 

highly mobile hunter-gatherer groups that practice seasonal rounds to take advantage of available 

water in an otherwise arid environment.  

 A similar analysis of Anodonta shells from midden areas in the East Cronese Basin was 

conducted in the 1990s in order to gather information regarding ecological conditions of 

previous lakestands and the longevity required of a water source in the area for shellfish to grow 
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to their observed sizes (Schneider 1994). For Schneider’s analysis, a sample of 22 Anodonta 

shells were taken from two midden areas composed of valves and charcoal along the eastern 

shoreline of the East Cronese Basin and they were measured using two different measurement 

methods in order to determine the longevity of the water source that allowed them to grow. The 

mean length of 20 of the 22 valves in Schneider’s sample was 71.6 mm. Based on these results, 

Schneider concluded that these specimens would have had an area of standing water between one 

to two meters in depth, a lack of rooted plants in the water, at least one type of host animal for 

transportation, and well oxygenated water with sufficient nutrients (1994). The results suggest 

that the ecological conditions at this lakestand were productive for shellfish growth and did not 

suffer from common issues seen at other lake basins in the Mojave Sink such as lack of 

oxygenation, high salinity, and bacterial overload. Based on the lifecycle of Anodonta and the 

sizes observed in the sample, Schneider estimates that the lakestand that allowed for these 

specimens lasted a minimum of 12 years. This takes into account the amount of time required for 

the valves to reach the observed lengths, approximately 10 years, and the amount of time 

required for the reproductive, larval, and parasitic stages of the Anodonta lifecycle, 

approximately two years.  

 The measurements of Anodonta valve growth from CFS2017D differ from the 

measurements obtained by Schneider. The statistical mean of the 58 specimens from CFS2017D 

was 49.77 mm, much lower than the mean of 71.6 mm observed in Schneider’s sample. 

Additionally, the largest specimen present in my sample has a length of 63.5 mm, which is 8.1 

mm shorter than Schneider’s sample mean. This difference in shell length between the two 

samples and our corresponding estimates of lakestand duration could have several explanations. 

Without additional metrics dating the ages of the shells in each sample, it is unknown whether 
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the valves from Schneider’s sample lived during the same lakestand as the valves from my 

sample. It could be that Schneider’s sample and my sample represent two different lakestands 

that had different ecological conditions and durations. Schneider specified that specimens for her 

sample were chosen with a direction towards “larger, relatively-intact specimens” (1994), 

whereas my sample contains all of the intact valves from the 100% collection sample of shell 

from Unit 1. As mentioned previously, the vast majority of the Anodonta recovered from Unit 1 

was highly fragmented and the majority of the specimens (n=51) came from the upper levels of 

the midden. The lower levels of Unit 1 were much more fragmented than the levels closer to the 

exposed surface. The difference between contexts, surface collection versus screened excavation, 

may have an impact. Lastly, the difference in sample size may have an effect on the results; 

Schneider’s sample contains 22 valves while my sample contains 58 valves. Although there is a 

clear difference in the metrics between these two samples and the interpretations that can be 

drawn from them regarding lakestand longevity, the results from CFS2017D do not contradict 

Schneider’s results. Inferences about lakestand longevity from Schneider’s sample and the 

sample taken from CFS2017D both show that there was standing water present in the Cronese 

Basin for extended periods of time that would have supported the growth of various freshwater 

taxa and likely served as a source of fresh drinking water for the peoples who utilized the region.    

 
As Subsistence Resources  
 

 The presence of Anodonta in the quantities observed at CFS2017D clearly 

indicate its use in the Cronese Basin. Most of the shell from Unit 1 was highly fragmented, so 

determining a minimum number of individuals would be difficult. In order to obtain a rough 

estimate of the number of individuals present in the excavated portion of midden, the total 

weight of the fragmented shell could be divided by the average weight of the complete valves 
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recorded from Unit 1. The total weight of shell collected from the unit is 9034.434 grams. Of the 

58 complete valves that were measured and weighed from Unit 1, they have an average weight 

of 1.63 grams per valve (3.26 grams per complete shell, without meat). This would give a rough 

estimate of approximately 2,770 mussels.    

Anodonta remains are present in the vast majority of sites surrounding the East and West 

Cronese Basins and show that this resource was substantially utilized prehistorically (Drover 

1979). One of the features found at CA-SBR-259 is a single oven feature measuring 25 feet in 

diameter and six inches in depth, consisting of cemented shell, thermal affected rock, and 

charcoal. Drover states that while mussels are frequent at sites in the Cronese and that large oven 

features like those at SBR-259 may signify the importance of freshwater mussel, their numbers 

may not be an accurate representation of dietary significance (1979). Similar sized freshwater 

mussels, such as muckets (Actinonaias cartinata), can provide on average about 45 grams of 

edible meat per individual (Parmalee and Klippel 1974). According to Parmalee and Klippel, 

“between 57,000 and 67,000 muckets would be required per month to feed a band of 25 

individuals” (1974). However, given the wide range of diversity of subsistence resources 

available in the Cronese, it is unlikely that people in this area would rely solely on one type of 

resource. Mussels are not labor intensive to gather and can be harvested by hand or with simple 

tools; in many subsistence societies women and children are the principal shellfish gatherers 

(Waselkov 1987). Mussels are also present year-round, which can make them a useful resource 

to target during winter months when other resources are more scarce. The use of oven features 

seen at SBR-259 allows for vast quantities of mussels to be cooked at once, and as stated in 

Chapter 4, the amount of time required to cook mussels is brief. While they may not contribute 

much to diet when using an optimal foraging assessment, mussels come with many additional 
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benefits that can be inferred when their shells are found in archaeological assemblages along 

with ceramic artifacts. 

 
Freshwater Snail 

 
Previous subsistence research in the Cronese Basin makes no mention of gastropods. 

Drover’s research in the Cronese Basin notes all of the taxa recovered from two sites in the 

Cronese and specifies those which may be intrusions and aren’t representative of subsistence 

practices, but there were no snail remains in his samples. As you can see in the faunal 

assemblage from Unit 1, there are at least two taxa of freshwater snail represented, physa and 

ramshorn. These snails are small and wouldn’t contribute much as a nutritional resource. It is 

possible that the snail shells recovered from Unit 1 are there because they were unintentionally 

collected when the Anodonta was being harvested and discarded in the same midden. Although 

they may be labor intensive to consume compared to their relatively small nutritional payoff, 

snails have been and still continue to be used as a food source in many regions and cultures 

(Waselkov 1987). 

  Gastropods, such as physa and ramshorn, have been used as a food source in various 

places around the world including coastal California (Waselkov 1987), so their use in the 

Cronese is not without possibility. Most snails retreat into a spiral within their shells and can seal 

the opening. Application of heat can relax the seal and make it easier to extract the meat using a 

pointed object (Warner 1937, Kay 1949). Coastal Californian groups would roast snails and 

break open the shells near the apex to remove the meat (Boas 1921, Kroeber and Barrett 1960). 

While the physa and ramshorn snail may not have been a staple of the food resources present in 

the Cronese, they may have been opportunistically collected and consumed when they were 

encountered during harvesting of freshwater mussel.  
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Fish 

 
 As mentioned previously, Anodonta require other species, such as the Mohave tui chub, 

to transport their eggs to other regions. The presence of Anodonta in the Cronese, as well as bird 

species like the white pelican that rely on fish as their main food source, would show that at one 

time the Cronese Lake contained fish. While Drover did encounter fish in his faunal sample from 

CA-SBR-259 and CA-SBR-260, the quantity was so low that Drover states: 

 
In a faunal sample of more than 6000 specimens, the only fish remains 
are Gila Bicolar Mohavensis. Fishing has been reported in the Cronise 
Lakes during historic floods in the 1930s by a resident of Barstow and 
the author has observed catfish in East Cronise Lake resulting from the 
floods of spring, 1978. Since the presence of fish is both predictable and 
implied by succession of A. dejecta, their scarcity in the faunal record 
must result from cultural or biological factors (1979). 

 

One suggestion that Drover offers for the lack of fish in his sample is a cultural factor 

regarding attitudes towards fish in the diets of the Chemehuevi and the Mohave peoples. 

According to one ethnography, the “Chemehuevis were revolted by the place that fish held in the 

Mohave diet, and the Mohaves were equally disgusted by ‘lizard eaters’” (Laird 1976). Drover 

goes on to note that one of the two sites he samples from the Cronese has “numerous chuckwalla 

specimens but lacks fish remains” (1979). The faunal data obtained from CFS2017D contain 

both reptile and fish remains. Based on the ethnographic information relating to food 

preferences, the presence of reptile and fish at CFS2017D could suggest that the people utilizing 

the area during the associated lake stand were neither Chemehuevi nor Mohave.   

Drover states that there are many reasons to explain why people were not exploiting fish 

in the Cronese. After providing the same cultural example above regarding Chemehuevi and 

Mohave attitudes towards fish as a source of food, he goes on to state: 
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The scarcity of fish in the record is more likely to be the result of the 
degree of salinity or eutrophication of the lake. Depending on the 
availability of other foods, length of occupation, and exploitive strategy 
of the group in question, fish may simply not have been taken even if 
present (1979).   

 

The presence of fish bones in a midden context, some of which were burned, in the sample 

collected from Unit 1 suggests that fish were utilized as a subsistence resource along with 

reptiles in at least this one instance. Fish did not constitute a major component of the faunal 

assemblage; only 15 specimens of fish were recovered from Unit 1 out of 515 specimens, 

Anodonta excluded. Based on the size of the fish bones present in the sample from Unit 1, it is 

possible that fish are underrepresented in the sample due to sampling bias with the screen size we 

used during excavation. We used 1/8” screen mesh to screen all materials recovered from Unit 1. 

The first few specimens we observed during excavation were not caught by the screen mesh, but 

were fortuitously caught in the convex side of a mussel shell within the screen. Unfortunately, 

we did not have a 1/16” screen with us during the field school. Fish remains are possibly 

underrepresented in this sample due to this. Future excavations in the Cronese may benefit from 

using smaller screen mesh in order to gain a better understanding of the role and importance, or 

lack thereof, of fish in the region.  

 
Associated Artifacts 

 
Ceramics 
 
 A total of 75 ceramic sherds were recovered during excavation of the shell midden at 

Unit 1. Since ceramic vessels are difficult to transport prehistorically due to their weight and 

fragile nature, their presence at this site indicate that habitation was for a longer duration of time 

than what would be expected for highly mobile hunter-gatherers. The sherds present at this site 
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found in association with the faunal remains provide additional information about the subsistence 

activities and the level of habitation that occurred in the Cronese Basin. 

Boiling using ceramic vessels is a common method for prehistoric shellfish cooking 

(Waselkov 1987), which may account for the presence of the large quantity of ceramic sherds in 

Unit 1. Drover described several oven features of cemented shell and charcoal in the Cronese and 

suggested that these features were used for cooking large quantities of shellfish by steaming 

them over layers of local vegetative material, possible tule reed (Drover 1979, Schneider 1994). 

Since freshwater mussels such as Anodonta cook so quickly that their shells remain unburned, 

determining the method of cooking using the archaeological remains is challenging. Differences 

in cultural behaviors towards cooking mussels may also be a factor, considering that several 

different groups occupied this area of the Mojave from the Lake Mojave Period to the Late 

Prehistoric Period. The oven features that were described by Drover were not observed at 

CFS2017D. Due to the nature of the deflated portion of sand dune exposing a portion of the site, 

these features may be present. Cooking activities could have occurred at other portions of the site 

or within the basin that are so far uninvestigated. However, given the data available, it is likely 

that cooking activities at CFS2017D consisted of boiling shellfish using ceramic vessels.       

Mussel meat can be preserved for later use through drying or smoking, and preserved 

mussel meat can be stored for the future using ceramic vessels. Pomo groups would sun dry 

mussels to preserve them, and eastern North American groups would smoke oysters and clams as 

a method of preservation (Waselkov 1987). Dried mussels could be stored in ceramic jars or 

baskets for winter months, and could be rehydrated and boiled when needed (Gifford 1939, 

Kroeber and Barrett 1960, Waselkov 1987). It is possible that the ceramic sherds found at 
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CFS2017D and at other sites in the Cronese may be from ceramic vessels that would have been 

used for the storage of preserved mussels.  

In addition to preserving mussels for storage in preparation of resource-scarce months, 

dried and smoked mussels could be used as a trade item. Some coastal groups in California, such 

as the Pomo and Yuki, would take dried mussels with them when they traveled inland (Gifford 

1939, Stewart 1943). Given the heavy and fragile nature of ceramic vessels, it is unlikely that 

prehistoric groups were using ceramic vessels to store preserved mussel meat for trade purposes. 

The Hohokam of central and southern Arizona would use shellfish meat and decorative items 

made from shell as trade objects. Due to the brittle nature of Anodonta shell, the shell itself is 

difficult to use for decorative items, but the Hohokam have been known to utilize Anodonta to 

produce small quantities of shell artifacts. However, their primary use of Anodonta was as a 

supplemental food source (Haury 1976, McGuire and Howard 1987).  

The presence of Anodonta at sites in the Cronese are indicative of its use as a subsistence 

resource. However, the sites that show evidence of processing do not necessarily show the 

amount of food consumed there. Mussels are a versatile resource for hunter-gatherer groups that 

could have been consumed when processed, but could also have been preserved for later use or 

used as trade items. The presence of ceramic artifacts suggests that the people who occupied the 

Cronese were there for extended periods of time, either for habitation purposes or for preparing 

and caching mussels for future use.   

 
Glycymeris Shell Bracelets 
 

One fragment of Gylcymeris shell was recovered from Radial Surface Collection #4. 

Glycymeris is a marine shell native to the Gulf of California, located almost 300 miles to the 

south (Brand 1938). Bracelets, ear rings, and finger rings made from this shell are a common 



 
 

46 

artifact type at Hohokam sites in southern Arizona and at Pueblo sites in Arizona and New 

Mexico (Woodward 1936). Finding a fragment of this type of shell in the Cronese is direct 

evidence of trade or population movement from the Southwest into this part of California.  

 Aside from the movement of Glycymeris shell bracelets, an east-west trade network 

through the Mojave desert occurred evidenced by the movement of Olivella biplicata shell beads 

from the California coast being found at nearby sites in the Mojave Sink and in other parts of the 

Cronese Basin and from turquoise mined from the nearby mines at Halloran Springs (Kellogg 

2010). Although there were no Olivella beads found at CFS2017D, several beads were recovered 

from other sites recorded during the 2017 Cronese Field School. The presence of an east-west 

trade network connecting California and Southwestern groups has been previously established, 

but the presence of the Glycymeris bracelet fragment at CFS2017D shows that the Cronese Basin 

was at one time part of this network.   

The trade of items such as Glycymeris shell bracelets may represent more than economic 

relationships, but also social relationships. McGuire and Howard suggest that a possible use of 

Glycymeris bracelets among the Hohokam was to link elites and dependents within regions, 

mechanisms of which could include marriage exchanges, transfers at rites of passage, ritual 

exchanges, and payment of social fines or depts (1987). The presence of a Glycymeris artifact  

in the Cronese Basin shows that there was at least some level of contact between Southwest 

groups and the Cronese Basin.   

 
Site Interpretation 

 
 While there is still more research to be done with the archaeological collections from the 

CSUN Cronese Field School, a picture of the activities at CFS2017D is beginning to take shape. 

The quantity and diversity of faunal taxa, including freshwater shellfish, freshwater snail, 
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waterfowl, terrestrial and riverine reptiles, and fish, along with flaked stone debitage and ceramic 

vessel sherds suggests that this site was used for the procurement and processing of subsistence 

resources. Lithic tool reduction and ceramic vessel production may also have occurred at or near 

this site. Based on the amount of growth of a sample of mussel valves from Unit 1, the lakestand 

associated with this site was present with drinkable fresh water for at least four years. This water 

source and the fauna attracted by it would be an attractive resource area for hunter-gatherers. 

CFS2017D was likely a seasonal or possibly longer habitation site that had the potential for 

subsistence resource procurement, processing, and storage. The presence of the glycymeris 

bracelet fragment may also suggest that this site was used as part of a trade network between the 

Mojave Sink and peoples from the Southwest. Additional research may be able to provide more 

information regarding seasonality and occupation history of this site. This, along with research 

on other sites in the basin would begin to form an idea of the pattern of subsistence activities for 

this region. 

 CFS2017D is located within 10 miles of two trade routes: the Old Spanish Trail and the 

Mohave Road (Casebier 1975). The Old Spanish Trail, a historic trade route that stretched from 

Los Angeles, California to near Santa Fe, New Mexico, and the Mohave Road, a prehistoric 

trade route that stretched between southern California and the Colorado River, both relied on 

reliable access to water, and the geographic proximity of the Cronese Basin to both of these 

routes suggest that sites in the basin could have been a part of either or both of these trade routes. 

The presence of a freshwater lake and its associated floral and faunal resources would have been 

an ideal temporary resting location along desert trade routes. Although standing water in the 

Cronese was only available intermittently throughout the Holocene, evidence obtained from the 

freshwater shellfish show that the lakes would persist for several years when they were present. 
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During these periods of time, it is possible that CFS2017D was a short-term occupation site 

where people would utilize the freshwater resources as they traveled using these trade routes.    
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CONCLUSION 

 Today, the Cronese Basin remains an understudied area of California prehistory and 

contains the potential for many future research projects, specifically relating to land use, 

subsistence, and long-distance trade. From the early part of the 20th century, from the initial 

investigations of Malcom Rogers, to the 1970s, with Christopher Drover’s doctoral research, the 

Cronese Basin was regularly investigated along with the surrounding lake basins of the Central 

Mojave. Unfortunately, research interests in this region have declined in the past several decades, 

especially considering the new techniques and methods available to us today that could provide 

even more information about this unique region. This region in California contains clear 

evidence of long-distance trade connecting the California coast, evidenced by Olivella shell 

beads, with cultures from the Great Basin and the Southwest, evidenced by ceramics, corn cob 

fragments, woven fabrics, and Glycymeris shell bracelets. Its proximity to two known trade 

routes, the Mohave Road and the Old Spanish Trail, further reinforces the connection of the 

Cronese to these various regions. This area has produced a wide diversity of artifact types and 

floral and faunal remains from multiple ecosystems that makes it a truly interesting area of study.    

 CFS2017D was likely a habitation site along one of the two known trade routes that 

passed through this section of the Mojave Desert, as evidenced by the quantity of faunal remains 

and the diversity of artifact types found at the site. The faunal remains from CFS2017D provide 

an interesting picture of the subsistence behaviors of the people who occupied the Cronese 

Basin. The radial surface collections show evidence of various birds, mammals, and reptiles 

being utilized, as well as at least one species of fish, and Unit 1 shows that shellfish was clearly 

being targeted and harvested as a subsistence resource. The faunal taxa assemblage exhibits a 
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mix of high desert, lacustrine, and riverine ecosystems that all converged in this relatively small 

area.  

The presence of associated ceramic artifacts suggests that this site was not a short-term 

occupation, given that ceramic vessels are much heavier and more fragile than other more mobile 

containers, such as baskets, available to people in this region. The presence of ceramics at this 

site suggests that the people who occupied this area were either here for extended periods of time 

or practiced caching of resources for future return occupations. The Anodonta growth metrics 

taken from Unit 1 suggest that a lake was present with relatively clean drinking water for at least 

four years. Preserved mussel meat and freshwater from the Cronese Lakes are both resources that 

would have benefited from ceramic vessels.    

 The shellfish midden and the remains of fish at CFS2017D are of special significance to 

research interests in the Mojave Sink because they represent high quality subsistence resources 

in a normally marginally productive environment and because they have yet to enter the 

literature for the region. The presence of freshwater mussel shell in the Mojave Sink is well 

documented, but CFS2017D differs from previous investigations in that the shell here was 

observed in a clear midden context as opposed to exfoliated shell fragments scattered by aeolian 

forces. Shellfish middens contain a wealth of information relating to site formation, subsistence, 

and even seasonality. Because of this, the Cronese Basin contains the potential to yield additional 

information important to our understanding of prehistory in the region. The presence of fish 

recovered from a midden context at CFS2017D suggests that the people in the Cronese had 

access to them as a resource. Given the lifecycle of Anodonta and that it requires other species, 

such as fish, for transportation, the few fish specimens we obtained are likely representative of 

an under recorded resource in the region. Previous research conducted in the Cronese has 
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mentioned fish, but hasn’t considered it as a significant resource for the people utilizing the area. 

Applying the more specialized archaeological techniques that have been developed over the past 

several decades, especially those developed along coastal regions for researching faunal shell 

and fish remains, to the Cronese Basin is likely to produce new information and new potential 

for different research strategies in desert archaeology. The presence of an undisturbed midden 

containing shellfish and fish remains is a significant component of CFS2017D. 

There are still many avenues to explore for future research in the Cronese Basin. Using 

the collections recovered from the 2017 field school, there are many more analyses that could 

provide additional information about the subsistence practices and movement patterns of the 

people who occupied the site. There is a wealth of information that can be obtained through more 

detailed faunal analysis of the vast varieties of taxa recovered from CFS2017D. Identifying the 

materials down to the species level will provide more information about the ecology of the basin 

during lake stand periods. In particular, being able to differentiate pond turtle from desert tortoise 

in the sample would help refine our understanding of resource acquisition strategies in the 

Mojave Sink during lake stand periods. As seen in the faunal assemblage, reptile remains were a 

sizeable component of both the radial surface collections and the excavation of Unit 1. Stable 

isotope analyses on these remains, as well as the copious amounts of freshwater shellfish, would 

provide more detail on subsistence acquisition practices as well as seasonality. With regard to 

seasonality, freshwater shellfish are particularly suited to providing information through stable 

oxygen and carbon isotope analysis. This information could inform us on when during the year 

people were harvesting shellfish and whether they were a targeted resource during specific 

seasons or harvested year-round. This information about shellfish harvesting practices would 

allow us to infer movement and settlement patterns on a seasonal basis.  
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The presence of fish in a midden context in the Cronese is something that, to the best of 

my knowledge, has only been observed during the 2017 field school. As mentioned above, this 

may be due to sampling issues in the field relating to screen mesh size and the size of the fish 

remains. The few fish bones we recovered from the screens at CFS2017D were due more to luck 

than sampling strategy; bones were precariously caught in the mesh based solely on the angle of 

the bones or were caught on the interior of upturned mussel shells in the screen and we collected 

by the students before the soil was sifted. Future research in the Cronese would likely benefit 

from using small mesh screens when excavating midden contexts. The presence of fish in the 

assemblages in the Cronese to date are incredibly rare and are possibly underrepresented due to 

collection strategies. Future research in the Cronese using 1/16” mesh screens would help 

determine if the presence of fish in Cronese assemblages has been previously underrepresented 

or not. 

In conclusion, the Cronese Basin is an area with a wealth of research potential for 

understanding hunter-gatherer lifeways in the Mojave Sink, the interaction of smaller 

archaeological sites as they relate to larger land use patterns in the region, and the connection 

between the peoples of this region as they relate to trade networks connecting the Southern 

California coast and the American Southwest.  
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APPENDIX A: Unit 1 Data 
 

Site Unit Level Depth (cm) Material Type Count (n) Weight (g) 
CFS2017D 1 1 0-10 cm Anodonta NA 4012.65 
CFS2017D 1 1 0-10 cm Snail, physa 16 0.473 
CFS2017D 1 1 0-10 cm Snail, ramshorn 9 1.099 
CFS2017D 1 1 0-10 cm Ceramic 21 10.878 
CFS2017D 1 1 0-10 cm Debitage 5 0.205 
CFS2017D 1 1 0-10 cm Bone, fish 7 0.064 
CFS2017D 1 1 0-10 cm Bone, bird 5 0.167 
CFS2017D 1 1 0-10 cm Bone, mammal 35 1.832 
CFS2017D 1 1 0-10 cm Bone, reptile 8 3.587 
CFS2017D 1 1 0-10 cm Bone, indeterminate 8 0.221 
CFS2017D 1 2 10-20 cm Anodonta NA 3827.87 
CFS2017D 1 2 10-20 cm Snail, physa 10 0.432 
CFS2017D 1 2 10-20 cm Snail, ramshorn 8 0.522 
CFS2017D 1 2 10-20 cm Ceramic 33 3.842 
CFS2017D 1 2 10-20 cm Debitage 15 1.149 
CFS2017D 1 2 10-20 cm Charcoal 6 0.016 
CFS2017D 1 2 10-20 cm Bone, fish 7 0.069 
CFS2017D 1 2 10-20 cm Bone, bird 20 0.706 
CFS2017D 1 2 10-20 cm Bone, mammal 31 0.891 
CFS2017D 1 2 10-20 cm Bone, reptile 192 26.29 
CFS2017D 1 2 10-20 cm Bone, indeterminate 4 0.099 
CFS2017D 1 3 20-30 cm Anodonta NA 976.717 
CFS2017D 1 3 20-30 cm Snail, physa 30 0.57 
CFS2017D 1 3 20-30 cm Snail, ramshorn 13 0.664 
CFS2017D 1 3 20-30 cm Ceramic 13 2.467 
CFS2017D 1 3 20-30 cm Debitage 2 0.204 
CFS2017D 1 3 20-30 cm Charcoal 54 0.099 
CFS2017D 1 3 20-30 cm Bone, fish 1 0.011 
CFS2017D 1 3 20-30 cm Bone, bird 10 0.11 
CFS2017D 1 3 20-30 cm Bone, mammal 42 0.802 
CFS2017D 1 3 20-30 cm Bone, reptile 5 0.152 
CFS2017D 1 4 30-40 cm Anodonta NA 217.2 
CFS2017D 1 4 30-40 cm Snail, physa 13 0.227 
CFS2017D 1 4 30-40 cm Snail, ramshorn 5 0.842 
CFS2017D 1 4 30-40 cm Ceramic 2 0.057 
CFS2017D 1 4 30-40 cm Debitage 3 0.245 
CFS2017D 1 4 30-40 cm Bone, bird 8 0.177 
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Site Unit Level Depth Material Count (n) Weight (g) 
CFS2017D 1 4 30-40 cm Bone, mammal 11 0.256 
CFS2017D 1 4 30-40 cm Bone, reptile 17 2.866 
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APPENDIX B: Unit 1 Anodonta Growth Metrics 
 

Site Unit Level Length (mm) Height (mm) Weight (g) 
CFS 2017D 1 1 (0-10 cm) 41.9 32.3 1.38 
CFS 2017D 1 1 (0-10 cm) 35.5 33.2 1.75 
CFS 2017D 1 1 (0-10 cm) 46.7 32.3 1.31 
CFS 2017D 1 1 (0-10 cm) 43 30.9 1.3 
CFS 2017D 1 1 (0-10 cm) 48.1 36.9 1.54 
CFS 2017D 1 1 (0-10 cm) 42.5 34.1 1.4 
CFS 2017D 1 1 (0-10 cm) 53.5 34.5 2.06 
CFS 2017D 1 1 (0-10 cm) 45.3 34.1 1.43 
CFS 2017D 1 1 (0-10 cm) 60.6 36.8 2.26 
CFS 2017D 1 1 (0-10 cm) 55.3 32.9 1.46 
CFS 2017D 1 1 (0-10 cm) 41.7 35.3 1.4 
CFS 2017D 1 1 (0-10 cm) 48.3 33.2 1.68 
CFS 2017D 1 1 (0-10 cm) 43.9 43.2 1.17 
CFS 2017D 1 1 (0-10 cm) 49.1 35.5 1.36 
CFS 2017D 1 1 (0-10 cm) 47 38.5 1.6 
CFS 2017D 1 1 (0-10 cm) 51.7 42.1 1.94 
CFS 2017D 1 1 (0-10 cm) 57 44.8 2.26 
CFS 2017D 1 1 (0-10 cm) 43.3 43.1 1.53 
CFS 2017D 1 1 (0-10 cm) 56.9 44.5 1.93 
CFS 2017D 1 1 (0-10 cm) 57.1 46.2 1.61 
CFS 2017D 1 1 (0-10 cm) 42.2 35.9 1.17 
CFS 2017D 1 1 (0-10 cm) 42 36.1 1.37 
CFS 2017D 1 1 (0-10 cm) 44 39.1 1.79 
CFS 2017D 1 1 (0-10 cm) 50.8 42.6 1.67 
CFS 2017D 1 1 (0-10 cm) 48.9 44 1.65 
CFS 2017D 1 1 (0-10 cm) 51.2 44.5 1.85 
CFS 2017D 1 1 (0-10 cm) 43.5 34.2 1.28 
CFS 2017D 1 1 (0-10 cm) 45 41.8 1.4 
CFS 2017D 1 1 (0-10 cm) 48.5 43.6 1.69 
CFS 2017D 1 1 (0-10 cm) 44 45.5 1.84 
CFS 2017D 1 1 (0-10 cm) 41.9 39.5 1.43 
CFS 2017D 1 1 (0-10 cm) 44.6 42.9 1.42 
CFS 2017D 1 2 (10-20 cm) 54.9 35.2 1.85 
CFS 2017D 1 2 (10-20 cm) 62.1 38.5 2.48 
CFS 2017D 1 2 (10-20 cm) 49.8 30.2 1.29 
CFS 2017D 1 2 (10-20 cm) 55.2 35.8 2.18 
CFS 2017D 1 2 (10-20 cm) 63.5 37.1 2.57 
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Site Unit Level Length (mm) Height (mm) Weight (g) 
CFS 2017D 1 2 (10-20 cm) 56.1 38.6 1.88 
CFS 2017D 1 2 (10-20 cm) 56.1 33.2 1.67 
CFS 2017D 1 2 (10-20 cm) 54 33.2 1.67 
CFS 2017D 1 2 (10-20 cm) 54.1 33.8 1.67 
CFS 2017D 1 2 (10-20 cm) 46.2 33.4 1.61 
CFS 2017D 1 2 (10-20 cm) 49.6 34.6 1.59 
CFS 2017D 1 2 (10-20 cm) 52.3 33.2 1.4 
CFS 2017D 1 2 (10-20 cm) 54.6 36.2 1.99 
CFS 2017D 1 2 (10-20 cm) 53.3 35.2 1.64 
CFS 2017D 1 2 (10-20 cm) 44.2 24.2 0.69 
CFS 2017D 1 2 (10-20 cm) 41.9 25.3 0.69 
CFS 2017D 1 2 (10-20 cm) 52.2 36.2 1.7 
CFS 2017D 1 2 (10-20 cm) 51.5 37.9 1.97 
CFS 2017D 1 2 (10-20 cm) 60.9 36.6 2.26 
CFS 2017D 1 3 (20-30 cm) 57.4 37.7 1.9 
CFS 2017D 1 3 (20-30 cm) 54.2 34.6 1.6 
CFS 2017D 1 3 (20-30 cm) 50.7 32.7 1.52 
CFS 2017D 1 3 (20-30 cm) 43.4 34.9 1.58 
CFS 2017D 1 3 (20-30 cm) 58.5 35.7 1.76 
CFS 2017D 1 3 (20-30 cm) 52.4 33.9 1.36 
CFS 2017D 1 3 (20-30 cm) 42.3 33.2 1.09 
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APPENDIX C: Radial Surface Collection Data 
 

Site RSC # Level Material Type Count (n) Weight (g) 
CFS2017D 1 Surface Bone, fish 1 0.059 
CFS2017D 1 Surface Bone, bird 2 0.625 
CFS2017D 1 Surface Bone, mammal 1 0.049 
CFS2017D 1 Surface Bone, reptile 10 6.518 
CFS2017D 2 Surface Faunal, bird 3 0.052 
CFS2017D 2 Surface Faunal, mammal 1 0.146 
CFS2017D 2 Surface Faunal, reptile 1 3.682 
CFS2017D 3 Surface Faunal, bird 2 0.28 
CFS2017D 3 Surface Faunal, mammal 4 1.663 
CFS2017D 3 Surface Faunal, reptile 13 3.105 
CFS2017D 4 Surface Faunal, bird 1 0.122 
CFS2017D 4 Surface Faunal, reptile 1 0.235 
CFS2017D 4 Surface Shell, glycymeris 1 1.853 
CFS2017D 5 Surface Faunal, bird 2 0.364 
CFS2017D 5 Surface Faunal, reptile 4 3.995 

 
 
 
 
 
 
 
 
 
 

 


