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archaeological sites along the Elm Fork of the Trinity River in north central Texas. 

Archaeological data recorded from mitigation excavations in Denton and Cooke counties were 
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CHAPTER 1  

INTRODUCTION 

The study of archaeological remains and how they arrived in their state upon excavation 

is a common goal for archaeologists. The archaeological record is a cumulative reflection of the 

effects of past cultures in addition to the natural environments where people lived. Knowledge of 

preservation conditions and any alterations from the original deposit help to better understand 

how archaeological sites were formed and modified through time. These natural processes can be 

studied with predictable pattern of occurrence (Butzer 1982), and can benefit or hinder 

preservation.  

Archaeological data was collected during the 1980’s across 113 sites in North Central 

Texas during the construction of Lake Lewisville where 23 prehistoric sites were recorded 

(Brown and Lebo 1991) and at Lake Ray Roberts where 90 site locations were rediscovered or 

recorded, (Skinner 1982). A total of 16 sites were selected from both lakes for further 

investigations via mitigation excavations because they contained the best preservation of artifacts 

from the sites investigated (Figure 1.1). Of these mitigated sites, seven were selected for this 

study as best representing each of four geomorphic settings: Cut-Off Channels, Floodplains, 

Colluvial Slopes, and Terraces (Table 1.1). Geologic data was collected across the Trinity River 

Basin (Ferring 1994; Ferring and Yates 1997, 1998), which established the basic geologic 

attributes of the study area. Geologic data were collected at the sites in this study at the time of 

excavation, providing detailed information on soil characteristics and site geomorphology. This 

dataset provided the geologic background for the intrasite analysis. The faunal data recorded 

from the mitigation excavation at Lake Ray Roberts and Lake Lewisville provide a setting that is 

suited for intersite analysis to investigate the relationship between site formation processes of 
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different geomorphic locations along a river basin. 

Alluvial settings are common locations for archaeological studies due to the abundant 

amount of archaeological resources preserved. Close proximity to sources of water has been an 

important factor in the location of civilizations throughout prehistory. Many archaeological sites 

are located along the floodplains of large rivers because they provide resources for agriculture, 

consistent food supplies and transportation (Butzer 1982; Huckleberry 2001).  

While studies in alluvial archaeology are numerous, there are few in depth studies 

comparing multiple sites within the same river basin system. Few publications exist that interpret 

the preservation of different sedimentary conditions at the same location, and even fewer that 

consider alluvial settings in North America. Reiche et al (2003) describes bone preservation in 

different sedimentary environment of a cave, and Stein (2001) describes different depositional 

environments of a shell midden, but neither undertakes analysis of alluvial archaeological sites. 

Comprehensive case studies are needed to interpret how site location in an alluvial setting affects 

the preservation of artifacts.  

 
Figure 1.1 Site locations in study area 
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Table 1.1 Summary table of geologic and taphonomic characteristics of study sites 

Site Blocks Levels Occupation1 Geomorphic 
Setting2 

Dominant 
Texture NSP3 NISP4 

41CO144 
Block 1 2-13 

LA CC Clay 
9,837 1,326 

Block2 2-6 841 144 

41CO150 

Block 1 5-16 

LA CC Clay 

4,963 626 
Block 

2A 
1-5 10,333 1,907 

Block 
2B 

1-10 45,975 4,808 

41DN99 Block 1 
2-5 LP 

FP Sand 
3,589 635 

6-12 LA 8,597 1,140 

41DN103 Block 1 
2-5 LP 

FP Clay 
1,590 429 

6-7 LA 810 282 

41DN102 
Block 1 

1-4 LP 
T 

Sand 

6,471 809 
6-9 LA 4,378 519 

Block 2 
2-4 LP 

CS 
177 13 

11-24 MA 6,710 547 
41DN27 Block 1 3-10 LP CS Sand 25,229 3,149 

41DN372 Block 1 
1-5 LP 

T Sand 
27,500 5,822 

6-9 LA 49,250 12,473 
Key: 

(1) LA= Late Archaic, LP= Late Prehistoric, MA= Middle Archaic 
(2) CC=Cut-Off Channel, FP= Floodplain, T= Terrace, CS= Colluvial Slope 

(3)NSP= Number of Identified Specimens 
(4) NSIP= Number of Identified Specimens 

 

1.1 A Combined Approach 

The fields of geoarchaeology and taphonomy are integrated for a combined approach of 

preservation analysis. A combined approach will help to address the broader picture of geologic 

impacts on faunal remains as it will fill in gaps that a single field approach would not allow for at 

a regional scale. Although they focus on different limitations, geoarchaeology and taphonomy 

both seek to understand the limitation that are present in archaeological sites through the 

characteristics left on artifacts and faunal remains in order to better analyze and interpret 
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archaeological assemblages. Geologic, paleoenvironmental conditions, and cultural actions leave 

taphonomic signatures on bones. These signatures can be left during two different phases: the 

biostratinomic phase (which encompasses everything occurring to bone prior to burial), and the 

diagenesis phase (which encompasses everything from the burial of a specimen to its recovery 

during excavation). Both fields recognize that many of influences result in the recovered 

archaeological assemblage, and that any number of combining factors may all have attributed to 

the condition of the recovered remains. Thus, both fields have developed equations to represent 

the main influencing factors, which both fields examine commonly identified factors in the 

preservation of faunal materials, and  use some of the same factors in their summations. 

Geoarchaeologists use the soil formation equation developed by Jenny (1941) (Equation 

1) to understand the dynamic geologic influences on artifact preservation 

 Soil Formation = f (ClORPT) Equation 1 

where soil formation is a function of “Cl” climate, “O” organisms, “R” relief of the terrain, “P” 

parent material, and “T” for the length of time the soil has formed.  

 Lyman (1994) developed a formula depicting the post burial factors affecting bone 

taphonomy (Equation 2) similar to the factors affecting soil formation: 

 Diagenesis = f (M, C, D, S, T) Equation 1 

where diagenesis is a function of “M” the material being examined, “C” the climate, “D” the 

depositional mode, “S” the sediment in which the bone was buried, and “T” the time span over 

which the bone was buried.  

Use of concepts from both fields provides a more comprehensive theoretical background 

for understanding how the different formation processes of each site produced the faunal 

assemblages. Additional steps are needed to fully understand the implications that natural 
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geologic settings have upon faunal remains. For this research, the Material to be examined is 

bone. There are varying densities within different parts of a single bone (Lam et al 1999; Lyman 

1984; Pavao 1999) and thus different elements that have different preservation potential. 

Because fragmentation plays such a significant role in the assemblages, every element for all 

recorded taxa was included in the research in order to obtain sufficient sample sizes. 

Geoarchaeological analysis shows that there are multiple factors that make up a 

“Climate”, beyond the basic climatic differences in a tropical region compared to an arctic 

region. Work on specific factors of soil formation (Jenny 1941; Ferring 1994; Holiday 2005; 

Birkeland 1984) indicate that microclimate plays an important role in determining the type of 

soil that forms as well as the moisture and temperature found at a specific location. Jenny’s 

(1941) equation for the formation of soils explicitly describes climate as a factor, and even the 

direction a slope is facing will alter the moisture content in a soil (Birkeland 1984: 236). Because 

there are numerous factors that actually comprise a climate, concepts from pedogenesis (such as 

the Soil Moisture Regime and geomorphic position) will be beneficial in determining the specific 

conditions found in all the portions of the site. Depositional Mode will entail examination of both 

the geomorphic setting and the depositional environment as they are fully integrated and 

influence one another. Furthermore, Depositional Mode encompasses the rate of burial by 

sediments at a coarse scale analysis. Sediment will also be considered as part of the geologic 

make up of each site, as it is determined by the texture of the alluvial deposit (Ferring 1994). 

Time will be examined to determine how long the remains were buried, and how deep the 

remains were buried as burial depth should increase with age. 
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CHAPTER 2  

BACKGROUND 

2.1 Archaeological Background 

2.1.1 North Central Texas Archaeology 

Investigations into the prehistory of the North Central Texas region have been conducted 

since the 1920’s and intensified in the post WWII era through the 1980’s with the construction of 

several lakes in the area. Many of the initial investigations and synthesis of the occupations were 

compiled by Crook and Harris (1957, 1958), and those syntheses were refined by Prikryl (1990) 

and Story (1990). 

Early on, two distinct cultural traits were identified on the east (Caddoan) and west 

(Plains Village) portions of the Trinity River Basin. Krieger’s (1946) synthesis as well as “An 

Introductory Handbook of Texas Archaeology” by Suhm, Krieger, and Jelks (1954) were the 

indispensable research for the study area for decades. Although this juxtaposition is identified by 

Krieger (1946), and even Harris (1936), details were not expanded on. Story (1990) describes the 

entire area within the Gulf Coastal Plain as falling “either in a no man’s-land between major 

culture areas, or to be too peripheral to merit description” in most regional synthesis prior to 

1987. 

 

2.1.2 Paleoindian (11,000-8,500 BP) 

Two different views on the adaptations of Paleoindian culture have been proposed. Story 

(1990) proposed that there is a distinct cultural difference between Folsom and Dalton cultures as 

seen by the vastly higher number of sites containing Dalton points as compared to Folsom 

occupation. Wycoff and Bartlett (1995) assert that Folsom and Dalton cultures were 



7 

contemporaneous and adapted technologies for each specific ecological setting: Folsom were 

adapted to grasslands and Dalton to forests. 

Several Paleoindian sites have been identified in the North Central Texas region, but in 

situ sites are rare (Meltzer 1987). The culture most often associated with the Paleoindian period 

is the Clovis occupation. Only two sites associated with Paleoindian occupation have been 

excavated in the region: The Lewisville Site (41DN72) and the Aubrey Clovis Site (41DN479). 

The Lewisville Site, inundated by the original Lake Lewisville impoundment, was thought to be 

pre-Clovis (Crook and Harris 1957, 1958), but reanalysis of the hearths dated it to Late 

Pleistocene/Early Holocene.  

The Aubrey Clovis Site (Ferring 2001) is the only known in situ Clovis occupation in the 

study area. Evidence supports a more generalized hunting-and-gathering subsistence, rather than 

large game as primary resources. The Aubrey Site showed distinct spatial patterning with two 

distinct activity areas as well as a broad diet of large, medium, and small animals (Ferring 2001). 

 

2.1.3 Early Archaic (8,500-6,000 BP) 

Sites occupied during the Early Archaic were similar to the Paleoindian. There are no 

known examples of in situ sites in the study area, but sites from West and Southwest Texas 

indicate similar subsistence patterns and highly mobile groups. Lynott (1981) suggests that there 

was a lower population density in the Early Archaic as compared to the Paleoindian period, but 

this has not been substantiated due to lack of reliable comparison sites. The most common point 

styles associated with the Early Archaic are the Angostura and the “Early Split Stemmed” 

(Prikryl 1990).  
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2.1.4 Middle Archaic (6,000-3,500 BP) 

Sites associated with Middle Archaic are the least common in the region (Prikryl 1990). 

Middle Archaic occupations in the Southern Plains are rare, and when they are identified, are 

almost always mixed with other living surfaces (Story 1990). “No in situ sites of this age had 

been discovered until excavations at the Calvert Site [DN102]” (Ferring and Yates 1997). A drier 

climate and channel trenching at this time led people to find water resources by excavating wells 

(Albert and Wyckoff 1984; Hall 1990; Ferring and Yates 1997, 1998) such as at Mustang 

Springs (Meltzer 1987). The resharpening of tools such as the Carrollton points may further 

indicate the nomadic lifestyle during this time. In general, the Middle Archaic occupation seems 

to be focused on a diverse subsistence strategy based upon the larger proportion of small game 

species as well as the lack of Bison (Ferring and Yates 1997) 

The most represented Middle Archaic point type is Wells, with the majority being 

comprised of quartzite. These points are characterized by long, contracting ground stems and 

narrow, triangular blades (Prikryl 1990). Carrollton points are also common, but are made mostly 

of chert, and have long, rectangular stems with frequently ground bases. These tools are often 

resharpened and may be indicative of mobile sedentary patterns (Andresfsky 1991) because of 

the heavy wear patterns. 

 

2.1.5 Late Archaic (3,500- 1,250 BP) 

Overall, there is a high density of Late Archaic sites in the region, especially along 

streams and their tributaries, despite these sites being small in size. There is reduced long-

distance mobility in comparison to earlier cultures as shown by the use of local quartzite 

materials (Ferring and Yates 1997, 1998). There is no evidence of structures, horticulture, or 
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ceramics, although the increase in burials and presence of Wylie pits found along the East Fork 

may indicate cultural changes as well as semi-sedentism (Brown and Lebo 1991). 

Like elsewhere in the Southern Plains, Late Archaic cultures around the Trinity River 

focused on white-tailed deer while other animals such as turkey and mussels were also a 

common dietary aspect (Wycoff 1992). Gary Points play the most significant role in identifiable 

lithics from this time period, and were recognized early on by Suhm, Krieger, and Jelks (1954), 

and was substantiated by Prikryl (1990) for the Lower Elm Fork of the Trinity River. Gary points 

have contracting stems that are strongly pointed or occasionally rounded. Dallas and Ellis points 

are also common along the Trinity River. Dallas points tend to have a pentagonal outline, while 

Ellis points have an expanding stem and straight base. 

 

2.1.6 Late Prehistoric (1,250-250 BP) 

The Late Prehistoric period in North Central Texas shows many cultural changes. Of the 

most importance is the appearance of ceramics, horticulture, and rare post molds that show 

housing structures (Peter and McGregor 1988) which indicate a semi-sedentary lifestyle. Plains 

Village traits are more common along Elm Fork (western side of drainage basin) and Caddoan 

traits are more common along the East Fork (eastern portion of basin). The Late Prehistoric 

period is divided into Late Prehistoric I (1,250-750 BP) and Late Prehistoric II (750-250 BP) 

(Brown and Lebo1991; Prikryl 1990). 

 The Late Prehistoric I period is characterized by the introduction of ceramics and the bow 

and arrow (Brown and Lebo1991, Miller and Wolverton 2007). Ceramics typically contained 

grog (broken ceramics) and bone temper. Stone tools such as Fresno arrow points, edge-beveled 

knives, scrapers, and drills may indicate more reliance on Bison (Lynott 1981), which is noted in 
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surrounding regions. It appears that “there was a movement of Caddoan groups from eastern 

Texas into the prairies and Cross Timbers” (Brown and Lebo 1991) as evidenced by ceramic 

designs and the introduction of the bow and arrow.  

In the Late Prehistoric II period, bison became a more dominant form of subsistence as a 

result of the wetter climate (Ferring 1987). Subsistence became more focused on riverine settings 

during the Late Prehistoric II period. Population growth increased sedentism of the groups 

inhabiting North Central Texas (Brown and Lebo 1990; Lynott 1981). Washita, Harrell, and 

Fresno arrow points resemble tools from the Southern Plains and very little Caddoan presence 

was found (Brown and Lebo 1991). 

 

2.2 Alluvial Archaeology 

Alluvial environments are a common setting to study archaeological sites because rivers 

are advantageous locations for human settlements. Many people locate their settlement along the 

floodplains of large rivers because they provide resources for agriculture, diverse food supplies 

and transportation (Butzer 1982; Huckleberry 2001). Additionally, because floodplains are 

subject to episodic overbank flooding, the preservation potential in an alluvial environment is 

high (Huckleberry 2001). While studies in alluvial archaeology are numerous, there are few in 

depth studies comparing multiple sites within the same river basin system. 

Every river system has unique attributes due to bioclimatic setting, sediment sources, and 

bedrock controls. Due to the numerous variations inherent in a river system, complex factors are 

responsible for the preservation potential at any specific location. Because of the variation of 

bedrock, stream order, and sediment load along a river, differential preservation of artifacts 

exists throughout the alluvial setting (Stein and Farrand 2001). The specific location on the 
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landscape “is important because it influences the natural moisture regime and the balance of soil 

formation and erosion”(Butzer 1982:60). The sites in this study show a sampling of locations 

across the river basin from multiple geomorphic and depositional settings to understand how 

these variations impact faunal preservation.  

 

2.2.1 Terraces 

 

Figure 2.1 Schematic cross section of the Trinity River terraces 
 

On the macro scale, alluvial environments are comprised of floodplains and terraces. The 

majority of archaeological sites are found on terrace surfaces as a result of shallow artifact burial. 

When floodplains are abandoned, terraces begin to form and natural weathering and pedogenesis 

begins to occur (Ferring 1986, 1990, 2000). Terraces have an increase in soil development 

because of the reduced sedimentation rate which also results in more distinct horizons, and more 

acidic soil conditions in the B horizon. Terraces horizons are usually Alfisols, Mollisols, or 

Vertisols in temperate environments such as North Texas (Ferring 2001).  

 

2.2.2 Floodplains 

Floodplains on the other hand are an assemblage of various landforms of the river 
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(Brown 1997).  Floodplains receive deposits from the river and these deposits vary depending on 

the sediment load of the river as well as distance from the channel (Ferring 2001). Sand and 

coarse silt are deposited in close proximity to the channel due to the larger particle size. Clay and 

fine silt on the other hand are transported by the river in suspension, and are deposited on the 

distal floodplain. Floodplains with high sedimentation rates do not promote well developed soils 

and will typically possess A-C horizonation as a result. 

 

2.2.3 Channels 

Alluvial deposits (alluvium) are controlled by the stream/river type as well as the stream 

load of each specific river system. Channels of meandering rivers such as the Trinity River 

commonly migrate. When this process occurs, a portion of the meander loop many be cut-off 

called a chute cutoff, or the entire channel segment may be cut off from the main stream (Brown 

1997; Walker 1984) which will produce oxbow lakes and cut-off channel environments such as 

those associated with 41 CO150 and 41CO144. 

Facies descriptions, including pedological characteristics unique to a sedimentary 

environment, are different for levees, point bars and abandoned channels. Facies analysis is 

essential in describing and identifying the specific context of archaeological sites in alluvial 

settings (Ferring 2001:85) because each specific location on the floodplain produces different 

depositional environments and thus different conditions for archaeological remains. Floodplain 

soils are often cumulic soils, but different positions along the floodplain receive different 

amounts of alluvium as well as different textures of deposits (Ferring 2001:87).  

By understanding the differential preservation potential in alluvial settings, we can more 

accurately predict site location and settlement patterns of river basins. “Active, aggrading 
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floodplains provide perhaps the best setting to find discrete, stacked occupation zones, each 

representing relatively brief intervals of human activity” (Ferring 1986a). We can also identify 

subsistence patterns and whether or not artifacts were likely to have survived if they were ever 

present. 

 

2.3 Site Formation Processes 

The study of site formation processes helps to identify the transformations that occur in 

the archaeological record in order to understand the original human behaviors that initially are 

associated with artifacts (Stein 2001). Understanding formation processes is essential to 

archaeologists because the context and patterns identified with artifacts are created by both 

cultural and natural processes (Schiffer 1976; Stein 2001:37), and accurate determination of 

these patterns “reflects the distribution of human activity or the biases of geological 

preservation” (Waters 1992:99). Site formation processes are broken into two main groups to 

describe when and how the processes interact with artifacts: Pre-burial, and Post-burial. These 

two stages are also referred to as the Biostratinomic and Diagenesis phases by taphonomists 

(Lyman 1994). 

 

2.3.1 Pre-Burial Considerations 

2.3.2 Weathering 

The presence of weathered faunal specimens is indicative of surfaces that were stable 

enough for habitation, even if not long enough for soils to form. Behrensmeyer (1978) defined 

six different stages of weathering, and recorded the duration it took for each stage to occur. 

Evidence of weathering is really only the minimum number of years it could have been on the 
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surface, and differences in microhabitat such as shade (Behrensmeyer 1978; Gifford and 

Behrensmeyer 1977) and humidity will vary the length of time for each stage to develop (Brain 

1981; Yellen 1991). With intense and prolonged exposure to the elements on the surface, 

archaeological specimens can become broken into small fragments, and more difficult to 

identify. 

 

2.3.3 Gnawing 

Carnivores as well as rodents gnaw on faunal remains prior to burial of bone. Some small 

rodents can also gnaw on faunal material after burial as a result of burrowing activity (Benn and 

Rogers 1985:43). Particular rodents gnaw on bone at differing post-mortem intervals (Klippel 

and Synstelien 2007), indicating a coarse scale time frame of deposition. The presence of gnaw 

marks from animals may be considered indicative of slow sedimentation rates because the bones 

would have been exposed on the surface long enough to be altered. When used as a proxy for 

slower sedimentation, gnaw marks only indicate the absence of prolonged rapid sedimentation 

rates as the presence of gnaw marks.  

 

2.3.4 Burning 

Burning can play a significant role in bone preservation. Characteristics of burning are 

typically noted macroscopically through changes in color and texture of bone. Many studies have 

linked the duration and intensity of burned bone with changes in color and mineral composition 

(Brain 1981; Lyman 1994; Shipman et al 1984; Stiner et al 1995).  While specific conditions of 

duration and degree of heat produce slightly different results, the general trend goes from 

unburned to a charred/black color to a calcined/white color. Additionally, micromorphological 
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changes occur to the structure of hydroxyapatite found in bone (McCutcheon 1992). An 

association between more advanced degrees of burning and more fragmented assemblages has 

also been found (Johnson 1989; Stiner et al 1995), which can reduce the number of identified 

specimens. 

Burned bone is most often considered to be the result of human actions, though it can 

result from natural fires as well (Lyman 1994). A study by Bennett (1999) suggests that if bones 

are burned through natural causes such as forest or grass fires, the faunal specimens located 2-5 

cm below the surface will be almost calcined, and those found to a depth of 10 cm will be 

charred. Bone specimens exposed to direct heat (resulting from human fires) have an increased 

degree of burning on the entire surface. As with other actualistic studies, the condition of bone 

prior to burning (fresh or dry), and the duration and intensity of the fire will have varying results 

on the taphonomic signatures. While natural burning cannot definitively be discerned from 

cultural burning of bone, changes in the intensity of burning can indicate different taphonomic 

impacts. 

 

2.3.5 Post Burial Considerations 

2.3.6 Soil Weathering 

Subsurface flowing water is harmful to the preservation of bone artifacts because the water 

begins to precipitate various minerals and break apart the bones (Butzer 1982: 197). “The rates 

of surface-water runoff and erosion vary with slope” (Birkeland 1984:234), and thus the 

preservation potential of buried faunal remains will vary greatly depending on the topographic 

setting.  Flowing groundwater is detrimental to the preservation of bone (Holliday 2004; Schiffer 

1987) because it episodically saturates and then dries out the bone, which affects bone density 
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and will eventually cause the specimens to break apart and fragment. Chemical weathering as a 

result of soil development will also lead to increased deterioration of faunal materials (White and 

Hanus 1983:322). When chemical weathering occurs, staining (Schiffer 1987:150), etching 

(Binford 1981b: 50), and long cracks may be evident on faunal remains, which may appear 

similar to surface weathering. Additionally, specific ions such as Ca, H and P can alter the 

conditions of burial and preservation potential in depositional environments (Schiffer 1987; 

White and Hannus 1983). 

Soil pH is directly impacted by the ability of water to percolate through soils (Birkeland 

1984; Butzer 1982; Holliday 2004), which is why sandy soils tend to be more acidic, and clay 

soils, with the small particle sizes and water retention, tend to be more basic. The pH of the soil 

has been found to have a strong effect on the preservation potential of faunal remains in 

archaeological settings. Gordon and Buikstra (1981) examined the preservation of different 

portions as well as the ages of human remains, and were able to determine that different acidity 

levels in the soil were more detrimental to different elements in addition to juvenile individuals. 

 

2.3.7 Sedimentary Abrasion from Fluvial Transport 

Evidence of sedimentary abrasion, marks on faunal remains resulting from contact with 

sediment during water transport, can affect the condition and even mask other taphonomic 

signatures such as gnaw marks (Shipman and Rose 1983:50). Faunal specimens with evidence of 

sedimentary abrasion on only one surface are suggestive of eolian conditions as a single surface 

would have been exposed to the surface (Lyman 1994). On the other hand, if sedimentary 

abrasion is the result of fluvial transportation, it is often evidenced over the entire specimen and 

may also be noted as evidence of rolling. The Trinity River is known to have frequent flooding 
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which may impact the faunal remains on the floodplain or Cut-Off Channel surface. Signs of 

sedimentary abrasion help to establish the depositional history as well as the microenvironmental 

attributes of a site. 

 

2.3.8 Translocation of Artifacts 

The conditions under which burial occurs directly affect the preservation potential of 

artifacts. Numerous processes exist that can physically alter bone once it has been buried (Wood 

and Johnson 1978). Some of the most common types of turbation are caused by bioturbation 

(burrowing animals or human impacts), pedogenic processes (movement by soil processes such 

as those associated with Vertisols), and erosion.  

 Argilliturbation, movement of soils caused by shrinking and swelling of soils with high 

amounts of clay (>30%), is a common occurance in alluvial settings. These soils, known as 

Vertisols, are linked to the seasonal wetting and drying of clay rich soils, especially those formed 

from alluvium. As the clays dry out and shrink, large cracks appear and new soil from the 

surface falls into them. When the Vertisols are hydrated, the cracks close and slickenslides are 

present as the clays slide past one another since they now occupy more volume than before. 

Vertisols can also transport artifacts between depth through the shrinking and swelling process 

(Rick et al 2006; Wood and Johnson 1978). 

 

2.4 Geoarchaeology 

2.4.1 Sediments in Archaeology 

A dynamic relationship exists between sediments and soils. Sediments are particles that 

are deposited by natural (and in some instances cultural) processes such as wind or water (Butzer 
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1982), and are described based upon their size: clay, silt, and sand. Attributes of sediments and 

the subsequent soils that form from them can provide evidence about past environments such as 

geologic histories nearby, and when surfaces were stable enough to live on. The use of sediments 

aides archaeologists in reconstructing past environmental conditions, landscape evolution, and 

the geologic changes that occurred around human habitation.  

The rates at which sediments are deposited have a direct impact on the conditions of 

burial. Rapid sedimentation rates promote faunal preservation because there is a shortened period 

of time for the faunal specimens to be exposed to physical weathering.  This promotes weak soil 

development and limited bioturbation as well as lessening the potential for animals to gnaw on 

faunal remains (Ferring 1986). By contrast, areas of slow sedimentation promote soil 

development and faunal deterioration. Sediments are rarely deposited on terrace sites as they are 

above flood limits, but are episodically deposited on floodplains (Ferring 1986a, 1992; Birkeland 

1984). Because of this, the geomorphic setting is intrinsically tied to the understanding and use 

of sediments in archaeology. 

 

2.4.2 Soils 

Pedogenesis (the formation of soils) has been a central component of site formation 

processes since the same processes that form the soils of a site are also acting on the associated 

archaeological materials (Holliday 2004). Soils are of great importance to archaeological 

research because they indicate stable surfaces as well as aiding in reconstruction of 

paleoenvironments (Holliday2004; Mandel and Bettis 2001). Since the integration of 

geoarchaeological investigations became common, measurement of the soil texture and 

composition has also gained in popularity. Although soil texture measurements are common, few 



19 

case studies exist to specifically link the texture of a soil or sediment to preservation potential 

(Holliday 2004). 

Soil development is controlled by five main factors as classified by Jenny (1941) in the 

CLORPT equation where soil is a function of the Climate, Organisms, Relief, Parent Material, 

and Time of each individual location. All five factors play a role in the formation of a soil, each 

with varying degrees of emphasis depending on the particular location of the soil. Ferring (1994) 

amended to Jenny’s equation in his discussion of alluvial soil development by adding an 

additional factor of “D” for “Dynamic” action of alluvial processes since soils were constants in 

a state of flux not accounted for by Jenny’s original equation. On floodplains, “cumulative soils 

protect artifacts from erosional disturbance, carnivore gnawing of bone, and active near surface 

bioturbation” (Ferring 1992:18). 

As soil horizons are created through the processes of illuviation (additions of minerals to 

a horizon) and eluviation (losses or removal of certain minerals), the same minerals are added to 

and removed from buried faunal remains (Buol et al 2003:110). Additionally, each soil horizon 

contains properties that can be beneficial or destructive at the same time so the exact placement 

of artifacts is directly impacted by the variability in a soil. Table 2.1  shows the more common 

horizon distinctions found in the north central Texas region. Soil horizons are defined by their 

color (indicating presence/absence of certain minerals), organic matter, and texture. The 

uppermost portion of a soil profile (the A horizon) results from the decomposition of organic 

surface materials and involves the eluviation of clay minerals from the surface and intense 

physical weathering. This horizon is also more acidic and primarily affected by floral 

disturbances which will mix artifacts as well (Holliday 2004). Below the A horizon is the B 

horizon, there is illuviation of clay, leaching of carbonates, and oxides of Fe and Al (Buol et al 
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2003; Holliday 2004) due to increased chemical weathering (Table 2.2). The additions and 

movements of these materials through the profile change the texture and pH of the B horizon.  

Table 2.1 Major soil horizon designations 

Major Soil Horizons Description 

O 
Present at the soil surface. Dominated by fibrous organic 

material from plants on the surface. 

A 
Contains humified organic matter mixed with minerals as 

a result of decomposition. 

E 
Leached horizon with less organic matter, clay and 

oxides. Forms only after long periods of time 

B Horizon with products of weathering (clay and oxides). 

C 
Mineral horizon other than bedrock with little to no 

alteration from soil formation processes. 

R Layer of hard bedrock below solum. 

 

Table 2.2 Subsurface soil horizon characteristics 

Subsurface 
Diagnositic Horizons Description Example 

Designation 
Calcic Accumulation of carbonates (CaC03) at least 15%. 

These are usually not strongly cemented horizons. 
Bk, Ck 

Argillic Illuvial horizon containing 1.5 times the amount of 
clay found in the horizon above. 

Bt 

Cambic Horizon with a weakly expressed B horizon Bw 
 

2.5 Taphonomy 

Taphonomic processes leave distinct signatures on faunal remains. The study of 

taphonomy is typically examined in two stages: biostratinomic and diagenesis. By understanding 

the processes that leave distinct signatures on bones, taphonomic histories can be created to 

provide a more accurate understanding of how human or natural origins interacted with faunal 



21 

specimens. Taphonomic processes can be both additive and subtractive to the preservation 

potential of bone depending on the type and degree of the process. Although issues exist where 

two or more taphonomic processes produce the same or similar results, referred to as 

equifinality, processes can often be distinguished with more refined analytical techniques 

(Lyman 2004). 

 

2.5.1 Fragmentation 

Degrees of fragmentation are often used by taphonomists to help establish the condition 

of the assemblage, as well as cultural impacts to bone. Fragmentation can be a result of human 

activity (through grease and marrow extraction) or physical (through a rockshelter roof collapse 

or chemical weathering). Individual bone specimens or fragments are often described in terms of 

the total number of identified specimens (NISP) that can be identified to a taxon. Marshall and 

Pilgram (1993) determined that there is a threshold where NISP will be reduced because 

fragmentation is so intense that you can no longer identify the remains to any taxon. 

Fragmentation greatly decreases the ability to identify faunal remains (Lyman 2008), and plays a 

large role at the Ray Roberts and Lewisville sites (site summary table). 

 

2.5.2 Bone Density  

 The size, and density of bones all play a role in preservation potential (Lam et al 2003; 

Stiner 2004) and the propensity to fragment. Different bones of the body have different densities, 

as well as among different animals due to the fact that locomotion varies among taxa. “It is well 

known that the structural density of bones varies with age, sex, nutritional status, and genetics, 

and different bones will vary differently” (Lyman 1994:252). Because of this, average structural 
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densities for most bones have been established, but are considered ordinal scale data (Lyman 

1994) since the majority of the previous factors are unknown for individual specimens in a given 

sample. Additionally, because there are varying densities of bone within specific elements, 

numerous studies have been conducted (Lyman 1994) to demonstrate where breaks are likely to 

occur, and how complete an entire element is. 

 

2.6 Research Questions 

This research aims to quantify and assess some of the geologic impacts of site formation 

on the preservation potential of faunal materials in archaeological sites. In trying to establish 

preservation potential in a given geologic setting, several levels of analysis are needed. Initially, 

geologic differences within each site (intrasite) were examined. Then comparison between sites 

in each depositional setting was examined to assess if preservation was consistent within each 

depositional setting or whether additional factors (such as changes in soil texture) affected faunal 

preservation. On a macro-scale, geomorphic setting was examined to determine if geologic 

differences impacted faunal preservation across different settings as well. Specific site examples 

are needed to investigate the actual impacts of different geologic conditions such as geomorphic 

position, rates of sedimentation, and soil texture, soil pH, and differential weathering under 

different geologic conditions. We know that the artifacts recovered do not provide an exact 

picture of how prehistoric cultures lived, but by understanding how natural geologic processes 

have altered artifacts, we can better understand the original deposit of artifacts.  

Different geomorphic positions such as terraces and floodplains are commonly assumed 

to have different preservation potentials due to differences in rates of sedimentation.  Is the 

difference in preservation mainly caused solely by the geomorphic position, or is there another 
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dominant factor such as soil texture, rate of sedimentation, or depth of burial? Different 

geomorphic locations have different characteristics regarding the horizons and soil 

characteristics present. Does the depth of burial for artifacts have a large impact when compared 

at the same depth but in different locations? This research aims to quantify the different patterns 

of bone preservation by evaluating the role of geologic context and processes. 

Another line of questions common to geoarchaeological investigations is that of soil 

texture and preservation. The overarching texture of the soil surrounding artifacts is commonly 

believed to have a large impact on the preservation of faunal remains. For instance, the sandy B 

horizon of terraces allows water to freely flow around the particles and increases the acidic 

content of the soil, which aides in the destruction of bone preservation. Contrasting sandy soils, 

clay dominated soils tend to have a basic pH and CaC03 which aides in the preservation of faunal 

material. If texture is a contributor of the increased preservation in clay-rich soils, are there other 

factors besides texture that may affect faunal preservation such as depth of burial or age? The 

two sites located on the floodplain setting (41DN99 and 41DN103) provide a situation where 

texture can be examined while other factors are held constant. The two sites have different 

textures, but are in the same depositional environment and contain occupations from the same 

ages so that texture differences alone can be quantified.  

Contrasting the questions raised by differences in texture, additional geologic attributes 

may play a more significant role in faunal preservation. The site 41DN102 presents a unique 

setting for investigating the different patterns of faunal preservation because of the two blocks 

excavated, both were dominated by soils dominated with sandy texture, but each block is in a 

different geomorphic setting, and contains artifacts from multiple occupations. Investigations at 
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41DN102 examine how depositional setting as well as age of artifact may produce different 

effects on faunal preservation. 

 The addition of shell to archaeological assemblages is believed to neutralize the pH of 

soil, and to increase cation exchange. Because of the assumption that additional mussel shell 

aides in preservation, the geologic conditions that are conducive to bone preservation should also 

aide in shell in the same assemblage. Sites where mussel density is available were examined to 

see if there is a correlation between faunal preservation and increased mussel density. 

 There are numerous aspects that aide in preservation of faunal materials. In order to 

understand exactly which factor may be more important in a given geologic scenario, both 

intrasite and intersite analysis is needed. This case study examines sites within the same drainage 

basin, and with the same climate history, but presents sample sites in different geologic contexts 

so that as many aspects of site formation as possible are kept constant. The questions tested with 

this study reveal how different aspects of preservation actually affect faunal materials because of 

the intersite comparison within the same drainage basin.  
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CHAPTER 3  

PROJECT SETTING 

3.1 North Central Texas 

On a large scale, the Trinity River Basin is located “at the boundary between the southern 

Osage Plains and the Gulf Plain Physiographic provinces” (Ferring and Yates 1997, 1998). The 

study area covers Denton, Cooke, and Grayson counties in North Central Texas. The Southern 

Osage Plains are comprised of low rolling hills. The eastern portion of the southern plains is 

comprised of deciduous woodlands and grassland prairies on the western half (Wycoff 1992). 

The border of these two distinct ecological regions provided a dichotomy for subsistence 

resources as well as for cultural traditions and practices. 

 

3.2 Ecozones  

 
Figure 3.1 Physiographic regions and corresponding bedrock of North Central Texas 

 

On a regional scale, Lake Ray Roberts and Lake Lewisville are on the ecotone of the 

Blackland Prairies and Oak-Hickory Forests (Ferring and Yates 1997, 1998). Four major 

geomorphic/physiographic regions are recognized in the region: the Western Cross Timbers, Fort 

Worth Prairie, Eastern Cross Timbers, and the Blackland Prairie (Hill 1901; Fenneman 1938; 
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Ferring and Yates 1997, 1998). Since climate is stable across the entire region, the variations in 

bedrock are the principal factor for the different flora and fauna associated with each ecozone. 

The different bedrock below the study area corresponds with the different ecotones on the 

surface as can be seen in Figure 3.1. 

 

3.2.1.1 Western Cross Timbers  

The region corresponds with the Antlers Formation north of the West Fork and the Twin 

Mountains, Glen Rose and Paluxy Formations to the south (Figure 3.1). The Western Cross 

Timbers is comprised of sandstone, with sandy soils dominated by Paleustalfs. 

 

3.2.1.2 Ft. Worth Prairie  

The western part of Lake Ray Roberts is comprised of soft bedrock outcrops of the 

Denton, Weno, and Pawpaw formations, corresponding to the Fort Worth Prairie (Figure 3.1). 

The Fort Worth Prairie corresponds with limestone and marl bedrock, which have produced 

gently rolling surfaces with calcium rich Calciustolls-thick fertile, organic rich soils associated 

with grassland environments.  

 

3.2.1.3 Eastern Cross Timbers  

Oak forests cover the Eastern Cross Timbers. The region corresponds with the Woodbine 

Sandstone bedrock with Paleustalf soils similar to the Western Cross Timbers. The western 

portion of Lake Lewisville is associated with the Eastern Cross Timbers ecozone (due to the 

Woodbine Sandstone bedrock). Isle du Bois Creek, which is located on the eastern side of Lake 

Ray Roberts (Figure 3.1), formed on the Woodbine Sandstone and the Eagle Ford Shale and is 
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associated with the Eastern Cross Timbers ecozone. The Eastern Cross Timbers consists of low 

hills with well-developed sandy soils (Ferring and Yates 1997, 1998). 

 

3.2.1.4 Blackland Prairie  

The Blackland Prairie is associated with the eastern portion of Lake Lewisville (Ferring 

and Yates 1997, 1998; Ferring 1994:23) (Figure 3.1). The region corresponds with the Eagle 

Ford Shale, Austin Chalk, and Ozan Marl which produce thick, clay rich soils. The Eagle Ford 

Shale and Ozan Marls associated with the Black Prairie are much more prone to erosion than the 

resistant Austin Chalk, which have produced large flat areas with Vertisols (clay rich soils 

associated with shrink-swell capabilities).  

 

3.3 Biotic Environments 

 
Figure 3.2 Physiographic provinces of the United States (from Fenneman and Johnson, 1948) 
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The modern day environment of North Central Texas is located at the boundary between 

the transition of Southern Plains and the Southeastern deciduous forests. Story (1990) confirms 

the boundary by showing that the Gulf Coastal Plain physiographic province cuts directly 

through the study area. In both environments, riparian streams transect the topography 

(Fenneman 1938). While on a large scale the project area exists at the boundary between the 

plains and forests, small scale conditions such as site specific geology, drainages, and soil 

conditions dictate local environmental characteristics. 

Each biotic province contains its own set of flora and fauna which prehistoric cultures 

would have exploited. The forested areas of the region (the Eastern Cross Timbers and the 

Western Cross Timbers) contain post-oak, blackjack oak, and hickory above sandy soils. The 

Cross Timbers bisect the topography in a north-south direction which would have dominated the 

view of prehistoric cultures (Dyksterhuis 1948). The prairies (the Grand Prairie and the 

Blackland Prairie) consist of grasslands with few trees overlying clay-rich soils (Mollisols) 

(Prikryl 1990; Story 1990).  

As a result of ecozone boundaries, numerous faunal resources were available for 

prehistoric people. Of particular note, deer, rabbit and turtle were primary resources used for 

subsistence. 49 additional species of mammals (e.g., pronghorn, elk, bison, beaver, dog, and 

coyote), 59 species of reptiles and amphibiams (ie lizards and aquatic turtles) and 239 species of 

birds have also been documented in the area (Blair 1950). Bison is also found at only a few 

archaeological sites near the study area. This was probably due to the fact that local prairies 

contained few grasses which were preferred by bison, and thus only supported small herds 

(Dysterhuis 1948; Dillehay 1974; Hornaday 1887:426; Lynott 1979). 
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3.4 Past Environments/Environmental Change 

In general, the Holocene is divided into three periods: The Early Holocene (10-7,000 

BP), the Middle Holocene (7-4,000 BP), and the Late Holocene (4,000 BP- present) (Story 

1990). Since the occupations of this study occur during the Middle to Late Holocene the regional 

descriptions will focus on the changes between 7,000 BP and present. 

Overall, evidence from the climate of the Southern Plains region appears to have 

fluctuated between wetter condition in the early Holocene to a drier middle Holocene and a 

return to moister conditions during the late Holocene (Ferring 1990, 1994; Ferring and Yates 

1997, 1998). Specific locations in the region seem to have experienced pronounced changes in 

the environmental conditions at slightly different times, but all follow the same pattern. Multiple 

lines of evidence support a changing environment during the Holocene in North Central Texas.  

Faunal records from the region have been used to interpret and understand climatic 

conditions. Winkler (1990) interpreted fauna from the Wilson-Leonard site in central Texas to 

show that from 9-2ka, climates were moister than modern day, although there appeared to be a 

warmer/drier period around 8ka which corresponded with changes during the middle Holocene. 

In a review of fauna from the entire Southern Plains region, Graham (1987) also identified 

slightly warmer and drier climates around 8ka and “a return to moister conditions in the late 

Holocene, beginning ca. 4ka” (Ferring and Yates 1997, 1998). Increases in land snails found in 

rockshelters have also been used to indicate a moister condition 2-1,000 BP (Hall 1990). 

While regional climatic changes may have had a direct impact on site specific faunal 

compositions, pollen data and geologic patterns from the region support many of the overarching 

changes noted in the region. Regional pollen analysis from Boriack Bog in central Texas (Bryant 

1977; Bryant and Holloway 1985) provides the most reliable pollen samples for the middle to 
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late Holocene (Story 1990), which indicate a continual warming trend that has resulted in an 

increase in non-arboreal pollens.  

 

3.5 Trinity River Basin 

 
Figure 3.3 Trinity River Drainage Basin. From Ferring and Yates (1997) 

 

The Upper Trinity River Basin is located in North Central Texas, and is bounded by the 

Red River drainage basin to the north, the Brazos to the west-southwest, and the Sabine drainage 

to the east (Ferring 1994). There are four major branches of the Trinity River: the Clear Fork, the 

East Fork, the Elm Fork, and the West Fork. The Trinity River is a meandering suspended load 

river. It has a broad, aggrading floodplain. A suspended load channel is narrow and deep (Schum 

2005), and the “late Holoce meanderbelt positions appear to have been quite stable, except in 
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constricted portions of valleys” (Ferring 1994). Lake Ray Roberts and Lake Lewisville are both 

located on the Elm Fork of the Trinity River. 

The mitigated sites of this study lie along the western portion of the Upper Trinity River 

Basin, specifically along the Elm Fork. “The West Fork of the Trinity River is the consequent 

stream (a stream following the land surface)” (Ferring 1994). The Elm Fork and Mountain Creek 

are subsequent drainages (Ferring 1994), having formed over the less resistant bedrock of Eagle 

Ford Shale. Clear Creek, Denton Creek, and Hickory Creek are major obsequent tributaries 

(Figure 3.3) (Bloom 1991:292; Ferring 1994). 

In the Upper Trinity River Basin, especially along the Elm Fork, four 

morphostratigraphic units have been defined by Ferring (1994): Stewart Creek Terraces, Hickory 

Creek Terrace, Denton Creek Terrace, and the floodplains. Each morphostratigraphic unit 

contains allostratigraphic units used to describe the sedimentary features. 

 

3.6 Terraces 

 
Figure 3.4 Schematic diagram of terraces in the Trinity River Basin. 

3.6.1 Stewart Creek Terrace  

The Stewart Creek Terrace is the highest terrace in the Trinity River Valley, and is 
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located approximately 35 meters above the floodplain. Stewart Creek Terraces are likely a series 

of discontinuous terraces, but have not been assigned further distinction. The Stewart Creek 

Terraces contain an alloformation referred to as the Irving Alloformation which contains a well-

developed Alfisol with a 3 meter thick red argillic horizon (Ferring 1994)., Although the degree 

of soil development indicates the “alluvial deposits are middle Pleistocene and/or Sangamon in 

age” (Ferring 1994), the age of Stewart Creek Terraces have not been established due to lack of 

faunal remains and ashes.  

 

3.6.2 Hickory Creek Terraces 

The Hickory Creek Terrace is broad and flat, and can be matched on both sides of the 

river throughout the basin (Ferring 1994:37). The height above the floodplain varies from 33 

meters to directly above the floodplain across the Elm Fork. The Hickory Creek Terraces are 

found to be narrower when it overlies resistant bedrock such as the Austin Chalk, and wider in 

localities where it is underlain by less resistant Eagle Ford Shale. Due to the asymmetric nature 

of the Elm Fork, Hickory Creek Terraces are found on the west sides of the valley and steep 

bedrock slopes on the east (Ferring 1994). The Hickory Creek Terraces contain Coppell 

Alloformation which is a unit with gravel in the lowest section and by “fining upward calcareous 

loam, silty loam and clay loam” (Ferring 1994:39). Strongly developed Mollisols and Vertisols 

have formed within the Coppell Alloformation. The Hickory Creek Terrace is estimated to be 

middle Wisconsin (70-28 ka) due to faunal remains noted by Slaughter (Slaughter 1966). 

 

3.6.3 Denton Creek Terrace 

The Denton Creek Terraces are commonly found 3-7 meters above the modern floodplain 
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and are also discontinuous and difficult to 

discern in many locations along the Elm Fork. 

Isle du Bois drainage contains continuous 

Denton Creek Terraces. Denton Creek Terraces 

are comprised of sandy to loamy alluvium, 

which results in easily eroded and sloping 

surfaces. The majority of terrace 

archaeological sites, such as DN102 and 

DN372, are found on the Denton Creek 

Terraces. Denton Creek Terraces are 

Pleistocene in age based upon radiocarbon ages 

taken by Willimon (1972) and on faunal 

remains such as bison recovered in the 

Carollton Alloformation. The sedimentary fill 

of the Denton Creek Terraces is the Carrollton 

Alloformation. The Carrollton Alloformation 

is sandy to loamy and almost always non-

calcareous (Ferring 1994:48) as can be seen in Figure 3.5. Moderate soil development is evident 

in the upper portions of the Carollton Alloformation. 

 

3.7 Floodplains 

The floodplains in the Upper Trinity River Basin are broad and flat (Ferring 1994). Three 

main alloformations are recognized and have been defined at the Aubrey Clovis Site as well as 

Figure 3.5 Sample Texture Data from a Denton 
Creek Terrace Locality. From Ferring and Yates 
(1997) 
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borehole data in the region (Ferring 1994).The majority of floodplains in the Upper Trinity River 

basin have a silt-clay texture with the exception of the Pilot Point Alloformation along Isle du 

Bois Creek that is dominated by sandy alluvium. 

 
Figure 3.6 Alloformations of the Trinity River Floodplain 

 

3.7.1 Aubrey Alloformation 

The deepest alloformation of the Trinity floodplains is the Aubrey Alloformation. The 

Aubrey Alloformation consists of 6-9 meters of sands and gravels with occasional finer 

sediments (Ferring 1994). Data from the Aubrey Clovis site (Ferring 1995) dates the 

alloformation to the Terminal Pleistocene. The uppermost boundary of the Aubrey Alloformation 

is the contact with the Sanger Alloformation, and the lower boundary is the contact with 

bedrock.  

 

3.7.2 Sanger Alloformation 

The Sanger Alloformation is comprised of fine grained calcareous alluvium, although 

Sanger sediments that have been exposed vary between the Gateway Section and the Aubrey 
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Site. 14 recorded radiocarbon ages (ranging from 11.5-6.0 ka) date the Sanger Alloformation to 

the early Holocene. The upper boundary is the formation of a soil that contacts with the Pilot 

Point Alloformation. The soil is usually a moderately developed soil with a thick Bk, BCk or Ck 

horizon with medium to large carbonate concretions (Table 2.2). The lower boundary of the 

Sanger Alloformation is the contact with the Aubrey Alloformation. The lateral extent of the 

Sanger Alloformation is “bedrock valley walls, flanking colluvial sediments at floodplain 

margins, or modern channel cutbanks” (Ferring 1994:58).  

 

3.7.3 Pilot Point Alloformation 

The Pilot Point Alloformation occurs below the modern day floodplain of the Trinity 

River drainage basin (Ferring 1994). The boundaries of the Pilot Point Alloformation vary 

depending on the distance from modern day channels. In situations further from the channel, the 

upper boundary is the floodplain surface and the lower boundary is the underlying Sanger 

Alloformation, or truncated Carollton Alluvium from Denton Creek Terraces. Closer to modern 

day channels, the Pilot Point Alloformation is covered by a thin cumulic sediment of recent 

alluvium called the “West Fork Soil” (Ferring 1994) while the lower boundary is an eroded 

contact with present meanderbelts. 

 

3.7.4 Floodplain Soil Development 

Floodplain soil development is complex due to factors of sedimentary environments. 

“The rate of soil development on floodplains is inversely proportional to the rate of overbank 

deposition, so when alluviation decreases or stops, then organic rich A horizons can develop” 

(Brown 1997). Along the Trinity River, A-C horizonation is common as a result of the short 
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interval between episodic alluvial depositions (alluviation). Floodplain 

soils tend to have increased clay and silt particles, as shown in Figure 

3.7. 

Floodplain alluvium is comprised of sediments transported 

from the nearby channel and deposited during flood events and is 

usually fine textured (comprised of mainly clay and silt) and 

calcareous. The soils that form on floodplains are frequently saturated 

by flood waters, and thus do not retain many of their primary facies 

characteristics. Stress cutans, slickenslides, and silt coats are common 

indicators of the expanding and contracting soils that result from 

seasonal drainage and saturation by floodwaters (Ferring 1994). 

Floodplain soils are also subject to intense bioturbation, especially 

from worms, crayfish and insects (Darwin 1986; Ferring 1994) which 

also removes the primary facies characteristics. 

 

 

3.7.5 Floodplain Sedimentary Environments 

The distal floodplain has a relatively straightforward sedimentary environment. Because 

of the increased distance from the meanderbelt, there is little change in the type of alluvium 

present. Lateral accretion is minimal because of the increased distance from the channel, thus 

vertical accretion (building of floodplain deposits) dominates. Sites such as those at Aubrey 

(Ferring 1995, 2001) display simple stratigraphy with the Aubrey Alloformation superimposed 

by the Sanger Alloformation buried by the Pilot Point Alloformation. 

Figure 3.7 Sample Floodplain Soil 
Texture. From Ferring and Yates 
(1997) 



37 

Floodplain soils in close proximity to the meanderbelts are influenced by the location of 

the channel, creating a more complicated sedimentary environment. As the channel moves, 

lateral accretion dominates as the cut bank is eroded. The resulting point bar displays 

characteristics of the changes in deposition in facies characteristics that display an upwards 

fining of the sediments, changing from gravel to sand is transported and deposited as the 

meanderbelt changes shape (Walker 1984). 

 

3.7.6 Cut-Off Channels 

When channels are cut off from the main stream, the channel can either be cut off rapidly 

or gradually. During gradual channel migration, “the river gradually re-occupies an old swale, 

and simultaneously flow gradually decreases to the main channel” (Walker1984) resulting in 

gradual water flow decrease and gradual development of low flow sedimentary structures. 

Eventually, when the channel is completely cut-off, vertical accretion of silt-clay will only be 

deposited during overbank flooding. 

The specific location along the Trinity River dictates the sedimentary environment. For 

example, the upper portion of 41CO144 has a higher sand content that “appears to reflect 

proximity of Woodbine outcrops along the east valley slope” (Ferring 1994:84). Sanger deposits 

are identified at 41CO144, and are identified by the upward fining texture of the sediments 

which indicate lateral accretion (deposition of sediments on a point bar) and that the channel was 

moving away from the location, resulting in finer textured alluvium. “Fining-upward grain size 

change is a response to spiraling flow through the meander loop” (Walker1984) caused by the 

reduced speed of water flow only transporting fine sediments on the cut-bank side of the stream. 
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41CO150 on the other hand is much further north along the Elm Fork compared to 

41CO144, though both locations are in a constriction of the valley. 41CO150 is a chute-cut-off 

channel (this is a gradual cut off from the main stream) with uniform silt-clay similar to the 

adjacent floodplain (Ferring 1994:82). The repeated channel shifting and gradual chute cut-off 

near 41CO150 lead to multiple living surfaces that were then covered by alluvial deposits with 

each flood.   

 

3.8 Site Specific Geology and Archaeology 

 Seven sites were selected for analysis in this study. The majority of sites in the original 

survey did not have faunal remains recorded, and some of the mitigated sites did not have large 

enough faunal assemblages for adequate statistical analysis. The sites selected for analysis had 

the best faunal preservation of all sites recorded during the mitigation efforts and together 

represent at least two blocks for each of the following geomorphic locations: Cut-Off Channels, 

Floodplains, Colluvial Slopes, and Terraces. Figure 3.8 shows a schematic diagram of the layout 

and geomorphic context of each site within the basin. Descriptions of the sites, their geologic 

context, and archaeological interpretations are discussed below. The two sites were located on 

the Lake Lewisville shoreline (41DN27 and 41DN372) are discussed first followed by the sites 

recorded during the Lake Ray Roberts survey. 
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Figure 3.8 Schematic Profile of site locations within the Trinity River Basin. Adapted from 

Ferring and Yates (1998:286) 
 

3.8.1 41DN372-Terrace 

 
Figure 3.9 41DN372 Site Map. Image from Ferring and Yates (1998:101) 

 

 41DN372 is located on the North side of Lake Lewisville on the West bank of Little Elm 

Creek near the confluence of Pecan Creek. Little Elm Creek is located south of Isle du Bois 

Creek, and exists in similar geologic and sedimentary conditions. The site is located on a low 
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Pleistocene terrace above the reach of floodwaters. The terrace is comprised of fine loamy 

alluvium that is deeply weathered. 

While 41DN372 is classified as a terrace site for this study, the main occupation of the 

site is a midden. The site is centered on a large midden mound. The “mound fill consists of black 

to very dark gray sandy loam to loam sediments with abundant charcoal, burned rock and 

artifacts” (Ferring and Yates 1998). Block 1 (consisting of 5x6 m in area) was excavated on the 

southern half of the midden mound. One carbon sample was collected from level 7, dating the 

site to 610 + 90 radiocarbon years BP (Appendex A.10), which is associated with Late 

Prehistoric occupation. 

41DN372 had the highest artifact density of all the Lake Lewisville sites with nearly 

100,000 faunal fragments recovered between initial and mitigation investigations (Ferring and 

Yates 1998:115). The majority of the faunal fragments recovered came from units that were fine 

screened, as well as occurring in the midden mound. Overall, burning of the faunal assemblage 

seems to be consistent throughout the depth of the excavated materials. At 41DN372, deer and 

bison are present, which would indicate large game meat sources, but they are not found in 

abundant amounts. Rather, non-mammalian remains such as various species of aquatic turtle are 

most common, which may be a product of hunting strategies or preservation potential since the 

non-mamallian remains most commonly were recovered during fine screening. 

The Late Archaic component of the site has been identified by Gary, Godley/Trinity, 

Elam, Refugio, Yarbrough, Darl points and is confined to levels 6-9 of Block 1. Numerous 

concentrations of FCR and associated points have established the Late Archaic component. 

The Late Prehistoric occupation of the site is confined to part of the central midden, and 

is represented in levels 1-5 of Block1. Drills, and projectile points associated with North Central 
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Texas Late Prehistoric culture have been identified in the upper portions of the midden, though 

their stratigraphic context does not lead to a strong chronology. Seven hearth features were 

excavated from Block 1, with the majority of the Late Prehistoric II hearths occurring 

approximately 30-40 cm below the surface. Also of importance at 41DN372, 543 ceramic sherds 

were recovered from Block 1, all with various temper used. The presence of Nacona Plain ware 

recovered in levels 1-2 and 5-8 a Late Prehistoric occupation (Ferring and Yates 1998). 

 

3.8.2 41DN27-Colluvial Slope 

41DN27 is located above Little Elm Creek near Lake Lewisville. It is found in colluvial 

fill from the Coppell Alloformation of the 

Hickory Creek Terrace upslope (Appendix A.9). 

The site formed above eroded Woodbine 

Sandstone, which is found at the base of the 

excavations. The Woodbine Sandstone has 

resulted in a loamy to sandy texture of 

sediments at the site. 

Block 1 consisted of 14 levels with the 

average depth below surface of 60cm due to the 

steep slope (Ferring and Yates 1998). 8 of the 

12 features discovered were interpreted to be 

hearths. Very few faunal remains (only 126) 

were recovered in a context other than Block 1, 

so only the remains from Block 1 will be 

Figure 3.10 41DN27 Site Map. From Ferring 
and Yates (1998:79) 
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considered in this study. Levels 3-10 are associated with the Late Prehistoric occupation. Two 

charcoal samples were recovered from the site, both from level 11. One sample, from feature 12, 

provided a date of 500 + 80 radiocarbon years while the second sample provided 680 + 90 

radiocarbon years BP (Appendix A.9). 

Bioturbation at 41DN27 is significant. Evidence of animal burrowing as well as bullnettle 

root turbation impacting the site has been identified. Based upon the sorting of faunal remains, it 

appears that the colluvial slope wash that comprises the site sorted materials between the Late 

Archaic and Late Prehistoric II phases of the site. 

41DN27 has two distinct occupations 

that have been identified based upon stylistic 

characteristics of lithic tools. Gary and Elam 

(Late Trinity Aspect) points are associated 

with Late Archaic occupations (Ferring and 

Yates 1998:86) while Fresno arrowpoints 

indicate Late Prehistoric II occupation. Local 

quartzite materials were evident at the site, 

which is consistent with regional trends for the 

occupation time period. 12 Features were 

identified during excavation of the site with 

Feature 2 being a pit filled with numerous 

bison bones which is unique in the region. 

There may be different taphonomic influences 

in Feature 2 as differential weathering and 

Figure 3.11 41DN102 Site Map. From Ferring and 
Yates (1997:251) 
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gnaw marks were noted during the initial faunal analysis. 

 

3.8.3 41DN102-Terrace and Colluvial Slope 

The primary location of 41DN102 is on a low Denton Creek Terrace on the south bank of 

Isle du Bois Creek (Figure 3.11). Two different depositional environments are present, each with 

distinct sedimentary environments. 

The portion of the site located on the terrace surface has “sandy sediments with a well-

developed Alfisol with an anthrogenic A-horizon” (Ferring and Yates 1997:252). Block 1 was 

placed on the upper part of the terrace in association with a Late Prehistoric occupation (Figure 

3.12). 

Colluvial and alluvial deposits occur towards the edge of the terrace where it meets the 

distal floodplain, which was where Block 2 was situated. Block 2 consisted of an area of 

3x3meters located on the western side of the site. Colluvial fill comprised of sandy loam to 

loamy sand to level 10 with weathered brown silty sands below and red loams below level 20 is 

the depositional environment for Block 2. The colluvial deposits are interpreted to have aggraded 

in early-middle Holocene with Middle Archaic occupation afterwards. 

 
Figure 3.12 Geomorphic Position of 41DN102. From Dicks (1987) 
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Block 1 contained the majority of the features (11) identified during excavation, while 

Block 2 had only 2. Nearly 10,000 bones were recovered from Block 1. Subsistence appears to 

be diverse during Late Prehistoric and Late Archaic times with 40 taxa identified. One carbon 

sample was recovered from Block 1, providing a date of 790 + 70 radiocarbon years BP 

(Appendex A.7). 

Block 2 contained materials from both Late Prehistoric (levels 2-4) and Middle Archaic 

(5-24) occupations (Appendex A.8). Chert appears to be the most common material recovered 

from the Late Prehistoric levels. The majority of time and effort was spent excavating levels 11-

24 where the majority of the intact Middle Archaic artifacts were located and much of the upper 

levels were discarded. The Middle Archaic remains were preserved from scavenging and 

turbation by the colluvial deposits. 

Subsistence information gathered from Block 2 indicates similar taxa compared to other 

occupation periods in the region. The cottontail to jack rabbit ratio is higher in the Middle 

Archaic which would indicate an increase in precipitation, though both taxa are commonly found 

throughout the study area in modern environments. 

 

3.8.4 41DN103-Floodplain 

41DN103 is located on the edge of the Pond Creek floodplain, overlooking the Pond 

Creek channel (Figure 3.13). The primary depositional environment of the site is floodplain 

clays-silts that are buried by coarser levee deposits. The living horizon was later buried by a 

“drape of flood deposited silty loams”, preserving the buried soil. 

Only one block was excavated, and was placed adjacent to Backhoe Trench 1 where 

buried cultural remains were uncovered. Block 1 consisted of 5x6m area with 7 levels (Appendix 



45 

A.2). Since no radiocarbon samples were 

taken, the two occupations were identified 

based upon lithic typologies: Late 

Prehistoric (levels 2-5) and Late Archaic 

(levels 6-7). 24% of the total faunal 

remains recovered showed signs of 

burning.  

 

 

 

3.8.5 41DN99-Floodplain 

41DN99 is located on the West bank of 

Isle du Bois Creek on a narrow floodplain. 

There is a low eroded Pleistocene terrace next 

to the floodplain. The sandy alluvium derived 

from the Woodbine Sandstone provides for a 

different sedimentary setting compared to 

41DN103. A soil formed in the late 

Pleistocene alluvium of the site, and is buried 

by Holocene sand with clay lamellae. The 

moderately developed Pleistocene soil has a 

thin A-horizon and red B-horizon. 

Figure 3.13: 41DN103 Site Map. Image from Ferring and 
Yates (1997:164) 

Figure 3.14 41DN99 Site Map. Image from 
Ferring and Yates (1997:175) 
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Two blocks were excavated. Block 1 was excavated in the area where thicker floodplain 

sands occur between the B-horizon and the superposed levee deposits in this area. “A cumulic to 

anthropic soil formed in these deposits, giving it a black color that decreased in chroma down 

through the section” (Ferring and Yates 1997:178), and is correlated with the West Fork soil 

identified in other locations along the Trinity River Basin. Block 2 was placed over the area of 

the site where fluvial sand thin out closer to the creek channel. Three carbon samples were 

recovered from Block 1: level 2 provided a date of 500 + 70 radiocarbon years BP, level 6 

provided a date of 1300 + 70 radiocarbon years BP, and level 10-11 provided a date of 1510 + 80 

radiocarbon years BP (Appendex A.1). 

As evidenced by the poor conditions of the recovered burials in the lower portion of the 

site, bone preservation was poor. Only 15% of the faunal remains from all the blocks at the site 

were identified. Despite greater artifact density in Block 2, the identified remains from Block 1 

are significantly greater and are considered a representative sample. 

Bioturbation is clearly evident at the site with rodent remains found in each feature as 

well as mixed materials between Feature 11 and a midden. Turbation by plants, animals, and 

humans for features were all identified at the site. There is also evidence of root etching and 

exfoliation in levels 3, 4 and 9, indicating faunal turbation and chemical weathering. 

Eleven features were identified in Block 1. They are all located in 2 distinct clusters: 

levels 3-6 and 8-11. Features found in levels 3-6 are all shallow, rock-lined hearths. Features in 

the lower portion of the site appear to be burials and rock covered pits. From initial 

investigations, it is unclear whether the features show episodic occupations, or were all from the 

same time period. Nine ceramic sherds were recovered from Block 1. The sherds are Late 

Prehistoric, and are shell tempered, despite the low mussel shell recovered from the site. 
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Late Archaic occupation of the site was identified by projectile points, although the true 

spatial distribution of occupation is difficult to discern. The Late Archaic occupation seems to be 

dominated by quartzite materials, rather than chert as is more common in the region. Levels 6-12 

in Block 1 are attributed to the Late Archaic occupation while levels 2-5 belong to the Late 

Prehistoric. 

 

3.8.6 41CO150-Cut Off Channel 

The primary geologic setting for site 41CO150 is in a cut-off channel on the eastern 

floodplain of the Elm Fork (Figure 3.15).  It is located at the valley constriction (Figure 1.1) with 

limestone bedrock on the eastern valley margin, while the Hickory Creek and Denton Creek 

Terraces form the western valley margin (Figure 3.15). 

 
Figure 3.15: 41CO150 Site map (from Ferring and Yates 1997:52) 
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Figure 3.16 Stratigraphic description of 41CO150 Blocks 1 and 2 

 (from Ferring and Yates 1997:52) 
 

The deepest stratigraphic unit (unit 4) (Figure 3.16) has a homogeneous texture of clay 

and silt with a soil having formed in the upper part of the unit. Organic carbon slightly decreases 

with depth, which is likely a result of organic material moving along cracks in the clay caused by 

shrink-swell processes. Additionally, there is a downward increase in carbonate content resulting 

from pedogenic formation. 

Unit 3 is the oldest channel, and it contains two stratified deposits. The lower deposit, 3B 

“consists of a fining upward section of thin to medium bedded silt loams and silty clay loams” 

(Ferring and Yates 1997:55). The upper portion of Unit 3 (3A) shows coarser sediments and an 

estimated sedimentation rate of 0.19cm/yr. The coarser sediments may indicate greater flood 

magnitude during that time period. In Block 2, 3A is superposed above 3B, but in Block 1, 3A is 

directly above Unit 4. 

No excavations were conducted in Unit 2, though data was collected from a trench. Unit 

2 is the younger channel which incised the Unit 3 channel fill. Unit 2B, the lowest portion of 

Unit 2, appears to be “thin sandy lenses” that “grade abruptly into about 3 meters of finely 

laminated silts” (Ferring and Yates 1997: 58). The laminated clay and silts indicate an oxbow 
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lake, which resulted from rapid aggradation and standing lake water as a result of a neck cut-off 

(Walker1984). A weakly developed soil formed in 2A after the lake deposition ceased. Unit 2A 

is heavily bioturbated silty clay loams and silt loams that show the dried out channel scar. 

 Unit 1 shows evidence of a third channel that cut into the sediments of Unit 2. The Unit 1 

alluvium is comprised of sands and finer materials with only a weakly developed A-horizon. It is 

important to note that all 3 channel settings have different sedimentary environments, and thus 

different potentials for preservation within the same geomorphic setting. 

Discrete occupations are evident at 41CO150. Evidence of bone deterioration is noted at 

the juncture between strata, which would have been a stable living surface. Etching and staining 

is present on many elements, indicating geologic factors in bone deterioration. In some instances, 

such as level B6, there is an absence of deer phalanges which is more likely associated with 

human activities rather than geological since other bones preserved well under the same 

conditions. 

The contact between Unit 3B and Unit 4 appears to have the highest artifact density in 

both Block1 and Block 2, although they occur at different elevations. For both blocks, all 

materials recovered were associated with Late Archaic occupations. In Block 2A, 2 charcoal 

samples were obtained with dates of 1710 + 70 (2A-1) and 2020 + 70 (2A-3), which established 

the rapid rates of sedimentation. Three additional samples were taken from Block 2B: 2590 + 60 

(B-2), 2470 + 50 (B-3), and 2240 + 70 (B-5).Discrete occupations were easily identifiable, as was 

the use of local subsistence resources. It is difficult to ascertain whether the site was used at any 

particular season or exact duration of occupation other than it was occupied between flood 

events. 
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3.8.7 41CO144-Cut Off Channel 

41CO144 is located on the eastern side of the Elm Fork. There are two stratigraphic units 

at the site: 1) a buried A-horizon of Pilot Point 

alluvium covered with 2) silty levee deposits. The 

Pilot Point Alluvium is channel fill with an upward 

fining texture. Carbonate content is low in the upper 

portion and higher in the lower part of the Alluvium, 

which is a result of soil leaching. Overall, the texture 

of the cultural remains recovered from the site is that 

of a “calcareous, organic-rich, fine grained alluvium” 

(Ferring and Yates 1997:108). 

Three blocks were initially excavated. Block 

1 is superposed above Block 2. Block 1 was larger 

(12 m2) compared to the smaller Block 2 (9 m2). 

Levels 3-7 and 9-13 of Block 1 contained the 

majority of the faunal materials recovered from the site. Block 2 appears to have “coarser, more 

permeable sediments” (Ferring and Yates 1997:117). A single charcoal sample was taken from 

Block 2 in level 2-3, providing a date of 2150 + 90 radiocarbon years BP (Appendex A.4). Block 

3 was placed to investigate a single hearth feature, and is not representative of the site as a whole 

and therefore data collected from it will not be included in this research. 

Block 1 contained almost 70% of all faunal material recovered from the entire site, and 

four-times the percent burned bone compared to Block 2 (Appendex A.3) Block 2 contained 

much less faunal material than Block 1, but had almost the same density. The coarser sediments 

Figure 3.17 Site Map for 41CO144 
Blocks 1 and 2. Image from Ferring and 
Yates 1997:102 
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associated with Block 2, as well as greater depth and therefore more time to be exposed to 

surface and chemical weathering, may have played a role in preservation. 

 All of the lithics recovered during excavations of 41CO144 indicate a Late Archaic 

occupation. The majority of raw material is local quartzite, which supports the regional pattern 

that Late Archaic cultures tended to use more local resources. 

 

3.9 Site Specific Geologic and Archaeologic Data Summary 

Of the eleven sites/blocks investigated, five were predicted to have the best preservation 

potential based on geomorphic setting alone. For this study, the degree of fragmentation at each 

site was measured by the NSP:NISP ratio so that the number of fragmented versus whole 

elements could be analyzed. While each of the sites has different geologic and taphonomic 

attributes that impacted the precise amount of fragmentated bone (Table 3.1)Table 3.1 

Preservation Potential Summary for all sites, this research attempted to establish how 

important the geomoporphic setting was in predicting the preservation potential at each site. At 

the geomorphic scale of analysis, it is anticipated that rapid sedimentation will provide a shorter 

amount of time for bone to be weathered as it sits on the surface prior to burial. 

Table 3.1 Preservation potential summary for all sites 

Site Geomorphi
c setting Occupation 

Predicted 
preservation 

potential 

Predicted Taphonomic 
signatures 

41DN99 Block 1 Floodplain LP, LA High Low weathering, possible 
burning 

41DN103 Block 1 Floodplain LP, LA High Low weathering, possible 
burning 

41CO144 Block1 Cut-Off 
Channel LA Highest Well preserved, possible 

burning. Limited weathering 

41CO144 Block 2 Cut-Off 
Channel LA Highest Well preserved, possible 

burning. Limited weathering 
41CO150 Block 1 Cut-Off LA Highest Well preserved, possible 
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Channel burning. Limited weathering 
41CO150 Block 

2A 
Cut-Off 
Channel LA Highest Well preserved, possible 

burning. Limited weathering 
41CO150 Block 

2B 
Cut-Off 
Channel LA Highest Well preserved, possible 

burning. Limited weathering 

41DN102 Block 1 Terrace LP, LA Lowest Small fragments, highly 
weathered 

41DN102 Block 2 Colluvial 
Slope LP, MA Moderate 

Fragmented due to age and 
compaction. Increased soil 

weathering 

41DN27 Block 1 Colluvial 
Slope LP Moderate Sedimentary abrasion due to 

transportation. 

41DN372 Block 1 Terrace LP, LA Lowest Small fragments, highly 
weathered 

Key: LP= Late Prehistoric, LA= Late Archaic, MA= Middle Archaic 
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CHAPTER 4  

METHODOLOGY 

The methodology for this study stems from the foundations of geoarchaeology and 

taphonomic studies. There is ample geoarchaeological and taphonomic theory to support the 

inclusion of numerous factors affecting faunal preservation, and the variables selected for this 

research were chosen to identify specific characteristics of depositional and post depositional 

environment that were important factors in patterns of faunal preservation. Additionally, the 

factors selected as representative indicators influencing preservation were determined based 

upon available field data collected during excavation of the sites in conjunction with written field 

notebooks. Due to the integration of two subfields for this study, variables are described to 

clarify their meaning and use. 

 

4.1 Variables 

4.1.1 Soil Horizons and Soil Texture 

 Soil profile descriptions describing the horizons (Figure 4.1), textural properties and 

depths were correlated with the faunal analysis data for each level of all 7 sites by examining 

field notes on horizons as well as datum correlations. The soil profiles chosen as representative 

for each site were ideally taken from a backhoe trench close to, but not included as part of the 

excavation test pits. A soil profile that is nearby the site, but not influenced by anthropogenic 

influences provides a base line for the geologic context without soil additions from humans 

(Butzer 1984).  Texture was calculated for each site based on two possible scenarios: A) soil 

texture data was collected at the time of mitigation, and the specific percentages of sand, silt, 

clay, CaCO3, and OC were reported by Ferring (1994) and Ferring and Yates (1997, 1998); B) 
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In some instances (DN102, DN103, DN372), detailed geologic data was not recorded at the time 

of excavation therefore field descriptions of soil characteristics made by the excavators were 

used as an alternative. For sites where excavation data was used, middle values of textures were 

chosen for approximate percentages of sand, silt and clay based upon the U.S. Department of 

Agriculture (USDA) soil textural classification chart (Figure 4.1) to differentiate the soil textures 

(Buol et al 2003:39). 

The categories in Table 4.1 were applied to the texture classes (sand, silt, clay): 

Table 4.1 Soil texture delineations 

Textural Category Percentage 
Low 0-20 
Medium 20-40 
High 40-60 
Very High > 60 

 

 
Figure 4.1 Soil texture designations from USGS 
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As one of the aims of this research is to examine how specific soil textures affect faunal 

preservation, different textures identified from lab data that occurred in the same soil horizon 

were included for the most accurate textural data by depth. Soil horizons are distinguished by 

color, texture, structure, soil carbonates, and bioturbation features. Clay and silt particles are 

smaller, allowing less space between particles and a more basic pH. In instances where clay rich 

soils are subjected to wet-dry cycles, bone deterioration increases as specimens are subjected to 

saturated-unsaturated cycles. Arid climates do not promote intense leaching of minerals, thus 

increased calcium carbonates are present. Clay rich soils often contain greater amounts of CaC03, 

and have evidence of better faunal preservation. Since soils dominated by sand often have 

increased acidity that acts as an agent of deterioration on cancellous bone, specific texture is 

necessary to establish levels where soil conditions may have had a greater impact on the 

preservation of faunal remains. 

 

4.1.2 CaC03 and Mussel Density 

 Mussel density was calculated for each level of the sites when geologic data was 

recorded. The presence of mussel shell should raise the pH of soil in a similar manner to the 

addition of other types of shell. Accumulation of mussel shell may result in the leaching of 

carbonic acid (Storch 1997) into the surrounding matrix after bone or shell is buried, which 

neutralizes the acidic potential of soils. Additionally, “sites that contain shell have increased 

porosity, permeability and alkalinity” (Stein 1992:1). An increase in CaC03 could result from 

natural soil formation, or from cultural accumulations. It is well documented that mussel shell 

middens and deposits were commonly created by prehistoric cultures. CaC03 was examined from 

a strictly anthropogenic source through mussel shell density to see if changes in faunal 
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preservation were due to increased human activity compared to geologic origins. To assess the 

impact on preservation and the changes in site formation conditions that occur from additional 

CaC03, CaC03 levels will be plotted against the percent identifiable (NSP:NISP ratio) for each 

level. 

 

4.1.3 Soil pH 

 When available lab data were collected, soil pH was recorded for each horizon of a site. 

Previous research has noted that the pH of soil has a direct effect on the ability of faunal remains 

to be preserved (Gordon and Buikstra 1981). While particle sizes on a local level tend to dictate 

the pH of a specific location, overarching pH of the soils determines the solubility of ions 

released from bones into the soil during decomposition. The ratio of calcium and phosphorous 

ions released from buried bone are released and decomposed at different rates (lower for alkaline 

rich soils, and faster in acidic soils) (Linse 1992:331). Understanding the pH of the soil for each 

of the sites allows for an additional level of understanding for the geologic preservation 

conditions of burial.  

 

4.1.4 Sedimentation Rate 

 Sedimentation rates were established and recorded for each site, occupation, and 

corresponding level based on two scenarios:  

A) If adequate radiocarbon samples were available, precise rates of sedimentation were 

calculated, and then converted to the ordinal scale based on Ferring (1986) as shown in Table 

4.2. 

B) If sufficient C-14 dates were not available to establish changes in sedimentation rates, 
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increased stages of weathering were used as a proxy for to establishing sedimentation rates. 

Table 4.2 Sedimentation rate categories 

Sedimentation Rate Radiocarbon Rate 
Low <.1 cm/year 
Moderate 0.1-0.5 cm/year 
Rapid 0.5-1.0 + cm/year 

Where increased weathering of faunal specimens occurs, a lower sedimentation rate is 

often associated (Ferring 1986), thus increased surface weathering is indicative of stable living 

surfaces. A circular argument is present when inferring sedimentation rates from the presence of 

bone weathering alone as one is thought to cause the other. Evidence of soil development such as 

increased clay content in the B horizon, increased CaC03 presence (without the addition of 

mussel shell), and the presence of stress cutans noted in the facies descriptions was examined to 

support slow sedimentation and the development of soils (Birkeland 1984; Holliday 2004). 

Additionally, in order for animals to gnaw on faunal specimens, the faunal remain was on a 

stable surface, thus the presence of gnaw marks may be indicative of low sedimentation rates. It 

is also possible for post-burial gnawing to occur from burrowing animals. 

 

4.1.5 Lithic Density 

 The lithic density variable was recorded for each level of the seven sites in the original 

analysis. In this research, lithic density is used to establish occupation intensity of each site. It is 

assumed that an increase in lithic artifacts indicates an increase in occupation intensity, though 

determining the increase in lithic artifacts is dependent on the sedimentation rate. In depositional 

environments with low rates of sediment being deposited, artifacts are exposed on the surface 

longer, and accumulate quicker because there are no sedimentary particles separating the 

artifacts. On the contrary, situations with rapid sedimentation rates promote spatial separation of 
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artifacts, but leave the impression of reduced artifact densities. When rates of sedimentation 

increase, so does the preservation potential of artifacts because of the decreased exposure to 

weathering agents. Thus examining occupation intensity based upon artifact density alone has 

the potential to be misleading without considering the rate of sedimentation. The lithic density, 

as well as rates of sedimentation, for each level is used to identify levels where increased 

occupation is evident, but faunal preservation is low. 

 

4.1.6 Fragmentation Index 

Calculating a fragmentation index for the faunal remains of a site allows comparison of 

fragmentation between levels with vastly different numbers of recovered specimens. %Whole 

(Lyman 1994b, Wolverton 2002) could not be calculated because specific measurements of 

length and width were not recorded during the initial analysis. The ratio of the number of 

specimens (NSP) to the number of identified specimens (NISP) is an appropriate assessment in 

determining whether increased fragmentation played a significant role in identifying faunal 

remains (Marshall and Pilgram 1993; Wolverton 2002). The NSP:NISP ratio was calculated for 

each level of each site to establish the degree of fragmentation as it varied within the site.  

A low ratio may either indicate that the degree of fragmentation was so intense that fewer 

elements and taxa were able to be identified or that fragmentation was not a significant 

taphonomic influence and that most of the assemblage was identifiable (Grayson 1991; Marshall 

and Pilgram 1993; Wolverton 2002). To determine whether the %fragmentation ratio was low or 

high as a result of geologic impacts (Wolverton 2002 Figure 2), the fragmentation index will also 

be compared to the average stage of weathering noted. Based on previous studies such as 

Behrensmeyer (1978), it is well established that increased surface weathering deteriorates bone 
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by splintering the bone and removing key characteristics required for identifying fauna to taxa 

and element.  

 

4.1.7 % Soil Weathering 

 Increased soil weathering is known to leave evidence of staining and etching on bones 

(Schiffer 1987; Binford 1981b: 50). Additionally, CaC03 coatings were noted on several 

specimens during the original analysis which further indicates advanced soil weathering and soil 

development. The percent of bones with evidence of any of these characteristics present were 

calculated per level of each site by tallying the number if specimens impacted by soil weathering 

divided by the total specimens for that level. It should be noted that faunal specimens with 

evidence of advanced degrees of surface weathering may have also been impacted by soil 

weathering, burning, or CaC03 deposits, but were not distinguished during the original analysis. 

Taphonomic signatures such as these are difficult to clearly identify separately when masked by 

surface weathering (Shipman and Rose 1983a:79). 

 

4.1.8 Average Burning 

 To determine whether burning played a significant role in fragmenting the faunal 

specimens, burning characteristics were grouped based upon ordinal scale rating of 0-4 because 

burning was examined in a sense of which specimens had more or less burning than others 

(Table 4.3). The average was then calculated for each level of all sites to ascertain how burning 

changed in relation to differing geologic impacts with depth. 

  

  



60 

Table 4.3 Burning attributes 

Previously Recorded 
Codes and 
Definitions 

New Codes and 
Categories 

1 not burned 0 unburned 
2 white 4 calcined 
3 blue/gray 3 partly calcined 
4 internal only 1 partly charred 
5 red-brown 1 partly charred 
6 shiny black 2 charred 
7 charred 2 charred 
8 differential 1 partly charred 
9 partly calcified 3 partly calcined 
11 flat black 2 charred 
12 partly petrified 2 charred 
13 green or blue 3 partly calcined 

 

4.1.9 Average Weathering 

 The average stage of weathering was calculated for each level of all the sites based upon 

taphonomic codes from the original analysis. Since the original characteristics were similar to 

those outlined by Behrensmeyer (1978), the codes were assigned a scale from 0-5 (Table 4.4): 

Table 4.4 Attributes of weathering stages 

0 unweathered specimens 

1 specimens with long cracks 

2 specimens with partial exfoliation 

3 specimens with patches of complete exfoliation 

4 specimens that were fibrous with splintering 

5 specimens with large splinters and complete exfoliation 
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4.1.10 Density Mediated Destruction 

 This study uses elements of all taxa despite the established differences in preservation 

between taxa (Schiffer 1987; Stein 2001) because sample sizes are too small for each taxon to be 

examined individually. Since there is a known difference in the density (Lyman 1994), and thus 

rate and associated degree of weathering (both from geologic and surface sources), specific 

elements were chosen as representative of high and low density elements in order to establish 

whether there was a bias in the preservation record.  

The distal humerus, distal tibia, mandible tend to survive better across taxa regardless of 

age (Binford 1981:217) and will therefore be the focus sample for faunal specimens that should 

survive despite geologic impacts. Long bones such as the humerus and femur still contain 

identifiable information, even when fragmented (Olsen 1961). Although humeri tend to have 

increased chance of survivorship under destructive agents, both humeri and tibiae will be 

considered in terms of the differences of distal and proximal ends recovered. 

 

4.1.11 Element Density 

 Since specific scan sites as outlined by Lyman (1994:239) were not recorded, MNI 

(minimum number of individuals) could not be determined. Each identified element was 

recorded as either complete, or as fragmented. If the fragment was too small to be identified, it 

was recorded as an unidentified specimen with no additional details. The fragment was also 

described in terms of distal, or proximal.  

Since the epiphyseal ends of bones are low density, they are prone to more rapid 

deterioration by surface and soil weathering than the high density shaft portions (Schiffer 

1987:183). Distal ends of both humeri and femurs tend to have a higher chance of survivorship 
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in adult sheep (Binford 1981:218). Based upon the established ratio used by Binford (1981:219), 

the percent of distal and proximal ends present were calculated for each level and then for each 

site to determine whether density mediated attrition existed. Binford uses a standardized 

frequency of distal and proximal ends and plots them against “zone of no destruction” and 

“zones of destruction” (Binford 1981; Lyman 1994:401; Todd and Rapson 1988:309). Once 

plotted, those horizons or sites showing evidence that density mediated attrition was evident 

were examined by comparing the percentage of distal and proximal ends to establish if there was 

a bias in higher density aspects of elements. Sites such as the Olsen Chubbuck kill site display 

almost equal number of both distal and proximal, which indicates little destruction (Todd and 

Rapson 1988:310). Calculating the ratio of distal to proximal humeri and tibiae will determine 

whether density mediated attrition is present at each site, but not what the cause of destruction 

was. In order to establish the that difference is caused by geologic impacts, the destruction ratios 

will be compared to the overall stage of soil weathering as well as other geologic impacts. 

 

4.2 Intrasite Methods 

For each site, numerous statistical tests were conducted to evaluate preservation 

conditions. While the samples are large (n>30), non-parametric tests will be employed for all 

analyses since there is no way to establish whether or not archaeological samples are truly 

representative of the original population (Ferguson 1984) in addition to the fact that 

zooarchaeological faunal assemblages are ordinal scale data at best (Lyman 1994) which 

necessitates the use of non-parametric tests. Since the ultimate goal was to quantifiably establish 

geologic impacts on bone preservation, the different measures of bone preservation (dependent 

variables) were evaluated with each of the geologic variables (independent variables) as follows. 
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1)  Initially, the fragmentation of remains in each assemblage was established level by 

level, then for each occupation and then the entire site. Fragmentation was calculated with the 

NSP/NISP ratio described previously.  

 A) To answer the question of whether degrees of fragmentation vary with depth 

of burial, a Spearman’s rank correlation and scattergrams were conducted for each site. 

 B) In sites with multiple occupations, a Mann-Whitney independent two sample 

(or Kruskal-Wallis test for more than 2 occupations) test was conducted comparing the 

fragmentation samples from each occupation. 

 C) A chi-square test of independence was conducted to evaluate the hypothesis 

that rapid rates of sedimentation should lead to increased preservation regardless of 

texture. The three rates of sedimentation (low, moderate, and rapid) were compared to the 

number identified (NISP) and the number unidentified (NSP-NISP). 

 D) One of the initial hypotheses was that increased CaC03 would improve 

preservation of faunal remains because it would neutralize the pH of the surrounding soil. 

To assess this hypothesis, a Spearman’s rank correlation was conducted comparing the 

CaC03 and mussel density with the fragmentation ratio. 

 E) A Spearman’s rank correlation was calculated to determine if the 

fragmentation ratio and degree of burning varied with depth. Additionally, burning was 

examined within each site to determine if increased degrees of burning were present near 

stable soil surfaces, which would indicate burned faunal specimens resulting from natural 

causes such as forest fires. 



64 

 F) The relationship between occupation intensity via lithic density and the effects 

on fragmentation was investigated through a correlation between fragmentation index and 

lithic density for each level of a site. 

2)  To determine if differential weathering of elements existed, each site was examined 

through multiple geologic factors. The values of humeri and tibiae were calculated by calculating 

the frequency of distal and proximal ends of each element, dividing by the largest of the four 

numbers and multiplying by 100 to determine the ratio values (Binford 1981; Lyman 1994). 

These values were displayed by element (Figure 5.23) to determine which sites fell within the 

“zone of destruction” defined by Binford (1981).While some sites showed little destruction, all 

sites were examined to determine destruction caused by natural and geologic factors through the 

following variables. 

A) Four Spearman’s rank correlations were conducted to determine the 

relationship of soil pH and geologic weathering on faunal remains. The first correlated 

pH and the number of proximal humeri, the second with pH and distal humeri; the third 

and fourth correlations were between pH and proximal tibiae and distal tibiae. 

B) A Spearman’s rank correlation analysis was conducted to determine whether 

the presence of CaC03 and mussel shell density were associated with increased 

preservation of shaft fragments. When data was available for both variables, two 

correlations were conducted. A multiple linear regression analysis was conducted for 

those sites where a positive correlation was found for both pH of soil and CaC03 so that a 

prediction could be made for differential weathering,  

3)  In assessing intensity of bone weathering at each site, the %soil weathering variable 

was evaluated in terms of the following geologic characteristics. 
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A) To determine if specific soil horizon(s) were associated with the most 

destruction from soil weathering, the frequency of specimens with evidence of soil 

weathering were compared using a Chi Square test of Independence to test each major 

soil horizon of a site. 

 B) %soil weathering was correlated with pH to examine the relationship of 

changes in soil acidity had on deterioration of faunal specimens. 

C) The content of CaC03 in each level was correlated with the %soil weathering 

to see if there was any significant association with amount of CaC03 and degree of soil 

weathering found on faunal specimens. 

 

4.3 Intersite Methods 

Intersite comparison consisted of grouping the sites based upon depositional 

environments, and comparing the variability between specific sites/blocks. The sites were 

grouped as follows for intersite analysis: Floodplain sites (41DN99 Block 1 to 41DN103 

Block1); Cut-off channels (41CO144 Blocks 1 and 2 to 41CO150 Blocks 1 and Blocks 2A and 

2B); Colluvial Slopes (41DN102 Block 2 to 41DN27); Terrace (41DN102 Block 1 to 41DN372). 

The analysis conducted between all four settings is discussed first. 

1)  Depth of burial was assessed between sites in two ways: 

A) Horizons were visually correlated prior to statistical analysis. The major soil 

horizons were grouped based upon their geomorphic setting so that soil horizons could be 

assessed by the variable factors of fragmentation, burning, soil weathering, and surface 

weathering. 
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B) Next, the variables for each horizon were examined through a Chi-Square test 

of independence by categorizing the frequency of specimens displaying each variable, 

and those that did not (e.g. total burned and unburned specimens for each soil horizon) 

based upon the horizon. 

2)  The degree of fragmentation was examined between the sample sites of each 

depositional environment. A Mann-Whitney test was conducted to determine if the two sample 

sites/blocks differed significantly within the floodplain, colluvial slope, and terrace sedimentary 

settings. A Kruskal-Wallis test was conducted to determine whether the median degree of 

fragmentation differed significantly between the Cut-off Channel site samples. 

3) Variability of the median degree of soil weathering was analyzed through a Mann-Whitney 

test to answer the question of whether soil weathering was consistent within each depositional 

environment, or whether the variability was significantly different. 

In some instances, additional intersite analysis was conducted. Specific additional testing that 

was performed for a particular setting follow. 

A) A Mann-Whitney test of median difference in ranks was conducted between 

the textures of 41DN99 and 41DN103 to determine if textures are significantly different 

between the two sedimentary environments, despite their similar depositional setting.  

 B) Block 1 and Block 2 of 41DN102 were compared using a Mann-Whitney test 

to see if the two different geomorphic contexts at the same site had an effect on 

fragmentation.  

 C) The relationship of geomorphic setting and fragmentation was examined 

through 41DN102 Block 1 and Block 2. The median values of the fragmentation index 

for the two blocks were compared using a Mann-Whitney test.  
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4.4 Geomorphic Position Methods 

The geomorphic setting was assessed in two different ways. In the first, the data from the 

sites/blocks for each setting were combined into a four datasets (Floodplains: DN99 block 1 and 

41DN103 block1; Cut off Channels: 41CO144 blocks 1 and 2 and 41CO150 blocks 1, 2A and 

2B; Colluvial Slopes: 41DN102 block 2 and 41DN27 block 1; Terraces: 41DN372 block 1 and 

41DN102 block1) to establish fragmentation, differential weathering and surface weathering of 

bones in each scenario.  

1)  In order to assess if there is a significant difference in fragmentation between the four 

geomorphic settings, a Kruskall-Wallis Test was conducted by examining the median values of 

fragmentation found in each setting. 

2)  Differential weathering of humeri and tibiae between geomorphic settings was 

evaluated by comparing the frequency of distal and proximal humeri and tibiae to the four 

geomorphic settings. 

3)  Measurement of the impact soil weathering played in different geomorphic settings 

comprised of a Kruskal-Wallis Test comparing the median degrees of soil weathering between 

geomorphic settings. 

4)  Two methods were employed for examination of the variability in texture across 

different geomorphic settings. 

A) A Kruskal-Wallis test was conducted for insight into whether a significant 

difference between the median texture of each site played any role into the degree of 

fragmentation present at a site.  

B) All fragmentation and texture values were combined for all 10 sites/blocks to 

examine if a difference was present in degree of fragmentation when texture changed. 
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Three chi-square tests of independence (for clay, silt, and sand) were conducted by 

comparing the four texture categories (very high, high, moderate, and low) with the NSP 

and NUSP. 

The second way geomorphic settings were analyzed was to compare all 10 sites/blocks to 

one another in a Kruskal-Wallis test. A Kruskal-Wallis test was conducted three different times 

to examine the variability within and between all 10 samples for fragmentation, differential 

weathering, and soil weathering. 

  



69 

CHAPTER 5  

RESULTS 

The following results are presented in order of the three taphonomic variables described 

in the methodology section. Statistical test results will be presented in summary form within each 

variable description and graphically in Appendix A. While the intrasite results report findings 

about each site, they are arranged by geomorphic setting to facilitate the transition to intersite 

analysis. The results of the statistical tests used to establish fragmentation, differential 

weathering and soil weathering are described in the following section. 

 

5.1 Intrasite Results 

While no published case studies directly define break points for distinguishing high, 

medium, and low fragmentation indexes, Wolverton et al (2008) developed a model describing 

fragmentation (Figures 13, 14) where the higher the fragmentation index is, the more fragmented 

it is. A fragmentation ratio of 20:1 (NSP: NISP = 20) would indicate a very fragmented 

assemblage since only one out of every 20 specimens was large enough to be identifiable. In 

contrast, a 3:1 ratio (NSP: NISP = 3) would indicate a well preserved assemblage. The 

fragmentation index for each level of the analyzed sites is listed in the site summary tables 

(Appendix A).  Correlations between all of the sites analyzed during this study were conducted 

to examine each variable discussed in the previous chapter (Table 5.3). 

 

5.1.1 Intrasite Results: 41DN99 

Intrasite analysis shows several interesting results for 41DN99 Block 1. Level (11) is 

associated with the highest lithic density and also has the highest fragmentation index (Appendix 



70 

A.1). 41DN99 has a high, positive relationship between lithic density and the fragmentation 

index, although it is not a statistically significant result. The fragmentation index of 41DN99 is 

more similar to the terrace sites (41DN372 and 41DN102 Block 1) as seen in (Figure 5.1) than it 

is to 41DN103, the other floodplain site.  

 
Figure 5.1 Fragmentation of 41DN99 and terrace sites 

 

The highest soil weathering is found in level 7, which is the middle of the B horizon, and 

thus where the clay bulge is, indicating possible translocation of artifacts during post burial 

processes. The high percentage of soil weathering in level 7 is thus likely a result of geologic 

impacts on preservation that occurred during the post burial phase of taphonomic events. 

Although the average stage of burning noted on the specimens was less than 2 for any given 

level at 41DN99, burning is higher in the first 3 levels and level 8 compared to the rest of the 

site, which was likely a stable living surface, indicating that increased burning is attributed to 

natural characteristics rather than cultural. In level 8, there is an increase in the fragmentation of 
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the faunal specimens (NSP: NISP = 8.93), as well as an increase in degrees of weathering and 

burning (Figure 5.2). It appears that given all of these increasing attributes, a stable surface was 

present at this time. 

 
Figure 5.2 Surface weathering and burning attributes by level of 41DN99 

 

Geologic impacts appear to have had an important role on the faunal specimens at 41DN99. 

While there is not a statistically significant correlation between any of the variables, geologic 

attributes such as soil weathering, naturally caused burning, and surface weathering increase 

when surfaces are stable. Pre-burial taphonomic factors appear to have impacted the faunal 

specimens prior to burial, and then continued with soil weathering via the development of soil 

horizonation at 41DN99. 

 

5.1.2 Intrasite Results: 41DN103 

41DN103 is the second floodplain site analyzed, and is dominated by fine sediments such 
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as clay and silt. While not many specimens were collected overall (2,401), many of them were 

large enough to be identified as the overall fragmentation index is low. Level 1 has the lowest 

fragmentation index (1.00), but only 1 specimen was collected and identified. Due to this low 

sample size, level 1 was excluded from the analysis. 

The uppermost level of the Late Archaic component (level 6) has the highest lithic 

density, mussel density, and bone density (Appendix A.2), indicating that there was a high 

occupation intensity and the surface was stable for extended periods of time. Level 2 has the 

highest degree of burning (.6471), while the other levels average .3929. This increase in burning 

is only found at the uppermost surface level, indicating that similar to 41DN99, surface burning 

seems to have impacted the condition of specimens prior to burial and preservation. 

Substantial soil weathering was recorded at 41DN103 (ranging from 56-85% across all 

levels). While measurements of CaC03 were not collected during excavations at 41DN103, 

mussel density is much greater than at 41DN99 which may account for the increased presence of 

soil weathering on faunal specimens. 

 

5.1.3 Intrasite Results: 41CO144 

5.1.3.1 Block 1 

 At Block 1 of 41CO144, taphonomic markings increase in stages of surface weathering 

and soil weathering while bone density decreases beginning in level 8 to more recent occupation 

levels (Appendix A.3). 

While Ferring and Yates (1997) found a connection between increased burning and less 

deterioration of deer specimens in Block 1, this same pattern is not seen when all taxa were 

analyzed (Figure 5.3) during this study. 
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Figure 5.3 Relationship between burning and fragmentation index at 41CO144 Block 1 

 

 Faunal specimens from levels 9-13 are from a single unit that was fine screened, so the 

overall identified specimens were from small animals. The increased bone density in these levels 

is a result of that single unit containing so many small specimens. 

 

5.1.3.2 Block 2 

Overall, the fragmentation index for Block 2 was lower than Block 1 at 41CO144, but so 

were the sample sizes. Additionally, the very large fragmentation index from level 5 increased 

the overall fragmentation of the block since it was so large. The “fragmentary condition [of the 

specimens] rendered (them) undiagnostic” (Ferring and Yates 1997:117), which explains the 

reduced NISP in Block 2. Level 5 of Block 2 stands out as having a very high fragmentation 

index (48.5) compared to the rest of the site. No differences in surface weathering, burning, or 

lithic density was present at this level to suggest different geologic or occupational 

circumstances accounting for the increase in fragmentation. Post burial alterations are not an 

apparent cause for the unidentifiable remains since Soil weathering was only noted on one of the 
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two identified specimens. When chronometric analysis is considered, it makes sense that as the 

sedimentation rate “waned through time” (Ferring and Yates 1997:108) a lower NISP was found 

in the lower portion of the block, and thus a lower fragmentation index as a result of sample size. 

At 41CO144 Block 2, human occupation (measured through lithic density) and Bone 

Density (number of faunal remains per meter3 excavated) mirror one another throughout the 

occupation of the site (Figure 5.4). This indicates that the overall occupation intensity does not 

seem to be attributable to any changes in the amount of bone being deposited in level 5. 

 
Figure 5.4 41CO144 Block 2 occupation intensity and bone density 

 

While none of the other taphonomic factors appear to account for the higher 

fragmentation index associated with Level 5, a clearer understanding of the effects on 

fragmentation from site formation processes becomes apparent when texture is examined (Figure 

5.5). 
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Figure 5.5 Soil texture from 41CO144 Block 2 

 

In a site that is primarily dominated by clay and silt, percentage of sand increasing during levels 

4-6 occurs at the same time the fragmentation increases. This shows that texture changes within a 

site have a large impact on the preservation of faunal specimens within the levels of different 

texture. Occupation intensity, as seen through lithic density, appears to rise and fall with the bone 

density.  

 

5.1.3.3 41CO144 Summary 

The two blocks were excavated only 2 meters apart, though block 2 was stratigraphically 

below Block 1 and contained fewer faunal specimens (Ferring and Yates 1997). Several Mann-

Whitney tests were conducted to determine if a difference was present between Block 1 and 

Block 2 of 41CO144, but no difference was found for the degree of surface weathering. Neither 

block had a stage of weathering higher than 2, which would indicate shorter term stable surfaces 

for both blocks as was expected for a rapid sedimentation rate setting. 
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A significant difference within 41CO144 was found when average degree of burning was 

examined (U= 17.5, p <.05). Burning was much higher (mean rank of 13.5) in Block 1 compared 

to Block 2 (mean rank of 6.5). This may be a result of reduced sample sizes and identified 

specimens in the lower levels of Block 2.  Fragmentation was not found to be significantly 

different within 41CO144 (U= 33.000, p >.05).  

No significant difference in degrees of soil weathering was found between the two 

blocks. Soil weathering is higher in Block 1 (mean rank of 11.64), but significantly compared to 

Block 2 (mean rank of 9.71). Additionally, the percent of soil weathering decreases with depth in 

both blocks (Appendix A.3 and A.4).  

 Overall, the fragmentation Index was greater in Block 1 compared to Block 2. While 

mussel density was not recorded for either block, CaC03 was greater in Block 2, which 

contributed to a reduced soil pH, and less soil weathering. 

 

5.1.4 Intrasite Results: 41CO150 

Site 41CO150 contained 3 blocks (Appendix A.5 and A.6), all with different preservation 

results. Different excavation strategies were employed for recovering specimens for Block 1 and 

Block 2. Block 1 was excavated in 10cm intervals while Block 2 was excavated based upon 

visible occupation surfaces. 
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Figure 5.6 Fragmentation index for 41CO150 Block 1, 2A and 2B 

 

5.1.4.1 Block1 

41CO150 Block 1 has a low fragmentation index, except for level 1 (Appendix B). The 

high fragmentation index (33.0) is likely due to surface weathering, and was therefore excluded 

from the statistical analysis. Since the geomorphic location of Block 1 was “on a disconformity 

between middle Holocene and late Holocene floodplain sediments” (Ferring and Yates 1997:58), 

the deeper materials in Block 1 were buried more rapidly than those shallower, yet when the 

fragmentation index is examined, no statistical correlation was found. A low negative correlation 

was present, but when plotted, there appears to be little change in the fragmentation index with 

depth (Figure 5.7).  

Evidence of soil weathering is prevalent on the majority of identified specimens (average 

of 92%). CaC03 gradually increases with depth in Block 1. As clay content is high throughout all 
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levels, the increase in CaC03 is likely caused by vertical cracks from vertisols. Additionally, as 

depths increase, so did the NSP. 

Texture does not appear to have a significant impact on the preservation conditions as 

well. Levels 5-9 have a higher sand content, which also correlates with a reduced NSP. The 

reduced number of specimens does not appear to have a difference in the overall fragmentation 

Index for levels 5-9 as there are similar ratios despite differences in NSP. 

 
Figure 5.7 41CO150 Block 1 fragmentation by level 

 

5.1.4.2 Block 2 

Two strata were excavated at 41CO150 Block 2. While excavated at the same location of 

the site, stratum A and B have vastly different relationships between the variables tested. When 

fragmentation was plotted for 41CO150 Block 2, Block 2A has a distinctly lower fragmentation 

index for each of the levels (Figure 5.8), while Block 2B fragmentation values vary widely. This 

result leads to the question of why these two blocks should display such different properties, 

especially given that they are both from the same site in a cut-off channel (which should promote 

low fragmentation and high identifiability due to the rapid sedimentation).  
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Figure 5.8 Fragmentation by level at 41CO150 Block 2 

 

The overall Block 2B fragmentation index is 8.39 (Appendix A.6), but Block 2A has a 

much lower fragmentation index (5.42) than the combined value. Sample sizes are much larger 

in Block 2B, and along with different excavation strategies may have contributed to the different 

fragmentation and taphonomic signatures recorded on the faunal specimens. The different 

excavation strategies employed were employed due to different geologic contexts. Block 2A was 

excavated in arbitrary 10 cm levels, while 2B was excavated based upon visible occupation 

surfaces separated by sterile alluvial fill. In a geologic context, Block 2A is similar to a 

floodplain setting (Figure 5.9) since it was superposed above Block 2B and has a reduced 

fragmentation index similar to floodplain sites. This excavation method may have contributed to 

the lower fragmentation index in comparison to Block 2B since surfaces were stable only long 

enough for brief human occupation to be visible in the record. Additionally, much more 

variability in the fragmentation index can be seen in 41CO150 Block 2B (Figure 5.9) in 
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comparison to Block 2A and other floodplain sites. Again, this may be a direct result of discrete 

occupation preservation that shows different rates of sedimentation throughout the channel fill.  

 
Figure 5.9 Fragmentation index comparing 41CO150 Block 2A with floodplain sites 

 

 Block 2B has higher instance of CaC03 content, but lower mussel density. This may 

indicate that examining CaC03 alone does not alter the soil pH significantly enough to aid in 

preservation. A small negative correlation was found for both Block 2A and Block 2B with 

mussel density and reduced fragmentation index. While there was not a statistical difference 

between Block 2A and 2B, Block 2A had nearly twice the average mussel density and half the 

fragmentation index of Block 2B (Appendex A.6). 

 Burning is higher in Block 2A than 2B, although there is no evidence of burning in the 

lowest 4 levels of Block 2B due to low sample sizes. Even discounting these levels which lower 

the mean degree of burning for the block, burning is still lower (0.28) in comparison to Block 

2A. This would support the initial site interpretation that increased burning aided preservation of 

faunal specimens (Ferring and Yates 1997). The two levels of Block 2B with the highest burning 



81 

(2-3) also have the lowest amount of soil weathering noted. It is likely that the taphonomic 

markings of burning obscured any additional markings such as surface or soil weathering. 

 

5.1.5 Intrasite Results: 41DN102 

41DN102 contained two blocks: Block 1 was in a Terrace depositional setting at the edge 

of the distal floodplain, while Block 2 was in a Colluvial Slope environment. Additionally, three 

occupations were identified at 41DN102: Late Prehistoric (LP), Late Archaic (LA), and Middle 

Archaic (MA). Because of these variations between geomorphic location and age of artifacts, 

statistical tests were run at multiple scales to understand how geologic impacts affected faunal 

remains under different conditions. The results of the two depositional environments will be 

presented first, and then those based upon occupation. 

 

5.1.5.1 Block 1 

 Occupation intensity of Block 1 at 41DN102 is well represented by the lithic density. 

When the lithic density increases in levels 2-3, so do bone and mussel density (Figure 5.10). 

Evidence of soil weathering decreases with depth in Block 1, and is much higher during the Late 

Prehistoric occupation (61% of the specimens). This is higher than even the overall average 

amount of soil weathering found for the entire site, which was 53% (Appendix A.7) when level 9 

was excluded due to a low sample size. An increase in soil weathering should have negatively 

impacted the preservation conditions of bone, but the Late Prehistoric occupation has slightly 

better preservation compared to the Late Archaic component. 
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Figure 5.10 Occupation variables of 41DN102 Block 1 

 

Burning is highest in the lowest levels of Block 1 (7-9), which is also where the lowest 

NSP was recorded. This indicates that increased burning may cause increased fragmentation of 

faunal specimens and 41DN102. Surface weathering increased in the Late Archaic Occupation, 

which is also where burning was higher. The Late Archaic component of the site had a slightly 

higher (8.44) fragmentation index when compared to the Late Prehistoric component at Block 1. 

Overall, the fragmentation index of the two occupations of 41DN102 Block 1 were very 

similar, although different taphonomic aspects played a more significant role in each component. 

During the Late Prehistoric period, mussel density, lithic density and bone density are greater 

than the Late Archaic period which contributed to better preservation of the faunal remains. The 

increased preservation can be seen through the reduced fragmentation index (Appendix A.7). 

These factors examined through this study such as mussel density, lithic density, and bone 

density helped to mitigate increased fragmentation of bones through surface weathering.  
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With increased surface stability, bone density and NSP are expected to increase as higher 

occupation intensity was found through the increased lithic density. The higher bone density 

from the Late Prehistoric occupation is mediated by factors such as increased mussel density 

since the fragmentation index would be anticipated to increase with more bone exposed at the 

surface. The median stage of weathering for the Late Prehistoric occupation is lower than what 

was found in the Late Archaic occupation, showing that even though the faunal specimens found 

on the surface (Late Prehistoric remains) should have been exposed to more intense surface 

weathering from the stable terrace surface, the overall preservation was better. 

 During the Late Archaic occupation at 41DN102 Block 1, higher degrees of burning and 

surface weathering were noted on the recovered specimens. While the fragmentation index is not 

much larger than the Late Prehistoric occupation, occupation intensity is interpreted to have been 

reduced from the reduced lithic density (Appendix A.7). There is also a lower amount of soil 

weathering found (48%) during this occupation, which would have had a lower impact on 

fragmenting bone. When all of the variables examined are taken into account, the increased 

degrees of surface weathering played an important role in fragmenting the faunal specimens 

during the Late Prehistoric occupation. 

 

5.1.5.2 Block 2 

The results for Block 2 focus mainly on the specimens recovered from the Middle 

Archaic occupation as much of the upper levels (4-11) were discarded during excavation in an 

effort to focus on recovery of the older occupation. Appendix A.8 shows that the average degree 

of soil weathering, burning, and surface weathering is slightly lower during the Middle Archaic 

occupation in comparison to the entire block, but the few specimens recorded in the upper levels 
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appear to be more weathered, and are essentially outliers for the data of the block. In addition, 

level 24 of Block 2 was excluded from the analysis due to a low sample size. 

 
Figure 5.11 Taphonomic attributes of 41DN102 Block 2 

 

In Block 2 the degree of burning and surface weathering play important roles in faunal 

preservation. Level 6 and level 21 show important attributes of these two taphonomic signatures 

(Figure 5.11). In level 16, both the degree of weathering and degree of burning decrease while 

the fragmentation index increases to the highest (14.8). In level 21, burning and weathering are at 

their highest, but the fragmentation index is at its lowest (8.29) indicating that the more burning 

and weathering play a role in the taphonomic process, the less post burial processes impact bone 

preservation. 

Overall, the two blocks of 41DN102 had similar amounts of burning, soil weathering and 

surface weathering, regardless of differences in occupation or depth of burial. What was 

significantly different (Table 5.1) was the fragmentation index. Block 1, the Terrace setting, had 
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a much lower fragmentation index, supporting the hypothesis that when all else is equal, 

depositional environments do had an important impact of the fragmentation of faunal remains. 

Table 5.1 Comparison of the two depositional settings of 41DN102 

 Median Rank Values  

 
Block 1 

(Terrace) 
Block 2 

(Colluvial Slope) 
Test Result 

Fragmentation 
Index 

7.185 11.25 .038* 

Average Degree 
Burned 

.8265 .7000 .340 

Soil  
Weathering 

55.5% 56% .526 

Surface 
Weathering 

.4215 .3065 .203 

Note: * p< .05 
 

Another interesting result from the comparison is that cultural differences in burning were not 

found. This may mean that burned bone was not more common in any particular occupational 

time period and that other environmental factors such as resource availability played a larger 

impact of whether bone was burned or not, but having only one Middle Archaic site sample to 

examine, these cultural factors cannot be adequately understood. Additionally, it should be noted 

that even though two different depositional environments were examined, the %soil weathering 

was not significantly different. It was anticipated that soil weathering would be more evident on 

terrace settings since increased stability is associated with those environments, but this was not 

found at 41DN102. While %soil weathering appears to increase with depth in Block 2, no 

significant difference was found. 

5.1.6 Occupation 

 41DN102 Block 1 and 2 were compared to see if there was a difference between the 

occupations within the site. When statistical analysis was conducted at 41DN102 to determine if 
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the three occupations differed among the variables tested, data was combined for the entire 

occupation regardless of which block the specimens originated from. Block 1 contained LP and 

LA occupations, while Block 2 contained mainly MA occupation with some LA from the upper 

levels that were discarded. 

Table 5.2 Test results for differences in occupation at 41DN102 

 Median Rank Results Values  
 LP LA MA Test Result 

Fragmentation 
Index 

7.19 6.935 12.02 .003* 

Average Degree 
Burned 

.7657 .5777 .7748 .442 

Soil 
Weathering 

59% 50% 62.5% .013* 

Degree of 
Surface 

Weathering 
.2971 .3281 .33455 .021* 

Note: * p< .05 
LP=Late Prehistoric, LA= Late Archaic, MA= Middle Archaic 

 

A significant difference between the fragmentation index of the 3 occupations (LP, LA, 

and MA) was found (Table 5.2). At 41DN102, it appears that the older the occupation, the higher 

the fragmentation index (Figure 5.12).  This would indicate that age, and potentially depth of 

burial played an important part in the taphonomic condition of faunal specimens. Additionally, 

since the Middle Archaic component was found in the Colluvial Slope setting, differences in 

depositional setting conditions may have impacted to preservation conditions since a significant 

difference between the two settings was also found. 
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Figure 5.12 Fragmentation of 41DN102 by occupation 

 

 Soil weathering was also found to differ significantly between the three occupations 

(Table 5.2). Increased depth as well as a colluvial slope depositional environment may have 

added additional factors to the Middle Archaic deterioration through soil weathering. 

 The degrees of burning and surface weathering appear to be similar across occupations, 

despite different depositional settings. Both of these taphonomic attributes remain consistent 

across occupation as well as depositional setting, indicating that the pre-burial conditions of the 

entire site were similar.  

 

5.1.6.1 Intrasite Results: 41DN27 

 41DN27 is located in a colluvial slope depositional environment of Lake Lewisville. 

Because of the depositional environment, 41DN27 does not have any significant correlations 

between many of the variables. Except for Level 1, which had extremely high fragmentation 

ratio (87.5) the fragmentation ratio varies widely with depth of burial. Additionally, burning 

appears to increase slightly with depth (Figure 5.13), but there is no significant correlation. Level 
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10 has the highest lithic density by far compared to the other levels (Appendix A.9), and is 

associated with the weathered bedrock from the R horizon. This indicates that lithic intensity 

does help to establish occupation intensity at 41DN27 because it was likely a stable surface for 

much longer than any other horizon. 

 
Figure 5.13 Taphonomic characteristics of 41DN27 

 

At 41DN27, all levels displayed at least a moderate degree of soil weathering was present. Upon 

closer examination, this is solely evidenced by the presence of etching and staining from roots. 

There is no evidence of calcium carbonates, or rolling as a result of translocation of bones. 

Because the soil texture is dominated by sand throughout the profile, the fragmentation index 

remains unaffected. The stability of the dominant texture appears to provide constant post-burial 

conditions in the form of soil texture. Additionally, it appears that the changes in mussel density 

have an inverse relationship with soil weathering that indicates an increase in mussel density 

means reduced evidence of soil weathering. 
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Figure 5.14 41DN27 Soil texture 

 

5.1.6.2 Intrasite Results: 41DN372 

Compared to some of the other sites, 41DN372 showed low degrees of fragmentation, 

which is contrary to what is anticipated to be the preservation conditions of a sandy terrace site. 

There was low evidence of soil weathering noted.  Although the average surface weathering 

stage was still low, there were some specimens with high (4-5) stages of surface weathering 

recorded. Considering the large number of specimens recorded, overall very few displayed 

advanced signs of surface weathering. It may be that 41DN372 falls within the area of the curve 

described by Marshall and Pilgram (1993) where fragmentation becomes so high that you can no 

longer identify specimens, resulting in a lower fragmentation index.  

41DN372 showed a significant difference between the fragmentation of the two 

occupations (Figure 5.15) (U=2.0, p < .05). Fragmentation is higher in the Late Prehistoric 

occupation, which are the uppermost levels of the excavated block. 
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Figure 5.15 Mann Whitney Test results for fragmentation based on occupation of 41DN372 

 

5.2 Intrasite Summary Results  

5.2.1 Intrasite Summary: Fragmentation 

Correlations were calculated to determine the relationship between multiple variables and 

the degree of fragmentation within each site. It was common among the sites for the uppermost 

level to have a different fragmentation index compared to the rest of the site (Appendix B). 

41CO144 Block 2 has a very unique situation where level 5 has a much higher fragmentation 

index (48.50) compared to the rest of the site, or any other site (Appendix B). A moderate 

positive correlation was found for two of the sites: 41DN99 Block1 (rho (9) = .645, p <.05) and 

41DN102 Block 2 (rho (21) = .511, p < .05).  

While none of the sites showed a significant correlation between Lithic Density and 

Fragmentation, it is interesting to note that 6 of the 10 sites showed a negative relationship 

between the two variables (Table 5.3). This indicates that when occupation intensity was higher, 

the degree of fragmentation was lower at many of the sites. Despite finding statistically 

significant results, there is a difference between the relationships of the variables nonetheless. 

Sites in the cut-off channels, where distinct occupation levels are evident (41CO144 and 
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41CO150) have a negative relationship with lithic density, while the other geomorphic settings 

do not. This suggests something different is occurring in cut-off channel locales. 

Table 5.3 Intrasite fragmentation correlation results 

Correlation 
Test 

DN99 
Block1 

DN103 
Block1 

CO144 
Block1 

CO144 
Block2 

CO150 
Block1 

CO150 
Block2 

A/B 

DN102 
Block1 

DN102 
Block2 

DN27 
Block1 

DN372 
Block1 

Depth .645* 
p=.032 .107 .037 .107 -.371 .500/ 

.042 -.310 .511* 
p=.013 -.401 .673* 

.033 

Lithic .464 .214 -.024 -.108 -.147 -.500/ 
-.382 .429 - -236 -.079 

CaC03 .678* 
p=.055 - .112 -.378 -.169 .500/ 

.166 - - - - 

Burn -.264 -.429 .358 .259 -.157 .600/ 
.031 -.429 .411 .110 -.370 

Mussel 
Density -.451 .286 - - .273 -.300/ -

.334 .587 - -.516 -.188 

Soil 
Weathering .073 -.107 .024 -.107 .470 -.205/ 

.012 .431 .254 .352 -.353 

Note: * p< .05 
  

 The Spearman correlations conducted between CaC03 and degree of fragmentation for 

each site resulted in only one site, 41DN99 Block 1, having a moderate positive correlation (rho 

(9) = .678, p< .05). The lack of a strong relationship between CaC03 and improved preservation 

is surprising considering the visual increase in CaC03 with bone density at many of the sites. 

When CaC03 was measured at the sites, two had negative correlations (41CO144 Block 2 and 

41CO150 Block1), which is what would be expected if CaC03 increase had an impact on 

preservation since a high CaC03 was present with increased bone density (Appendix A). In 

several of the sites, a correlation with increased mussel density and lower fragmentation index 

was noted, which indicates that the presence of additional calcium in any form aids faunal 

preservation. The highest mussel density varies widely by site (Figure 5.16), with 41CO150 

having the density overall among the three blocks. 

 Surprisingly, none of the sites showed a significant correlation between the average 

degree of burning and fragmentation index. This was unexpected since original analysis of the 
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assemblages indicated that increased degrees of burning seemed to correlate with less 

deterioration (Ferring and Yates 1997, 1998). Despite the fact that no significant statistical 

correlation was found among the sites examined, there is a wide variation in the correlation 

between degree of burning and fragmentation 

 
Figure 5.16 Mussel density by site 

 

Mussel density was found to be much higher at 41CO150 compared to the other sites in 

the study (Figure 5.16).  At 41CO150 Block 2A, which is comparable to the other floodplain 

sites (41DN99 and 41DN103) in terms of the relative sedimentation rates and sedimentary 

conditions, the mussel density is vastly larger than the comparison sites, and even the other 

blocks at 41CO150. While this vast difference in mussel density was found for that block, it does 

not appear to have impacted the degree of fragmented specimens since a very low, negative 

correlation was found (Table 5.3). 
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5.2.2 Intrasite Summary: Fragmentation by Occupation 

Three of the sites (41DN99 Block 1, 41DN103 Block 1, and 41DN372 Block 1) had Late 

Prehistoric (LP) and Late Archaic (LA) occupations. Within each site, the occupations were 

compared through a Mann-Whitney test. A fourth site, 41DN102, had three occupations: Late 

Prehistoric, Late Archaic, and Middle Archaic (MA). A Kruskal Wallis test was conducted to 

assess the fragmentation differences between the three occupations. The fragmentation indices 

for each site are summarized below (Table 5.4) along with the test statistics. 

Table 5.4 Fragmentation index for sites with multiple occupations 

Occupation 41DN99 41DN103 41DN372 41DN102 
Late 

Prehistoric 
6.15 3.71 4.72 8.09 

Late Archaic 8.19 2.87 3.95 8.53 
Middle 
Archaic 

- - - 12.27 

Test Statistic 
.042* 

U = 25.00 
.857 

.032* 
U = 2.0 

.003* 
H=11.562 

Note: * p< .05 
 

While both floodplain sites examined had multiple occupations, only one (41DN99) 

showed a significant result for differences between the fragmentation index based on occupation. 

The mean rank for LP occupation was 3.25 while the mean rank of LA occupation was 7.57. 

This may be a result of texture, since both sites should have had similar rates of sedimentation. 

 

5.2.3 Intrasite Summary: Differential Weathering 

Sites with more than one block were analyzed for differential weathering within each site. 

The total number of distal and proximal ends of humeri and tibiae were calculated for each site. 

These elements were selected for their survivability, and the known difference in density 
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between proximal and distal ends of the two long bones. Sample sizes were not large enough to 

calculate differential weathering on a level by level basis, and more than 20% of the frequencies 

were less than 5 so that a chi-square test was not appropriate. Total specimens per block are 

represented below in Table 5.5 as well as the Fishers exact test result. No significant difference 

was found within any of the sites tested to show that differential weathering was significant 

within sites with multiple blocks; thus differential weathering is unlikely to vary much within a 

single site sample. 

Table 5.5 Intrasite results for differential weathering in sites with multiple blocks 

Site 
Proximal 
Humeri 

Distal 
Humeri 

Proximal 
Tibiae 

Distal 
Tibiae 

Fishers 
Exact 
Test 

41CO150 Block 1 0 4 2 6 
.313 41CO150 Block 2A 2 11 11 7 

41CO150 Block 2B 4 10 19 22 
41CO144 Block 1 2 1 10 3 

.106 
41CO144 Block 2 3 1 1 2 
41DN102 Block 1 1 5 9 9 

1.000 
41DN102 Block 2 0 1 3 2 

 

5.3 Intersite Results 

 Intersite results were calculated for fragmentation index, %soil weathering, burning, and 

surface weathering for each site/block within each geomorphic setting to determine if each 

variable was consistent across a depositional setting. The results that follow are organized by 

comparison within each geomorphic setting. Table 5.6 displays the statistical test results 

conducted for the variables examined within each depositional setting. Most of the depostional 

settings show that there is a significant difference within each depositional setting, and 
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comments on conditions producing these results are presented within the discussion of each 

setting. 

Table 5.6 Intersite Mann-Whitney U and Kruskal-Wallis H test results summary 

 Floodplain Cut-Off Channel 
Colluvial 

Slope 
Terrace 

Test DN99 
Block1 

DN103 
Block1 

CO144 
Block1 

CO144 
Block2 

CO150 
Block1 

CO150 
Block2 

A/B 

DN102 
Block2 

DN27 
Block 

1 

DN102 
Block1 

DN372 
Block1 

Fragmentation 
Index 

.000** 
U= .000 

.223 .067 
.003* 

U = 9.126 
Soil 

Weathering 
.000** 
U=.000 

.000** 
H= 25.882 

.438 
.010* 

U = 6.653 
Degree 
Burned 

12.000* 
U=.016 

.004* 
H = 15.426 

.632 
.001* 

U = 10.232 
Surface 

Weathering 
.892 

.001* 
H= 19.826 

.020 
.000** 

U= .000 
Note: * p< .05; ** p< .01 
 

5.3.1 Intersite Results: Floodplain Depositional Setting 

When examining the fragmentation index for each of the levels for 41DN99 and 

41DN03, it is apparent that 41DN99 has much higher values (mean rank of 13) (Figure 5.17). 

DN103 has a mean rank of 4, indicating much larger sized fragments. Additionally, there is more 

variability in the fragmentation of 41DN99.  Additionally, 41DN99 had a much higher instance 

of soil weathering (median =15) compared to less soil weathering (median =6) found at 

41DN103. Burning was lower (median = 5.71) at 41DN99, compared to 41DN103 (11), which 

would support the hypothesis that higher instances of burning was associated with lower 

fragmentation. 
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Figure 5.17 Fragmentation Index for sites within the floodplain setting 

 

5.3.2 Intersite Results: Floodplain Texture 

 41DN99 and 41DN103 were compared to see if the texture differed significantly between 

the two sites. A significant result (rho .668, p < .01) was found when a Mann-Whitney test was 

conducted; therefore the null hypothesis that texture did not vary within a floodplain setting was 

rejected. Additionally, a correlation test was conducted to test whether differences in sand were 

related to the fragmentation index.  A strong correlation was found, and it appears that the higher 

the percent of sand at a floodplain site, the higher the degree of fragmentation was found (Figure 

5.18). 
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Figure 5.18 Correlation of percent sand and fragmentation of sites located in floodplain 

depositional settings 
 

5.3.3 Intersite Results: Cut-Off Channel Depositional Setting 

Cut-Off Channel sites were examined through 2 different processes. Initially, 41CO150 and 

41CO144 were compared for differences in fragmentation, burning, surface weathering, and soil 

weathering between the two sites. To further investigate how the two sites related to each other, 

all five blocks encompassing the two sites were examined through a series of Kruskal-Wallis 

tests for the variables. 

 

5.3.4 Intersite Results: 41CO150 AND 41CO144 Fragmentation 

A Mann-Whitney two-tailed test was conducted to determine whether the two sites 

overall had similar medians for fragmentation, soil weathering, burning, and surface weathering. 
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A significant result was found for soil weathering (U=46.5000, p< .01), burning (U= 102.5000, 

p<.01) and surface weathering (U=123.5000, p<.05). The null hypothesis that these three 

variables were the same across the cut-off channel sites is rejected, and the alternative is 

accepted that these variables are not consistent within a cut-off channel setting and differ 

between the two sites. When examining fragmentation, no significant difference was found 

between the two sites, indicating that despite the other differences in geologic impacts at the two 

sites, fragmentation was similar across the sites. 

 

5.3.5 Intersite Results: 41CO150 Block 1, 2A 2B and 41CO144 Block 1 and 2 

A Kruskal-Wallis test was conducted to determine if differences were present between 

fragmentation, soil weathering, degrees of burning, and surface weathering among the five 

blocks at the two sites. No significant difference was found between the fragmentation index of 

the sites, though significant results were found for the other variables tested. 

 When surface weathering was examined through a Kruskal-Wallis test, it was found that 

41CO150 Block 1 and Block 2A had much higher median ranks compared to the other sites in a 

cut off channel. Like surface weathering, burning was significantly different at 41CO150 Block 

1 and Block 2A with median ranks (32.00 and 34.93 respectively). When the median burning and 

surface weathering stages were plotted, as can be seen in Figure 5.19, 41CO150 Block 1 and 2A 

are significantly higher in surface weathering than the other sites. 41CO144 Block 1 also has 

much higher burning than the other blocks in a cut-off channel setting. 
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Figure 5.19 Surface weathering and burning within cut-off channels 

 

When all five blocks were examined together, the median rank values for soil weathering at 

41CO144 Block 1 and 2 (13.75 and 12.14) was much lower compared to 41CO150 Block 1, 2A, 

and 2B (36.75, 32.70, 29.40). Soil weathering appears to be different between site 41CO150 and 

41CO144 (Figure 5.20). The higher clay content associated with 41CO150 likely produced larger 

cracks in the vertic clays allowing an increase in CaC03 content, which is also shown through the 

measurement of soil weathering. 
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Figure 5.20 Soil weathering in cut-off channel sites 

 

5.3.6 Intersite Results: Colluvial Slope Depositional Setting 

In terms of the fragmentation for the colluvial slope sites (41DN27 and 41DN102 Block 

2), both sites appear to have similar degrees of fragmentation. No significant difference was 

found for the other variables tested (Table 5.6), indicating that the colluvial slope environments 

are overall fairly consistent in the geologic impacts on faunal preservation. This was an 

unexpected result considering that there are different occupation periods (Late Archaic vs. 

Middle Archaic) as well as differing depths of burial (41DN102 Block 2 is buried much deeper). 

Considering that there was a difference found for the Middle Archaic component at 41DN102, 

there should be more of a difference between the fragmentation index within the colluvial slope 

environment. 

Upon closer examination, there are differences present in the taphonomic results. While 

%soil weathering and degree burned are very similar (Figure 5.21), the fragmentation index and 

amount of Surface Weathering between the two sites show some variability. The fragmentation 

index is greater in 41DN27 than 41DN102 Block 2. These results likely come from the amount 
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of Surface Weathering noted at each site. Increased Surface Weathering is noted at 41DN102 

Block 2, along with a reduced fragmentation index. This means that the fragmentation index for 

41DN102 Block 2 is likely on the far right end of the fragmentation curve (Marshal and Pilgram 

1993), whereas 41DN27 is more in the middle since it displays higher fragmentation and less 

surface weathering. Both sites were affected by pre-burial surface weathering, but were exposed 

for different durations prior to their burial in colluvial sediments. A precise time range for 

exposure cannot be established as colluvial materials are mixed, and no radiocarbon samples 

were obtained from 41DN102 Block 2 (Appendix C). 

 

 
Figure 5.21 Colluvial slope taphonomic summary 
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5.3.7 Intersite Results: Terrace Depositional Setting 

When comparing sites in the Terrace depositional environments, numerous significant 

differences between the sites were found (Table 5.7). Soil weathering, the fragmentation index 

and average degree of burning were all significantly higher for 41DN102 Block 1. 41DN372 

shows very low median fragmentation, and lower degrees of burning. When the fragmentation 

index is examined, 41DN102 Block 1 is much higher. Something is different about this site. In 

this setting, it appears that increased degrees of burning associated with 41DN102 are associated 

with smaller fragment sizes. An additional site formation consideration for the preservation 

conditions in the terrace setting sites is that 41DN372 is also associated with a midden, and thus 

may have better preservation conditions than 41DN102 Block 1. The specific soil texture, pH, 

and Organic Carbon content of the midden area cannot be quantifiably analyzed to determine if 

those conditions affect preservation differently than what was analyzed for the entire site since 

no geologic data was collected at the time of excavation (Appendix A.10). 

Table 5.7 Terrace site taphonomic comparison 

 Fragmentation 
Index 

Soil 
Weathering 

Degree 
Burned 

Surface 
Weathering 

Test 
Result 

.003* .010* .001* .000** 

Note * p< .05; ** p< .01 
 

5.3.8 Intersite Results: 41DN102 Depositional Setting 

41DN102 Block 1 was compared to Block 2 to determine if a difference was present 

between fragmentation (Figure 5.22), differential weathering, and %Soil Weathering between the 

two blocks since they occurred in two different geomorphic settings. When the degrees of 

fragmentation between the two blocks were analyzed, a significant result was found (H (1) 
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=4.322, p < .05), indicating that fragmentation differs between the two depositional settings. 

Because 41DN102 has multiple depositional settings as well as occupations, fragmentation 

differences may not solely be a result of depositional setting. 

 
Figure 5.22 Fragmentation by Block 1 and Block 2 of 41DN102 

 

5.3.9 Intersite Results: Soil Weathering 

Table 5.8 Intersite summary of soil weathering 

 Floodplain Cut-Off 
Channel Colluvial Slope Terrace 

 
DN99 
Block1 

DN10
3 

Block
1 

CO14
4 

CO15
0 

DN10
2 

Block
2 

DN27 
Block 

1 

DN10
2 

Block
1 

DN37
2 

Block
1 

P .000* .000* .438 .010 

Non-parametric tests (Mann-Whitney) were conducted to see if soil weathering differed 

between sites in each depositional setting. For this taphonomic factor, 41CO150 and 41CO144 

were compared together, rather than analyzing all five blocks that encompass the cut-off channel 
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setting. The amount of soil weathering was found to differ significantly between the Floodplain 

as well as the cut-off channel sites. For sites located in a floodplain setting, sites with higher 

percentages of clay are associated with increased evidence of soil weathering (Appendix A: 1 

and 2). The increased clay, allows for more seasonal cracking of the floodplain clays and for 

more downward movement of carbonates. In the cut-off channels, the amount of soil weathering 

appears to be associated with the presence of CaC03 found at each site.  A significantly higher 

amount of CaC03 was found at 41CO150, indicating that a higher presence of CaC03 contributes 

to the increased amount of soil weathering overall noted between the sites as is also seen when 

all five blocks were compared (Figure 5.20).  

 

5.3.10 Intersite Results: Differential Weathering 

Each site was plotted against the zones of destruction described by Binford (1981) to 

determine if differential preservation was present at each site. When examining differential 

preservation based upon the tibiae (Figure 5.23), 41CO150 Block 2A and 41DN27 display no 

differential preservation at all while the other sites fell within the zone of destruction. Almost all 

of the sites show some degree of destruction based upon the humeri (Figure 5.23), though ratio 

values do not determine which type of destruction is present. When the humeri were examined 

for differential weathering, 41DN103 and 41CO144 Block 2 displayed no differential 

preservation. While preservation of faunal elements is known to vary by age and taxa, sample 

sizes were not adequate to establish this as a possible reason for the difference.  
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Figure 5.23 Ratio values of distal and proximal humeri and tibiae for each site 
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 An important aspect of interpreting the differential preservation of humeri and tibiae from 

the differential destruction figure (Figure 5.23) is to note that different sites display different 

characteristics of destruction depending on which element is examined. An additional aspect of 

the ratio value plots is that between the humeri and tibiae, all sites in this study show that some 

sort of destruction has taken place. One possible explanation is that differences in sample sizes 

between the sites may have influenced which portions of the elements were recovered. Another 

factor influencing the different outcomes by element may be element density. 

 Additionally, evidence of destruction noted from these figures shows that different blocks 

of a same site do not display the same results. For example, 41CO144 Block 1 and Block 2 have 

very different results when looking just at the destruction of humeri- Block 1 shows significant 

destruction while Block 2 shows none. For cut-off channel environments, small changes in 

depositional environments may explain the difference since different depositional histories are 

present in different blocks. 

Sites in each depositional environment were examined to determine if differential 

weathering/preservation was consistent between sites. Fisher’s exact tests were conducted for 

each depositional environment due to small frequencies in each category (Table 5.9).  

Table 5.9 Fisher’s exact results for differential preservation of distal  
and proximal humeri and tibiae 

 Floodplain Cut-Off Channel 
Colluvial 

Slope 
Terrace 

Fisher
s 

Exact 

DN99 
Block

1 

DN10
3 

Block
1 

CO14
4 

Block
1 

CO14
4 

Block
2 

CO15
0 

Block
1 

CO15
0 

Block
2 A/B 

DN10
2 

Block
2 

DN2
7 

Bloc
k 1 

DN10
2 

Block
1 

DN37
2 

Block
1 

p .107 .032* .864 .458 
E Value 5.412 20.420 1.198 2.758 
Note: * p< .05 

While no significant results were found between most of the sites in each setting, there is 
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an obvious difference in the differential preservation. The cut-off channel environments have 

much more variability between the sites in terms of differential preservation of humeri and 

tibiae, which can also be seen in Figure 5.23. Additionally, the data in Table 5.9 show that the 

colluvial slope and terrace settings have similar statistical values, while the floodplains and cut-

off channels settings are very different from one another.  The colluvial slope and terraces tend 

to have similar soil textures dominated by sand (Appendix A). Cut-off channel settings did not 

have low fragmentation, and in fact the faunal specimens at 41CO144 were noted to be so 

deteriorated that many were unidentifiable to any taxa. The differences shown in the floodplain 

and cut-off channel settings can also be attributed to the fluctuating fragmentation index found at 

41CO150 Block 2; within that site, variability in the preservation of faunal specimens varies 

widely. 

 

5.4 Geomorphic Setting Results 

 To test the differences that occur from geologic impacts on faunal preservation at the 

geomorphic position level, each of the variables evaluated for intrasite and intersite analysis were 

summarized for the sites across each geomorphic setting (Table 5.10). 
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Table 5.10 Descriptive statistics of each geomorphic setting 

Test Floodplain Cut-Off 
Channel 

Colluvial 
Slope Terraces 

Fragmentation 
Index 5.32 7.42 10.17 6.15 

Median Burning .705 .154 .710 .577 
Median Soil 
Weathering 41.5 79.5 54.5 22.0 

Median Surface 
Weathering .175 .415 .162 .129 

Significant differences were found for all categories analyzed in Table 5.11. While all 

four of the taphonomic categories analyzed showed significant differences, not all of the factors 

showed the same geomorphic settings, or even number of settings that were different when the 

basic numbers are examined. Because of all the intricacies and specific conditions present for the 

factors considered, each factor will be explained in detail separately. 

Table 5.11 Kruskal Wallis test results between geomorphic settings 

 
Fragmentation 

Index 
% Soil 

Weathering 

Average 
Degree of 
Burning 

Average 
Degree of 
Surface 

Weathering 
H 

Value 
18.282 33.749 22.754 11.946 

p value .000** .000** .000** .008** 
Note: ** p <.01 

 

5.4.1 Geomorphic Results: Fragmentation 

The NISP:NSP ratio provides a general idea of the fragmentation of a site (Lyman 

2008:266), and has been applied to assess the overall preservation conditions of several sites in 

Texas (Wolverton et al 2008:15). Figure 5.24 depicts the median fragmentation for each setting 

in comparison to two well preserved rockshelter datasets (Yeshurn and Bar-Oz 2008). 
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From the data in Figure 5.24, it is surprising that Cut-Off Channels have a higher median 

fragmentation value than do Floodplain settings. It appears that in the sites analyzed through this 

study, the rapid burial and discrete occupations characteristic of Cut-Off Channel settings does 

not mean a lower fragmentation index. Additionally, none of the geomorphic locations come 

close to the fragmentation of a well preserved Rockshelter.  

When fragmentation was examined for any difference between geomorphic settings, a 

significant result was found (Table 5.11), confirming the visual difference seen in Figure 5.24. 

Floodplains and terraces had a similar mean rank (43.47 and 43.19 respectively) when examined 

through a Kruskal-Wallis test. Colluvial slope settings have the highest fragmentation index. The 

is likely the result of the faunal specimens originating on a stable terrace setting, and then being 

subjected to further destructing processes during the transition into a different depositional 

setting. 

 
Figure 5.24 Fragmentation index for geomorphic setting 

Note: Rockshelter data used for comparison from Yeshurn and Bar-Oz (2008) 
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5.4.2 Geomorphic Setting Results: Burning 

A significant difference in the medians of burning between geomorphic settings was 

found when a Kruskal-Wallis test was run. Cut-off channels had the lowest mean rank (41.70) 

which caused the null hypothesis to be rejected because it was much lower than the other 

settings. Burning, either as a result from cultural or natural actions is not consistent across the 

geomorphic settings, making it difficult to evaluate its’ impact on faunal preservation. Each site 

had different site formation histories, some with evidence of natural burning and others with 

inconsistent patterns. What can be taken from the burning across the geomorphic settings is that 

even though differences are present in the degrees of burning between each setting, that overall 

the burning found at the site in the Trinity River show very small degrees of burning on the 

identified specimens. The relationship of lower degrees of burning but increased fragmentation 

of the faunal specimens may support the hypothesis that increased degrees of burning improve 

faunal preservation, but cannot be proven with this dataset and analysis. 

 

5.4.3 Geomorphic Setting Results: Soil Weathering 

The percent soil weathering across geomorphic settings was found to be significantly 

different. Percent soil weathering had the highest H tests statistic of the variables tested (Table 

5.11), which indicates that the most variability was found for soil weathering between 

geomorphic settings. Upon closer examination of the mean ranks, cut-off channels had the 

highest (80.31) and terraces had the least (29.44). It was anticipated that evidence of soil 

weathering would have been found to increase with different horizons, and with an increase in 

clay soil texture, as well as when distinct horizons were present on the terraces. The increase in 

soil weathering was not found to be associated with particular horizons, but the clay rich sites in 
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the Cut-Off Channels had evidence of soil weathering on almost all of the specimens recorded. 

This increased presence of soil weathering may also have attributed to the increased degree of 

fragmentation found in this geomorphic setting as well. 

 

5.4.4 Geomorphic Setting Results: Surface Weathering 

Surface weathering was significantly different among the geomorphic settings. While a 

significant result was found (H (3) = 11.946), it was the taphonomic variable tested with the least 

amount of difference among the settings. This does not support the original hypothesis that 

increased sedimentation rates lead to decreased surface weathering since all geomorphic settings 

had been subjected to this taphonomic process. The cut-off channel setting was the one that 

differed most (mean rank of 72.83) while the other settings were close to a mean rank of 50.00. It 

is interesting to see that the Cut-Off Channels had the highest mean rank when they did not have 

the highest degree of fragmentation and had the lowest degree of burning for any of the settings. 

 

5.4.5 Geomorphic Results: Differential Weathering 

To determine if and how differential weathering varied among geomorphic position, the 

frequencies of distal and proximal tibiae were analyzed through a Fisher’s exact test (Table 

5.12). 
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Table 5.12 Differential weathering by geomorphic position 

 Floodplain 
Cut-Off 
Channel 

Colluvial 
Slope 

Terraces 

Proximal/Distal 
Humeri 

3/12 11/43 5/16 4/22 

Proximal 
Tibiae 

3/7 27/40 8/9 7/22 

Fishers Exact .806 

 

Because no significant result was found (P= 8.06), it can be assumed that differential 

preservation is consistent across geomorphic positions. Despite the low variability of differential 

preservation, information can still be taken from the results. First, there are almost equal 

frequencies of humeri (116) and tibia (123) which supports the interpretation that there is no 

difference in differential weathering across geomorphic settings. Second, the frequency of distal 

to proximal shows differences in geomorphic settings are present, though not detected with a 

statistically significance. There are more distal ends of both humeri and tibiae, which are the 

denser portion of the element. Since fewer proximal ends were identified, the lower density 

elements deteriorated more quickly in all settings despite changes in Soil Texture or 

sedimentation rate. 
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CHAPTER 6  

ANALYSIS  

The goal of this research was to determine what the original deposition of archaeological 

remains was by understanding how the geologic impacts of the natural environment had altered 

them. In order to accurately assess how the geologic variables of burning, soil weathering, 

Surface Weathering, soil texture and depth of burial impacted the faunal specimens, a muli-tiered 

statistical approach was conducted to examine each variable. Different scales of analysis of the 

data were needed to establish how each variable impacted the remains. A synthesis of the results 

for each geomorphic setting as well as the implications of site formation processes at each level 

follows. 

 

6.1 Summary of Intrasite Results 

For many of the sites in this study, the variables examined did not significantly change 

within the site. For sites with multiple occupations, different fragmentation, burning and soil 

weathering characteristics were noted between the occupations. 

The majority of sites had either a very low or very high fragmentation index associated 

with the uppermost level. This was almost always a result of small sample sizes, or where only 1 

specimen was identified from that level. This supports the hypothesis that sites such as terraces, 

had reduced Fragmentation Indices resulting from nearly all the specimens deteriorating beyond 

recognition if the same pattern was observed in all depositional environments. Some sites, for 

example 41CO150 showed vast differences between the fragmentation index, degrees of 

burning, and additional variables between each level of the site which were explained by the 

differing depositional conditions seen with episodic alluvial deposition. The fragmentation index 
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for the sites examined in this study was higher than anticipated, even in depositional 

environments with increased sedimentation rates. 

Additionally, several sites showed increased degrees of burning in the uppermost levels, 

which was likely a result of surface fires. Burning in cut-off channel locations such as 41CO150 

and 41CO144 is not highest in the uppermost levels, but is found to be much higher in varying 

levels of depth. This is likely due to the episodic burial conditions of a channel. Additionally, 

since discrete living surfaces were discerned in 41CO150 during excavation, the different 

excavation strategies employed during excavation further highlight episodic occupation rather 

than an accumulation of artifacts over a given time period. 

Within each site, evidence of surface weathering did not vary greatly at any of the sites 

examined. Surface weathering stages appear to be higher in the uppermost levels of the sites in 

Floodplains and Colluvial Slope settings. For Cut-Off Channel Settings, evidence of surface 

weathering seems to vary with each level, which again in likely the result of episodic deposition 

of alluvial materials. Sites on a Terrace setting did not have increased surface weathering on the 

levels closer to the surface. The extremely low levels of recorded surface weathering at these 

sites can be attributed to the fact that terraces expose faunal specimens much longer to surface 

weathering, which leads to increased destruction and smaller fragments of bone left to recover. 

The large NSP found on the terraces, in addition to the very low levels of surface weathering and 

a low fragmentation index all support the destruction of faunal materials to the point where fewer 

specimens could be identified and noted as having any presence of surface deterioration. 

Sites that were located in the Cut-Off Channel setting displayed increased soil weathering 

characteristics in the uppermost levels. Because soil textures did not change much between levels 

of each site, soil horizon development did not provide an explanation for changes in soil 
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weathering between levels at a site. What did change at many of the sites was the amount of 

CaC03 present, and the mussel density at sites where CaC03 was not recorded. While the 

development of CaC03 is a natural and mussel density is a cultural addition to the sediment as a 

site, both variables seem to be much more related to evidence of Soil weathering than to soil 

horizonation development. 

For all of the sites examined during this study, Soil Texture did not change significantly 

between the levels. While intrasite soil analysis could not be conducted, soil texture was able to 

be held as a constant throughout depth of the site so that additional geologic variables could be 

examined. Additionally, Differential Preservation was not conducted within a site to see if it 

varied by level or with additional variable due to small sample sizes. When sites such as 

41CO150, 41CO144, and 41DN103 contained multiple blocks, differential preservation was 

found to vary between the blocks of a single site. For the Cut-Off Channel sites, this is likely the 

result of episodic burial, and differing pre-burial conditions found to have occurred within each 

level of the sites. 

During this study, sites that contained more than one block displayed different depositional 

histories, and thus different preservation conditions. This shows that the site specific formation 

histories have a large impact on the preservation potential of a site, and that macro scale 

classification based upon geomorphic settings is not an accurate indication of faunal preservation 

in a given location. While testing a single location may be one of the most practical excavation 

strategies when investigating archaeological sites, entire site wide or basin wide interpretations 

should not be implemented based on a single location within a river basin as the variability is 

great within a small horizontal distance. 
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6.2 Faunal Preservation and Site Formation Processes 

Differential preservation was found to exist for all of the sites in this study when both the 

humeri and femur were examined. Site Formation Processes are divided into pre-burial and post-

burial conditions to examine each factor on its own merit. A continuum of the processes exists, 

and they are always altering the condition of faunal specimens in some way. The taphonomic 

impacts examined in this study were selected based upon the increased presence across all site to 

better understand site specific formations. 

 

6.2.1 Pre Burial Observations 

6.2.1.1 Sedimentation Rates 

Two sites had several charcoal samples that were used to establish changes in 

sedimentation rates within the site: 41CO150 Block 2 and 41DN99. Both of these sites showed a 

change in rates, but 41CO150 Block 2 showed an increase in the sedimentation rate, while 

41DN99 showed a decreasing rate in more recent times. More detailed dates from other 

Floodplain and Cut-Off Channel Sites would possibly show how these rates are changing across 

the basin, but these results highlight the fact that there is significant variability in sites that are 

typically characterized as a floodplain setting. 

 

6.2.1.2 Burning 

 In general, burning stages were low across all of the sites. While the original analysis saw 

a correlation with increased burning and less deterioration of faunal specimens, the same results 

were not duplicated during this study. In every geomorphic setting, except for the Cut-Off 

Channels, burning was found to be higher than the degree of weathering recorded. While the 
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average degree of weathering recorded was still low for each setting, different site formation 

histories were found in each depositional setting. On the large scale analysis of a geomorphic 

setting difference, increased burning appears to correlate somewhat with a reduced fragmentation 

index, but since the faunal specimens have been subjected to weathering conditions in all 

geomorphic settings prior to burial, it is not the only factor involved in the final preservation 

condition of the specimens. While not examined explicitly in this study, many of the faunal 

specimens were recorded as having some form of burning on them, although it was not an 

advanced stage of burning. It would be interesting to examine the stages of burning with cultural 

practices to see if there was a correlation between human processing of the bone, and fragment 

sizes of burned bone. 

 

Figure 6.1 Burning and Weathering in each depositional setting 
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6.2.1.3 Surface Weathering 

Since both burning and surface weathering were both very low across all settings (Figure 

6.1), additional variables must have contributed to more of the variance in fragmentation index 

across the sites and geomorphic settings. 

Evidence of surface weathering at all of the sites was very low. It was anticipated that 

surface weathering would have been lower in the floodplain and Cut-Off Channel locations and 

higher on the Terrace sites. The sites from the Terrace settings (41DN102 Block 1 and 

41DN372) appear to have the lowest stages of surface weathering which can be explained by the 

prolonged exposure of faunal specimens to surface weathering which resulted in very few 

identifiable specimens to record the weathering stage on. Additionally, it is important to notice 

that the Cut-Off Channel sites had the highest presence of surface weathering. This is a direct 

result of the fact that the stable living surfaces were exposed to surface weathering followed by 

rapid burial which preserved the weathered condition on faunal specimens. In this geomorphic 

setting, the fragmentation index was not highest or lowest because the rapid alluviation preserved 

the weathered bones before they had a chance to deteriorate beyond the state of being identified 

to element or taxa. 

While not evidenced by the sites in this study, it has been proposed that increased stages 

of burning contribute to better bone preservation (Ferring and Yates 1997, 1998). The low degree 

of burning noted across all sites in the Cut-Off Channels provides little evidence for protection 

for the bones, and at the same time promotes the hypothesis that even short term exposures to 

surface weathering deteriorates faunal remains in areas of rapid sedimentation. This hypothesis 

would place all of the sites in the Cut-Off Channels and even Floodplain sedimentary 

environment in the middle of the fragmentation curve described in Marshall and Pilgram (1993) 
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where evidence of fragmentation is beginning to decrease as a result of fewer fragments 

surviving to be analyzed. Evidence of surface weathering was noted on the faunal specimens at 

41CO144, substantiating the hypothesis that faunal specimens are still subjected to surface 

weathering deterioration. In these settings, Fragmentation is high because of the opportunity for 

surface weathering to occur, but the fragments themselves are preserved because the episodic 

sedimentation prevents the bone from deteriorating past the point of recognition. Along the 

Trinity River, all of the sites studied had a higher fragmentation index than a well preserved site 

such as a rockshelter (Figure 5.24). The Terraces had lower detected fragmentation than a Cut-

Off Channel because there was no episodic sedimentation to preserve the deteriorating bones. 

Occupation Periods 

While multiple occupations seem to have significant differences within a site (along with 

the test statistics. 

Table 5.4), when occupation is examined across all sites, a different pattern emerges 

(Figure 6.2). While the Middle Archaic occupation appears to have an increased fragmentation 

Index in comparison to earlier occupations, the Middle Archaic period was only found at a single 

site that it is characteristic of the colluvial slope setting. 
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Figure 6.2 Fragmentation by occupation period across all sites 

 

6.2.2 Post Burial Observations 

6.2.2.1 Soil Weathering 

It was hypothesized that different soil horizons would be associated with different 

degrees of soil weathering. Sites in a terrace setting were thought to have different soil horizons 

and a variable presence of deteriorated bones depending on the depth of burial. Soil weathering 

was found to differ between the two terrace sites tested, but not within the sites of this study.   

This means that within this study, soil horizonation did not show any relationship between 

differences in the %soil weathering noted on faunal specimens. Contrary to expectations, %soil 

weathering is the highest in the Cut-Off Channel settings and Colluvial Slopes the next highest 

(Figure 6.3). The difference in soil weathering across geomorphic settings may be a result of 

faunal specimens deteriorating prior to burial on a terrace setting, which leave a smaller amount 

of specimens to be identified as having signs of soil weathering. It may also be a result of the fact 
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that %soil weathering encompassed staining, root etching as well as CaC03 coatings in this study. 

CaC03 coatings may have played a larger impact on the overall percent of specimens to have soil 

weathering present than those with root etching.  

Further support of the importance CaC03 coatings may have played in the presence of 

%soil weathering noted at each site can be seen when soil texture is examined in conjunction 

with the presence of soil weathering. %soil weathering appears to increase with clay texture. The 

shrink-swell affects associated with floodplains and other clay rich soils allow for cracks to 

develop that act as tunnels for CaC03 to travel to greater depths at a site. For example, 41DN99 

(a sandy textured floodplain site) has much lower average soil weathering for entire site (33%) 

while 41DN103 (a clayey textured floodplain site) has (76%). A correlation between increased 

clay content and increased evidence of soil weathering can also be seen at 41DN372 in the Late 

Archaic Occupation. Clay increases from 12% in Late Prehistoric to a maximum of 35% in the 

Late Archaic and soil weathering evidence jumps relatively from 12.8% to 25%.  

.  
Figure 6.3 Soil weathering across geomorphic settings 
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 Depth of burial in relation to different horizons cannot be visually associated with 

changes in soil weathering noted on the faunal specimens of this study. 

 

6.3 Site Formation Processes in Depositional Environments 

6.3.1 Floodplains 

Floodplains are generally thought to be geomorphic settings with high preservation 

potential due to their proximity to river channels which provide for rapid burial conditions. In 

reality, a floodplain is exposed to long term surface weathering followed by very rapid burial 

during flood events. During the periods of stability, faunal specimens are still exposed to surface 

weathering conditions, and the potential to be gnawed on by various animals. This is shown in 

the Trinity River Valley by the fact that Floodplain settings have a relatively high fragmentation 

index in comparison to a rockshelter setting (Figure 5.24) and by the Slow to Moderate rates of 

sedimentation (Appendix C). When the two floodplain sites are examined jointly, high 

fragmentation degrees are found (Figure 5.17), although there is a difference found between the 

fragment sizes for the two sites. From this study alone, it is difficult to say for certain whether 

slow rates of sedimentation or textural differences caused this variation. Either way, preservation 

within the floodplain setting is not a constant, and floodplains should not be assumed to be 

settings where increased potential for preserved sites is guaranteed to be found. 

 

6.3.2 Cut-Off Channels 

 Variability was high between the five blocks designated as a Cut-Off Channel 

depositional setting. Two sites, comprised of five blocks, were categorized as being located in 

the Cut-Off Channel setting: 41CO150 (Block 1, Block 2A, and Block 2B) and 41CO144 (Block 
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1 and Block 2). The wide range in fragmentation index makes establishing common taphonomic 

impacts between the two sites examined complicated. What can be discerned is that Cut-off 

Channel depositional settings are impacted by more geologic agents than other settings 

examined, and because of this, more in depth knowledge is needed to understand how different 

geologic attributes beyond soil texture, soil weathering, burning, or mussel densities affect the 

preservation conditions. 

 Fragmentation in Cut-Off Channels was not the lowest of the geomorphic settings as was 

predicted, but instead was higher than floodplain settings, and varied widely within a particular 

site. Since all of the Cut-Off Channel sites were occupied during the same time periods (Late 

Archaic), the differences in fragmentation between the sites cannot be attributed to different 

cultural practices. Discrete occupation surfaces were preserved due to episodic high 

sedimentation rates, but the overall net rate of sedimentation for the Cut-Off Channel setting was 

not rapid (Appendix A). Depth of burial did not correlate with increased fragmentation, nor did 

many of the other attributes examined with this study. Faunal analysis noted that the specimens 

were fragmentary, and couldn’t be accurately identified better than “large animal” at 41CO144. 

This scenario was not described at 41CO150, which indicates that different depositional or 

geologic impacts affected the sites differently within the same geomorphic setting. Although 

different excavation methods were employed for 41CO150 Block 2A to emphasize the episodic 

occupations, a high fragmentation index was still found. This indicates that despite the potential 

for preservation conditions in this setting, that pre-burial conditions impacted the faunal remains 

prior to burial. It seems logical that cultures in the area were fragmenting bones prior to burial, 

since any evidence such as burning, or surface weathering are low in this setting. 
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Some form of soil weathering was found on almost all of the faunal specimens from the 

Cut-Off Channel sites. While 41CO150 had higher instances of soil weathering, both sites were 

extremely high in terms of the presence of soil weathering. This high percentage of soil 

weathering may have resulted in the differential preservation of humeri and tibiae as well as a 

reduced fragmentation Index on the faunal specimens that were identified. Additionally, the high 

clay content of the sites resulted in seasonal cracking, and increased presence of CaC03 into 

deeper deposits. 

 The research in this study showed that in all of the Cut-Off Channel sites examined, there 

was an overall higher fragmentation index than any other geomorphic setting. Discrete 

occupation horizons were noted and exposed in these settings, but the reason for the increased 

overall fragmentation index may be that the other Cut-Off Channel and Floodplain sites were 

still exposed to an increased degree of surface weathering which deteriorated the faunal 

specimens beyond recognition. This pattern is seen at 41CO150 Block 2B where the 

fragmentation index varies greatly by level, and where each excavated level was from a discrete 

occupation.  41CO150 Block 2B shows that even in geomorphic settings where rapid 

sedimentation exists, shorter durations of stability can still deteriorate the faunal assemblage to 

the point that many specimens are deteriorated beyond recognition.   

 

6.3.3 Colluvial Slope 

 The colluvial slope setting was analyzed through two sites: 41DN27 Block 1 and 

41DN102 Block 2. Taphonomic attributes analyzed under this study were consistent across the 

two sites. None of the variables tested during this research showed a significant difference 

between the two sites in a colluvial slope geomorphic setting.  
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 The colluvial slope setting had the highest fragmentation index in comparison to all other 

settings. The faunal specimens were initially located on a flat terrace setting, and exposed for 

increased times to surfaced weathering prior to being transported downhill to the colluvial slope 

environment. The two sites designated as colluvial slope depositional settings were not 

characteristic of mixed sediments as evidenced by the in situ features. The intact nature of these 

sediments may indicate a prolonged stable surface that attributed to the increased fragmentation 

found at the two sites. Since this is not a different scenario than a terrace setting, the reason for 

the increased fragmentation is related to a different geologic origin. This increase could be the 

result of increased physical disturbances of faunal specimens being transported down slope via 

erosion or landslides. 

 Despite the similar high fragmentation index, different occupations occurred between the 

sites. This indicates that despite the increased fragmentation index of 41DN102 Block 2 (a 

Middle Archaic occupation) compared to the Late Archaic/Late Prehistoric component of the 

same site (41DN102 Block 1) was a result of different geologic impacts- primarily increased 

destruction by physical movement of the faunal specimens. 

Additionally, it is possible that in this setting, texture does not play a significant impact 

on the preservation of faunal remains since the two sites have such different soil textures, but 

similar soil weathering and fragmentation index. This may be because the faunal specimens are 

not in their original context, so the pre-burial conditions were similar, and are the pre-burial 

conditions are the main factor in preservation of the colluvial slope environment. 

 

6.3.4 Terraces  

 Despite being classified in the same geomorphic setting, 41DN102 Block 1 and 
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41DN372 display different site formation histories confirming that a terrace location alone is not 

a comprehensive predictor of faunal preservation. Fragmentation is very different overall when 

41DN102 Block 1 and 41DN372 were compared. Differences in texture, as well as the fact that 

41DN372 was also in a midden setting may have contributed to the differences. 41DN372 has a 

much lower fragmentation index, despite much larger sample sizes. 

Sites in a terrace depositional setting had the lowest degree of surface weathering, 

contrary to what was anticipated. This may be a result of prolonged weathering of faunal 

specimens to the point where fragments were too small to be identified (Marshall and Pilgram 

1993).  

 

6.4 Applications to Alluvial Archaeology 

 It should be restated that the sites analyzed during this study had the best evidence of 

faunal preservation out of hundreds of sites identified during the lake impoundment surveys, and 

that is the reason they were selected for further investigation. In general, these sites had 

identifiable faunal remains while other sites may have had small fragments that could not be 

identified to a species, or element. Because many of the other sites not investigated did not 

contain any faunal specimens, it is important to examine multiple sites within a single river basin 

in order to interpret the site formation processes affecting faunal preservation.  

 In many instances, soil texture does not seem to have a significant impact on the 

preservation potential of faunal specimens when examined at the geomorphic setting level, but 

does seem to have an effect on intersite preservation. This does not mean that Soil Texture is not 

useful or doesn’t provide valuable information about site formation processes. The use of Soil 

Texture analysis provides necessary information to understand how and when sedimentary 
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environments changed, and to establish specific geologic difference between sites. Additionally, 

the use of soils also helps to identify changes in sedimentation rates and changes in geologic 

conditions that affect burial conditions. In the case of the sites examined from the Trinity River 

basin, pre-burial factors played a more significant role in the conditions of faunal specimens, and 

were minimally impacted by the soil conditions they were buried in. 

 

6.5 Major Findings 

One of the main results of this study is that geomorphic location alone is not a sufficient 

determination of preservation conditions as was previously assumed. In the Trinity River Basin, 

there was a wide variety in fragmentation index. It was anticipated that the terraces would be the 

most fragmented and cut-off channels the least fragmented because of the increased 

sedimentation rate in a cut-off channel. The fact that cut-off channels had a higher fragmentation 

index than both a floodplain and a terrace setting shows how fragmented the faunal specimens 

were prior to burial. In addition to examination at the geomorphic setting level, it was also found 

that many sites were strongly impacted by pre-burial conditions. So while we see some sites with 

better preservation, they are still not well preserved overall. Because of this, there was significant 

intersite variability within the same depositional environment making broad scale interpretations 

difficult to support. 

It was also found that different soil textures were associated with different degrees of soil 

weathering on faunal specimens. While soil weathering was moderately high across all sites, 

those with increased clay content were found to have more evidence of soil weathering on faunal 

specimens. This shows that even though pre-burial conditions such as surface weathering, impact 
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the condition and number of faunal specimens that can be preserved, the process of deterioration 

continues during post-burial. 

There was a difference in fragmentation between occupations found through this study. 

The older occupations had a higher fragmentation index. this may have been a result of soil 

compaction, but the one site with a Middle Archaic component did not support this hypothesis. 

This shows that in addition to the geologic conditions a site is found in, the preservation potential 

of a site is also dependent on the age of occupation. 

Lyman’s diagenesis equation (Equation 2) addresses the complexity of the geologic 

factors involved in the formation of archaeological sites. This research shows that each of the 

variables comprising the taphonomic history at a specific site change in degrees of importance as 

Lyman (1994) described. While some factors such as the “depositional mode”/depositional 

setting appear similar, there are still other variables that are more dominant to affect preservation 

at the intrasite level. This fluctuation in geologic impacts at a specific location explains much of 

the intersite variability found through this research. 

 

6.6 Further Research 

Further research should be conducted to better establish the cultural association of cut-off 

channel archaeological sites. Additionally, more research in general is needed to understand the 

entire formation history of sites located within cut-off channels as there appears to be significant 

variability for both intrasite and intersite locations. The Coffee site (Schmits 1978) is the only 

available site from a cut-off channel location available in the New World to aide in 

understanding how the site formation processes may have impacted the preservation of faunal 

specimens. It may be that more sites have been found in cut-off channel locations, but have not 
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been reported/published, or they could have simply been recorded as a floodplain location site. 

Regardless of the reason for lack of other comparable sites, the Trinity River Basin study has 

shown that they do exist, and provide small glimpses into an under studied prehistoric behavior. 

Comparison to other river basins needs to be done so that the patterns found in this 

research can be understood. Comparisons need to be made to understand whether pre-burial 

fragmentation is common in other river basins, or whether the Trinity River is unique in that 

respect. The high degree of fragmented remains found during this study was not anticipated so 

correlations should be made to see if this is a common preservation characteristic of all rivers 

settings. 

Further investigations should be undertaken to understand the impact prehistoric humans 

had on the bones prior to burial to understand dietary, hunting practices, and the intensity of 

grease or marrow extraction on the unidentified specimens collected. Unidentified specimens 

should be analyzed in a similar study to understand the condition of bone fragments that were too 

small to be identified. Are there patterns in the types of breaks that would indicate high grease or 

marrow extraction related to cultural behaviors? Or are the unidentified materials affected by 

intense surface weathering? Many additional interpretations about the pre-historic cultures of 

North Central Texas can be made based on the data and findings of this study since the area is 

lacking in prolific literature addressing these issues. 

 

6.7 Conclusions 

The formation of archaeological sites across alluvial river basins is neither straight 

forward nor simple. Just as geologic research has found each river basin system to have 

individual variations and attributes, so too do archaeological sites within a single river basin. 
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Differences in occupation, soil texture and mussel density all need to be taken into account when 

examining preservation potential of a given location in a river basin setting. 

In the Trinity River Basin, it appears that faunal remains were fragmented prior to burial, 

regardless of geomorphic location. Sites where preservation conditions were anticipated to 

increase still showed signs of deterioration (eg 41CO144). Considering that the overall 

fragmentation of each site is high in comparison to other sites across Texas (Wolverton et al. 

2008) and other sites noted to have good preservation conditions such as caves and rockshelters, 

a factor, or combination of, must have impacted the entire river basin. No single geologic impact 

analyzed during this study clearly indicated a single source for this deterioration 

The results from this study indicate that there is much more variability between sites in 

each geomorphic setting than has been previously reported. The fact that sites formed under 

similar geologic conditions have so many differences in fragmentation, soil weathering, and even 

degrees of burning indicates that interpretation of archaeological materials at the geomorphic 

level does not provide an accurate predictor of how fragmented a site will be. In the Trinity River 

Valley, cultural difference and resource availabilities may have had a much larger impact on 

cultural remains than has been investigated to date. The ecozone boundaries between the forests, 

prairies, and river settings likely provided continually changing habitat and thus adaptation 

differences within a small geographic area. 
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SITE SUMMARY TABLES 
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2 50-60 2Ab 10.3 10.2 79.5 0 0.2 -      4,320.90  26.29 58.00 302 55 5.49   25 1.4419 0.0698 
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3 60-70 2Ab 10.3 10.2 79.5 0 0.2 -      6,959.10  98.00 118.00 830 107 7.76   28 1.4231 0.2821 

4 70-80 2A2b 11.7 8.8 79.5 0 0.1 -      7,024.00  90.57 161.71 1102 220 5.01   40 1.0474 0.2789 

5 80-90 2Btb 30.6 5.0 64.3 0 0.1 -      8,110.90  235.71 226.86 1355 253 5.36   32 0.7634 0.0848 

6 90-100 2Bt2b 28.8 7.1 64.0 0.1 0.1 -    10,408.30  100.57 219.43 1444 203 7.11   26 0.8895 0.1271 
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7 100-110 2Bt2b 28.8 7.1 64.0 0.1 0.1 -      8,082.90  26.29 180.29 1107 189 5.86   46 0.7957 0.1505 

8 110-120 2Bt2b 28.8 7.1 64.0 0.1 0.1 -    15,072.60  7.71 144.86 1358 152 8.93   29 1.0682 0.2121 

9 120-130 2Bt2b 25.7 5.9 68.4 0.3 0.1 -    20,055.40  38.29 156.57 1747 209 8.36   37 0.8662 0.1592 

10 130-140 2Cb 19.5 6.8 73.7 0.2 0.1 -      4,139.40  6.36 94.55 1668 261 6.39   27 0.5449 0.1987 

11 140-150 2Cb 19.5 6.8 73.7 0.2 0.1 -    62,365.00  25.00 78.44 854 75 11.39   39 0.2553 0.1915 

12 150-160 2Cb 19.5 6.8 73.7 0.2 0.1 -      1,139.70  0.00 41.67 419 51 8.22   43 0.4800 0.4000 

                    Entire Site           12186 1775 7.26  33.82 0.8705 0.1959  

Late Prehistoric           3589 635 6.15  31.25 1.1689 0.1789  

Late Archaic           8597 1140 8.19  35.29 0.6999 0.2056  
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A.2 

41DN103 Block 1                 
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1 57  40 30 30 - - - - - - 1 1 1.00  100 - 1.0000  

2 67  40 30 30 - - - 91.33 27.67 47.67 143 34 4.21  82 0.6471 0.2059 

La
te
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3 77  40 30 30 - - - 295.33 71.00 82.33 247 50 1.94  72 0.2600 0.2400 
4 87  35 35 30 - - - 1,252.67 211.33 162.33 605 147 4.12  71 0.4626 0.1224 
5 97  35 35 30 - - - 4,348.67 238.33 186.00 595 198 3.01  84 0.4394 0.1515 
6 107  35 10 55 - - - 7,780.00 331.20 195.60 612 210 2.91  68 0.4095 0.1524 

LA
 

7 117  35 10 55 - - - 3,854.80 38.00 59.60 198 72 2.75  56 0.8056 0.0830 

                   

 

Entire Site           2401 712 3.37  76.14 0.5040 0.2793  

Late Prehistoric           1590 429 3.71  77.25 0.4523 0.1799  

Late Archaic           810 282 2.87  62 0.307 0.1177  

Note: ** Indicates depth taken in elevation, not cmbd       
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A.3 

41CO144 Block 1  
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2 60-70 C2 25.1 36.5 38.4 - - - 6.36 - 29.09 155 32 4.84   78 0.0625 0.0625 

La
te
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3 70-80 C3 23.4 28.7 47.9 - - - 129.09 - 78.18 553 86 6.43   70 0.6977 0.0814 
4 80-90 C4 36.9 32.5 30.5 7 0.7 7.2 107.27 - 100.91 384 111 3.46   77 0.0991 0.1351 
5 90-100 2Ab 50.1 44.7 5.2 0 1.3 6.8 50.91 - 106.36 1134 116 9.78   81 0.1282 0.1966 
6 100-110 2A2b 53.3 42.6 4.0 0 1.2 6.8 140.91 - 226.36 946 249 3.80   73 0.2088 0.1606 
7 110-120 2A2b 60.8 36.2 3.0 1.5 1.0 7.0 160 - 1020.00 633 102 6.21   62 0.3824 0.1863 
8 120-130 2A2b 60.8 36.2 3.0 1.5 1.0 7.0 20 - 130.00 152 13 11.69   69 1.9231 0.1538 
9 130-140 2A3kb 52.6 44.8 2.6 3.1 0.9 7.1 130 - 1060.00 1168 106 11.02   67 0.2453 0.0755 

10 140-150 2A3kb 52.6 44.8 2.6 3.1 0.9 7.1 320 - 790.00 695 80 8.69   46 0.525 0.3375 
11 150-160 2A3kb 54.5 43 2.5 2.9 0.7 7.2 230 - 950.00 1387 104 13.34   48 0.9714 0.3619 
12 160-170 2A3kb 54.5 43 2.5 2.9 0.7 7.2 0 - 2660.00 2229 267 8.35   72 0.6592 0.2772 
13 170-180 2ACkb 51.5 44 4.4 2.7 0.6 7.2 0 - 380.00 309 27 11.44   56 0.7586 0.5172 
14 180-190 2ACkb 51.5 44 4.4 2.7 0.6 7.2 210 - 330.00 92 33 2.79   27 1.3636 0.4545 
15 190-200 2ACkb 48.7 45.5 5.8 2.7 0.6 7.2 20 - 120.00  -  - -      0.6   

                    Entire Site 
          

9837 1326 7.42 
 

63.5 0.6173 0.2307 
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A.4 

41CO144 Block 2                  
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1 200-210 2ACkb 44.3 45.3 10.3 6.2 0.4 6.9 2.14 - 5.00 9 7 1.29  86 0.1429 0.7143 

La
te
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 2 210-220 2ACkb 44.3 45.3 10.3 6.2 0.4 6.9 19.29 - 50.00 404 70 5.77  59 0.1714 0.8000 
3 220-230 2AC2kb 42.7 46.4 11.0 4.4 0.3 6.9 7.14 - 18.57 104 26 4.00  77 0.2308 0.3692 
4 230-240 2AC2kb 42.7 46.4 11.0 4.4 0.3 6.9 3.57 - 14.29 208 30 6.93  47 0.6000 0.3667 

5 240-250 2AC2kb 35.6 41.9 22.5 4.8 0.2 7.0 0.00 - 20.00 97 2 48.5
0  50 0.0000 0.0000 

6 250-260 2AC2kb 35.6 41.9 22.5 4.8 0.2 7.0 10.00 - 70.00 14 7 2.00  43 0.0000 0.0000 
7 260-270 2Ckb 40.1 46.2 13.7 4.8 0.3 6.9 0.00 - 20.00 5 2 2.50  - 0.0000 0.0000 

                    
Entire Site           841 144 5.84  60.3 0.1636 0.3214  
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A.5 

41CO150 Block 1                  
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5 40-50 A3 56.7 28.1 15.2 5.7 0.9 - - - - 33 1 33.00  100 0 1.0000 

La
te
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rc

ha
ic

 

6 50-60 A3 56.5 29.6 14.0 5.9 0.8 - 739.76 212.83 32.25 110 8 13.75  88 0 0.5000 
7 60-70 A3 56.5 29.6 14.0 5.9 0.8 - 1,728.47 298.94 40.63 184 31 5.94  81 0.4516 0.5161 
8 70-80 Ak 57.2 31.6 11.2 6.4 0.7 - 3,193.08 192.76 36.22 136 21 6.48  100 0 0.6190 
9 80-90 Ak 57.2 31.6 11.2 6.4 0.7 - 3,435.83 32.99 15.85 93 19 4.89  84 0.0556 0.6111 
10 90-100 Ak 55.1 37 7.9 7.1 0.8 - 576.65 54.98 70.83 300 52 5.77  94 0.0769 0.7692 
11 100-110 Abkb 47.6 45.4 7.1 10.9 0.6 - 1,847.67 126.13 113.52 477 71 6.72  92 0.1127 0.4648 
12 110-120 Abkb 47.6 45.4 7.1 10.9 0.6 - 1,717.66 219.92 147.15 754 97 7.77  95 0.1237 0.5258 
13 120-130 BCkb 51.5 43.3 5.2 12.4 0.4 - 1,910.41 295.28 383.57 1944 182 10.68  96 0.1264 0.5549 
14 130-140 BCkb 51.5 43.3 5.2 12.4 0.4 - 1,351.88 142.30 119.66 622 98 6.35  97 0.1429 0.6429 
15 140-150 BCkb 54.6 38.3 7.1 12.1 0.4 - 1,163.00 140.69 30.72 148 24 6.17  96 0.6667 0.6250 
16 150-160 BCkb 48 42.9 9.1 11.9 0.4 - 565.01 105.76 22.32 118 21 5.62  90 0 0.8571 

                    
Entire Site           4963 626 7.86  92.8 0.1463 0.6404  
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Site 41CO150 Block 2               
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A1 75-100 Ak2 47.6 42.6 9.8 4.8 0.8 - 11,890.00 246.00 155.33 423 115 3.68  93 0.1652 1 
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te
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A2 130-140 Ck 47.9 44 8.2 2.5 0.7 - 5,080.00 1798.85 11.54 6,149 1,063 5.78  97 0.1665 0.5 
A3 150-155 Ck 49 45.1 5.8 2.3 0.7 - 2,206.21 2051.38 601.72 2,819 562 5.02  94 0.2544 0.5161 
A4 20-210 Ck2 51.9 42.8 5.3 6.4 0.5 - 2,022.08 168.33 131.67 489 78 6.27  69 1.2308 0.619 
A5 227-240 Ck3 51 44.6 4.3 5.9 0.5 - 1,326.43 1131.43 80.48 453 89 5.09  93 0.2247 0.6111 

                   

 

B1 250 Ck3 51.3 46.9 1.8 7.8 0.6 - 954.50 429.33 146.83 2,707 195 13.88  81 0.1795 0.2821 

La
te

 A
rc

ha
ic

 

B2 270-287 Ck4 50.6 46.1 3.3 5.1 0.5 - 11,430.50 2126.67 912.33 21,663 1,750 12.38  76 0.7603 0.4153 
B3 299 Ck4 49.8 47.6 2.6 5.3 0.5 - 6,135.50 110.17 139.67 5,998 280 21.42  77 0.5250 0.2964 
B4 309 Ck4 45.2 51.9 2.9 5.3 0.5 - 3,003.67 318.33 96.50 1,568 234 6.70  91 0.0726 0.7564 
B5 318-326 Ck4 52.5 44.9 2.6 6.3 0.5 - 19,028.00 1987.83 322.17 8,783 2,015 4.36  94 0.0910 0.6501 
B6 365-380 Ck4 43.9 51.7 4.4 7.8 0.4 - 1.33 0.00 404.17 4,892 322 15.19  97 0.0248 0.3913 
B7 404-410 Ck4 46.2 48 5.8 7.8 0.4 - 20,800 420.00 5.00 2 1 2  100 0.0000 0.0000 
B8 427 Ck4 17.9 45.3 36.8 8.2 0.3 - 30 110.00 235.00 113 4 28.25  75 0.0000 0.2500 
B9 445 Ck4 39.7 53.6 6.7 9.2 0.4 - 390 20.00 130.00 67 - 0   0.0000 - 

B10 470 Ck4 28.4 54.3 17.3 10.4 0.3 - 3635 20.00 130.00 182 7 26  100 0.0000 - 

                   

 

Entire Site           56,308 6,715 8.39  88.36 0.25 0.48  

Stratum A           10,333 1,907 5.42  89.20 0.41 0.65  

Stratum B           45,975 4,808 9.56  87.89 0.17 0.38  

 

  



138 

A.7 
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2 72 IAB1 65 10 25 - - - 311.20 21.60 181.60 454 71 6.39  65 0.8873 0.4507 

La
te

 
Pr

eh
is

to
ric

 

3 62 IAB1 65 10 25 - - - 366.40 78.40 424.00 2789 388 7.19  59 0.7191 0.2448 
4 52 IAB2 60 10 30 - - - 171.60 79.60 298.00 3228 350 9.22  59 0.7657 0.2971 
5 42 IAB2 60 5 35 - - - 107.60 37.20 170.40 3088 355 8.70  54 0.5887 0.2479 

La
te

 A
rc

ha
ic

 

6 32 IB 55 5 40 - - - 66.80 11.20 108.80 862 120 7.18  55 0.5667 0.4083 
7 22 IB 55 5 40 - - - 140.00 10.00 98.57 395 36 10.97  56 0.9444 0.4167 
8 12 IB 55 5 40 - - - 105.00 0.00 22.50 27 7 3.86  29 2.8571 0.5714 
9 02 IB 55 5 40 - - - 33.33 0.00 6.67 6 1 6.00  0 1.0000 2.0000 

                   

 

Entire Site           10849 1328 8.17  53.9 1.0411 0.5796  
Late Prehistoric           6471 809 8.00  61 0.7907 0.3308  
Late Archaic           4378 519 8.44  48.5 1.1913 0.72886  

Note: ** Indicates depth taken in elevation, not cmbd         
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2 15  80 10 10 - - - - - - 90 0      

La
te

 
Pr
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is
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ric

 

3 15  80 10 10 - - - - - - 87 13 6.69  54  0.2308 
4 15  80 10 10 - - - - - - 0 0      
5 15  80 10 10 - - - - - - 2 0     1.0000 

La
te

 A
rc

ha
ic

 6 15  80 10 10 - - - - - - 10 1 10.00  100 4.0000  
7 15  80 10 10 - - - - - - 3 0      
8 35  85 10 5 - - - - - - 25 2 12.50  50 0.0000 0.5000 
9 45  85 10 5 - - - - - - 45 2 22.50  50 3.0000 0.0000 
10 55  80 15 5 - - - - - - 31 3 10.33  67 0.6667 0.6670 
11 65  80 15 5 - - - - - - 62 6 10.33  67 0.3333 0.1667 

M
id

dl
e 

A
rc

ha
ic

 

12 75  80 15 5 - - - - - - 375 31 12.10  35 0.7419 0.1613 
13 85  80 15 5 - - - - - - 337 26 12.96  54 0.8077 0.3462 
14 95  80 15 5 - - - - - - 614 43 14.28  58 1.3488 0.4419 
15 105  80 15 5 - - - - - - 798 56 14.25  61 0.9107 0.4286 
16 115  80 15 5 - - - - - - 904 62 14.58  55 0.6129 0.3065 
17 125  80 15 5 - - - - - - 1004 86 11.67  56 1.0345 0.4138 
18 135  80 15 5 - - - - - - 967 81 11.94  38 1.3049 0.3415 
19 145  80 15 5 - - - - - - 619 55 11.25  72 0.8793 0.3276 
20 155  85 5 10 - - - - - - 477 55 8.67  84 0.6909 0.2909 
21 165  85 5 10 - - - - - - 116 14 8.29  71 1.0714 0.2857 
22 175  85 5 10 - - - - - - 319 22 14.50  64 0.7273 0.4545 
23 185  85 5 10 - - - - - - 101 9 11.22  90 0.7 0.6000 
24 195  85 5 10 - - - - - - 17 1 17.00  100 0.0000 0.0000 

                    
Entire Site           7003 568 12.33  64.5 1.04 .3664  

Late Prehistoric           177 13 13.62  54 - 0.2308  
Middle Archaic           6710 547 12.27  64.6 0.7974 0.3261  
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1 240 Ap 5 15 80 - - - 135 0 550 175 2 87.50  67 2.0000 0.0714  

2 250 Ap 5 15 80 - - - 110 1.4 382.9 250 28 8.93  90 0.1429 0.0588  

3 260 A1 5 15 80 - - - 439 16.1 347.2 625 85 7.35  51 0.3882 0.1138 

La
te

 P
re

hi
st

or
ic

 4 270 A1 15 15 70 - - - 15780 6.7 505.8 1250 123 10.16  58 0.4472 0.1135 
5 280 2BC 15 15 70 - - - 1553 9.7 330.3 1200 185 6.49  63 0.5243 0.1505 
6 290 2BC 10 20 70 - - - 1325 14 418.1 2000 206 9.71  54 0.6699 0.148 
7 300 2BC2 2.5 2.5 95 - - - 19645 20.2 471.8 2675 304 8.80  57 0.6184 0.2404 
8 310 2CR 2.5 2.5 95 - - - 1771 23.4 55.9 3150 470 6.70  52 0.7319 0.1626 
9 320 2CR 2.5 2.5 95 - - - 17354 47 658.3 3500 486 7.20  49 0.7202 0.1564 

10 330 R 2.5 2.5 95 - - - 64531 42.1 1197.1 4125 486 8.49  48 1.0000 0.144 
11 340 R 2.5 2.5 95 - - - 1128 41.2 1405.6 3500 368 9.51  44 1.0217 0.1135  

12 350 R 2.5 2.5 95 - - - 7488 117.7 1596.9 2125 282 7.54  40 1.1809 0.0484  

13 360 R 2.5 2.5 95 - - - 2950 485 4180 875 124 7.06   0.8790 0.0000  

                    
Entire Site           25229 3149 8.01  56.1 0.7942 0.1170  
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1 100  12 10 78 - - - 584,470.00 26.50 1967.50 750 198 3.79  13 0.3687 0.0051 

La
te
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2 90  12 10 78 - - - 69,228.00 2.40 2266.00 2500 515 4.85  16 0.3767 0.0718 
3 80  12 10 78 - - - 2,083.00 7.40 4310.70 6500 1383 4.70  12 0.3955 0.0636 
4 70  12 10 78 - - - 2,348.00 6.20 4726.50 8000 1537 5.20  10 0.4353 0.0605 
5 60  12 10 78 - - - 8,438.00 25.90 4409.50 9750 2189 4.45  13 0.487 0.0818 
6 50  15 15 70 - - - 8,192.00 23.20 6219.60 15000 3425 4.38  15 0.5521 0.0966 

La
te

 A
rc

ha
ic

 

7 40  15 15 70 - - - 162,430.00 43.40 3176.80 11000 2563 4.29  19 0.6391 0.1623 
8 30  35 35 30 - - - 19,914.00 17.00 5360.40 12500 3591 3.48  25 0.4748 0.0646 
9 20  35 35 30 - - - 3,239.00 10.00 5926.10 10750 2894 3.71  41 0.4737 0.0753 
10 10  35 35 30 - - - 469.00 0.00 3161.30 2500 682 3.67  7 0.6188 0.0279  

                   

 

                    
Entire Site           78577 18977 4.14  17.1 0.4822 0.0709  

Late Prehistoric           27500 5822 4.72  12.8 0.4126 0.0565  
Late Archaic           49250 12473 3.95  25 0.5349 0.0997  

Note: ** Indicates depth taken in elevation, not cmbd       
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APPENDIX B  

FRAGMENTATION PLOTS
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APPENDIX C  

SEDIMENTATION RATES
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Site Block 
Depth 

(level) 

Date 

(yr BP) 

Sedimentation 

Rate/year 

Sedimentation 

Rate 

41DN99 1 2 500 +/- 70 
.05 cm/yr Low 

 1 6 1300 +/- 70 

.19 cm/yr Moderate 
 1 10-11 1510 +/- 80 

41DN103 - - - - Low/Moderate1 

41CO150 2A 1 1710 +/- 70 
.21 cm/yr Moderate 

 2A 3 2020+/- 70 

 2B 2 2590 +/- 60 
.17 cm/yr Moderate 

 2B 3 2470 +/- 50 

.10 cm/yr Low 
 2B 5 2240 +/- 70 

41CO144 2 2-3 2150 +/- 90 .12 cm/yr* Moderate 

  7+   Moderate/Rapid2 

41DN102 1 3-4 790 +/- 70   

 2 - - - - 

41DN27 1 11 500 +/- 80   

41DN372 1 7 610 +/- 90   

Note:  
1- Sedimentation rate based upon “slow accumulation of sediments” (Ferring and Yates 1997:82) and 
approximate correlation of 41CO150 Block 1 with the upper portion of 41CO150 Block 2. 
* Indicates net rate of sedimentation for entire site 
2- Sedimentation rate interpreted to have increased in deeper deposits (Ferring and Yates 1997: 108) 
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