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CHAPTER I 

INTRODUCTION 

Introduction to the Study 

The allocation of archaeological resources and energies most often 

focus on excavation; however, large amounts of information exist in 

unprocessed museum collections. Post-excavation research adds 

information to that already observed during the excavation. For example, 

while researchers may know the number of bones present at a site, it is not 

until all recovered bones are cleaned and examined that the number of 

individuals, types of modifications, and species present in the assemblage 

may be determined. It is important to utilize these forms of information 

resources already existing in museum collections rather than continue to 

destroy irreplaceable archaeological resources (Bleed and Nickel, 1989; 

Quelle t, 1985). 

Untapped informational resources occur in a museum or repository 

in the form of unprocessed collections. Frequently, these unprocessed 

collections were collected in the past using outdated field techniques, and 

little post-excavation research or collection care has been conducted. Past 

techniques used in object recovery and preservation often were temporary 

solutions demonstrating a lack of knowledge at the time, or lack of regard 

for future work with the objects. Today, objects are being studied using 

techniques previously unknown to researchers, and some are using those 

techniques to answer previously unasked questions. Techniques used in 

excavation and conservation continue to improve as new technologies and 

materials become available. Because the future possibilities for studying 



collections are unknown, conscientious museums have focused on 

reversibility of techniques and materials, long-term testing of materials 

and techniques used, and preventing the need for object conservation 

(Cronyn, 1990; Anonymous, 1994). A commitment to long-term care and 

the accessibility of a collection to future researchers maximizes a 

collection's research potential. 

Museums have an obligation to decimate knowledge. Research 

accumulates the knowledge to be communicated, and, therefore, is a major 

function of a museum. Museums also are obligated to keep objects in 

perpetuity and prevent their degradation as much as possible in order that 

future generations may have access to them. A well-cared for collection is 

a researchable collection because it is stable, organized, and, ideally, well-

documented. Well-cared for collections are essential to research, and 

research helps fulfill the role of a museum as an educator in society. 

Due to limited museum resources, items collected using past 

techniques are often left in a state of deterioration until they are completely 

destroyed and their research potential lost. An effort is being made by 

museums to salvage deteriorating collections before the information they 

contain is lost forever (Bradley, 1994). Harmful conditions such as storage 

in acidic materials can be updated and corrected, slowing the deterioration 

process. A well-cared for collection is organized, accessible for research, 

and stable. Caring for deteriorating archaeological collections not only 

adds to the information already obtained from a site, it also increases the 

research potential of the collection (Bleed and Nickel, 1989; Edwards, 1985). 

The type of damage exhibited by many unprocessed collections today 

is preventable using modern information and technology. Information is 



now available that can slow the agents of deterioration (Michalski, 1992). 

Awareness of the agents of deterioration, including light, temperature, 

relative humidity, and environmental pollutants, is the first step in 

preventive care. New techniques of excavation and collection management 

focus on preventing damage to collections by employing simple preventive 

care from the moment the objects are recovered. Creating a stable 

environment from the moment an archaeological object is removed from 

the ground can prevent damage to objects. Environmental factors must be 

regulated to ensure long-term stability (Buck, 1964; Anonymous, 1994). 

The Lake Theo Collection was an unprocessed archaeological 

collection in desperate need of salvage. It had deteriorated almost beyond 

repair due to inadequate preservation and harmful storage conditions. The 

Collection represented a well-stratified, multi-component site, including a 

Folsom-age bone bed. The upgrading of the Collection to a researchable 

level involved the implementation of standard preservation and collection 

management techniques. The effective management of the Lake Theo 

Collection slowed deterioration of the Collection, attempted to reconstruct 

excavation information before it was completely lost, and enabled 

researchers to utilize the Collection. The Collection now can be studied and 

analyzed before future excavation work at the Lake Theo site is undertaken. 

The Importance of the LakeJlkeQ_Site 

Lake Theo is an important archaeological site because it is one of a 

few Folsom sites on the Southern Plains that is contained within good 

stratigraphic context (E. Johnson and Holliday, 1995). Currently, it is the 

only excavated Paleoindian site within the rich ecotonal transition from the 



Rolhng Plains to the Southern High Plains. Knowledge of the present 

environment of the site allows one to form models of past environments, 

and provides information on the taphonomic factors that have affected the 

site, and hence the artifacts within the site. The condition of the Lake Theo 

Collection is partly due to the environment in which it was buried. 

Environmental Background 

The Lake Theo site (41BI70) is located within the boundaries of 

Caprock Canyons State Park, 5.5km northwest of Quitaque in southeastern 

Briscoe County, Texas. A physiographic subdivision between the Southern 

High Plains and the Rolling Plains bisects Briscoe County into two 

topographical zones. That subdivision is the rugged caliche escarpment 

bordering the eastern edge of the Southern High Plains (Llano Estacado or 

Staked Plains), locally called "the Caprock." The elevation drops from an 

average of 975m on the Southern High Plains to an average of 765m on the 

western Rolling Plains. This area is characterized by steep canyon walls 

and red soils. The Triassic, Tertiary, and Quaternary sediments that 

compose the Southern High Plains have been removed and the eroding 

streams have exposed the Permian redbeds (Harrison and Killen, 1978). At 

an elevation of approximately 777m, the Lake Theo site is situated on the 

western edge of the Rolling Plains, just east of the subdivision and in the 

Central Lowland physiographic province (Fenneman, 1931) (Fig. 1.1). 

The Southern High Plains is characterized by ephemeral drainages 

(draws) (Holliday, 1995) that form the headwaters for permanent streams 

and rivers located on the Rolling Plains. Three main river systems in 

Briscoe County today are fed by springs along the base of the Caprock and 
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Figure 1.1 Location of the Lake Theo site (41BI70) on the Rolling Plains. 



lower draws (Holliday, 1995). Of these systems, the Red River system is the 

largest (Fig. 1.1). A dam constructed in 1963 on Holmes Creek, a tributary 

of the Red River, formed Lake Theo (Harrison and Killen, 1978). The Lake 

Theo site is located on the southwestern shore of the lake on a Holocene 

terrace above Holmes Creek (Fig. 1.2). Although Lake Theo is a man-made 

lake, evidence indicates flowing water being maintained from at least the 

late Pleistocene (E. Johnson et al., 1982). 

Five stratigraphic zones were identified by Harrison and Killen (1978) 

at the Lake Theo site. Their generalized stratigraphy identified the 

presence of buried soils indicative of periods of uninterrupted landscape 

stability (Harrison and Killen, 1978). E. Johnson et al. (1982) identified 10 

distinct geological deposits and five soils within the geologic sediments. 

The second buried soil (S2) contained the Plainview and Folsom occupation 

levels in different horizons of the soil (E. Johnson et al., 1982). Organic 

sediments from the A horizon of the buried S2 soil (the Plainview level) 

were assayed at 9950 ±110 yrs BP (E. Johnson et al., 1982). The Folsom bone 

bed, beneath the Plainview level, was in the B horizon and assumed to have 

been deposited prior to 9950 ±110 jrs BP. Bone from the Folsom bone bed 

was dated at 9360 ± 170 yrs BP and 8010 ± 100 yrs BP (Harrison and Killen, 

1978). However, bone generally dates younger than the actual age and these 

ages are considered unreliable (E. Johnson et al., 1982). 

The primary depositional factor affecting the Lake Theo site is fluvial 

activity (E. Johnson et al., 1982). Situated on a floodplain, intermittent 

flooding deposited water-borne sediments onto the site. Another 

depositional factor that played a much lesser role is aeolian activity (E. 
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Johnson et al., 1982). These factors are taphonomic processes that affect 

the distribution and condition of artifacts contained within the site. 

Archaeological Background 

Five general cultural periods are recognized on the Southern Plains 

(Holliday, 1987; E. Johnson and Holliday, 1989, 1993, 1995). The cultural 

period a site represents can be determined based on diagnostics, 

radiometric data, or technological traits. A single site can encompass 

more than one cultural period, and is termed a multi-component site. A 

multi-component site occurs from repeated use by successive groups of 

people. 

Paleoindian is the earliest cultural period, spanning the years 11,500 

to 8,500 yr BP. It represents the transition from the late Pleistocene to early 

Holocene when now-extinct mammals were hunted (E. Johnson and 

Holliday, 1989, 1993, 1995). The Paleoindian Period is subdivided into four 

distinct complexes based on projectile point types: Clovis (11,500-11,000 yr 

BP); Folsom (10,800-10,300 yr BP); Plainview (ca. 10,000 yr BP); and 

Firstview (ca. 8600 yr BP) (E. Johnson and Holliday, 1989, 1993, 1995). 

Folsom sites are rare in occurrence (Hofman et al., 1992) and few 

sites are in good stratigraphic contexts. Only six stratified Folsom sites are 

known in the Southern Plains region: Lubbock Lake (E. Johnson, 1987), 

Blackwater Draw Locality No. 1 (Hester, 1972), Lipscomb (Barbour and 

Schultz, 1941; Hofman et al., 1989; Todd et al., 1992), Cooper (Bement, 1994), 

Waugh (Hofman et al., 1992), and Lake Theo (Harrison and Killen, 1978; 

Harrison and Smith, 1975). 
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The Site 

In 1972, Folsom artifacts found on the surface at the edge of Lake 

Theo were reported to the Panhandle Plains Historical Museum (PPHM). 

Funds were received from the Texas Historical Commission to test the site 

and the first of two field seasons at Lake Theo began in 1974 (Harrison and 

Smith, 1975). The Lake Theo site was designated site number A917 by the 

PPHM and assigned site designation 41BI70 by the Texas Archeological 

Research Laboratory at the University of Texas at Austin (state repository 

for site numbers). 

Disturbance patterns at the site were primarily erosional and fluvial. 

Erosion on the north side of the site had exposed the Folsom artifacts and 

test excavations consequently focused in this area (Harrison and Smith, 

1975). Twenty-four five foot squares were opened and a bison bone bed with 

associated Folsom points and other tools was revealed (Harrison and 

Smith, 1975). Based on mandibles, at least 12 extinct bison (Bison antiquus) 

were present in the Folsom bone bed. From the 1974 test excavations. Lake 

Theo was determined to be a multi-component site containing Paleoindian 

and Archaic occupations. The Folsom component, spanning 0.6ha, was 

believed to be a campsite and butchering locale (Harrison and Smith, 1975). 

The second field season in 1977, sponsored by the Texas Parks and 

Wildlife Department (TPWD), focused on defining the extent of the site, as 

well as collecting additional cultural and non-cultural data (Harrison and 

Killen, 1978). One of the backhoe trenches (West Trench, south of the 1974 

excavations) located a portion of a bone bed in the same stratigraphic unit 

(zone 5) as the bone bed discovered in 1974. No cultural diagnostics (i.e.. 



Folsom points) were found in the trench that would confirm the correlation 

of the bone bed with the one found in 1974. 

Material recovered from the Lake Theo site consisted of faunal and 

lithic artifacts. Although reports were completed for each field season, no 

extensive analysis of either the Uthic or faunal assemblages were 

undertaken. The apparent reason for the lack of post-excavation research 

with the Collection by other researchers was its poor condition and lack of 

organization. 

The Lake Theo Collection 

The Lake Theo Collection was generated off of public land owned by 

the TPWD and, therefore, is a held-in-trust collection. The PPHM does not 

use accession numbers and refers to the Collection only by its site number 

(A917). The Collection was received on loan by the Museum of Texas Tech 

University (the Museum, IL#1996-73) for research purposes. However, the 

faunal material was badly deteriorated due to natural pre-excavation 

conditions (E. Johnson, 1985; Lyman, 1994) and lack of post-excavation care. 

The collection had not been cleaned or stabihzed by PPHM; and, 

subsequently, had been warehoused in open, acidic, corrugated cardboard 

flats for over 20 years. Until the cleaning and stabihzation of the bone 

material was completed, no further analysis could be conducted with the 

faunal material. 

By examining field records, notes, and photographs, it appears that 

most bone material recovered in 1974 was pedestaled during field 

excavation and then removed with its pedestal and placed in a corrugated 

cardboard box with sand. While pedestaled, a polyvinyl acetate emulsion 
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(Elmer's glue) mixed with water was appUed to the exposed surface of 

many of the bones in order to hold them together. A felt marker was used to 

apply a field number to the exposed side of some of the bone prior to removal 

from the ground. Most of the corrugated cardboard boxes were marked, 

using a felt marker, with the unit designation and the field numbers of the 

bones placed inside. These materials, then, were transported to PPHM. 

During the transport to the PPHM, "rain welded some of the bones to 

the flats" (Harrison and Smith, 1975:74). The rain wet and expanded the 

sediments surrounding the bones and as the "central cavities and cracks 

were filled with a hard sandy clay" (Harrison and Smith, 1975:74), the 

drying of the sediments caused further cracking of the bone. The most 

devastating effect of the rain damage was the apparent loss of information. 

The rain caused the matrix sediments and sand inside the boxes to mix 

together and crack, making them difficult to distinguish from one another 

(Fig. 1.3). Information written in black felt pen ran in the rain, making the 

unit information on many of the boxes indistinguishable. Slips of paper 

with field numbers written on them also were indistinguishable. After the 

rain and 20 years of warehousing, the cardboard flats were deteriorated 

and misshapen, with curled edges and sagging bottoms that allowed 

sediments and perhaps artifacts to escape. 

The Lake Theo Collection consisted of 77 cardboard boxes of material. 

Sixty-seven of the boxes contained bones collected during the 1974 

excavations; two boxes contained bones collected during the 1977 

excavations; five contained sediment samples; two contained lithic 

materials from both the 1974 and 1977 excavations; and one contained 

gastropods collected during the 1974 and 1977 excavations. Additionally, 
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Figure 1.3 Collection box showing cracked sediments. 
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one book of photographic negatives and photographs of the excavations, 

level forms, field notes, and site maps made up the extent of the 

documentation. Level forms and field notes were photocopied for use in this 

study in order to preserve the originals. 

The PPHM is an environmentally-controlled museum. At the 

PPHM, the Lake Theo Collection was divided between cabinets, tables, and 

floor storage. The objects from both excavations were housed in the original 

acidic corrugated cardboard flats in which they were collected over 20 years 

prior, and no collections management, preventive conservation, or 

preservation work had been accomplished with the Collection. 

The cardboard boxes had deteriorated to the point that some could no 

longer support the sediments and bones within them (Fig. 1.4). Some were 

curled at the edges, the writing on the boxes had become difficult to 

decipher, and spider and other insect activity was apparent (Fig. 1.5). The 

bones were also in advanced stages of degradation. Many of the bones 

either were encased or contained matrix sediments that had expanded and 

contracted, causing breakage (Figs. 1.6 and 1.7). Bones were fragile, 

cracked, and difficult to identify. Most bones had not been cleaned nor 

correctly reconstructed before the Elmer's glue had been applied in the 

field. As Elmer's glue is not reversible, these bones have matrix sediments 

permanently adhered to them. Although some of the bones had field 

numbers, the numbers were written in a black non-reversible ink, and 

either written largely in conspicuous places (Fig. 1.8), small and 

indistinguishable, or so that the number could be interpreted differently 

depending on the bone's orientation. Due to the deterioration and breakage 

of the bones, many of the field numbers written on them were destroyed. 
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Figure 1.4 Deteriorated Collection box unable to hold sediments. 
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Figure 1.5 Collection box showing curled edges. 
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Figure 1.6 Collection box showing broken long bone containing matrix 
sediments . 
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Figure 1.7 Collection box showing bones encased in matrix sediments 



Figure 1.8 Bone showing large, conspicuous number. 
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Other bones were placed in plastic bags within the cardboard boxes, 

some containing acidic paper slips with field numbers and some not. 

Masking tape had been used to keep some of the bones together (Figs. 1.9 

and 1.10). Incorrect reconstructive work was done on some bones. For 

example, two teeth were permanently adhered together facing opposite 

directions (Fig. 1.11). Few of the cardboard flats actually contained the 

bones whose field numbers were listed on the box. Most contained either 

the field numbered bone and additional un-numbered bones, or bones were 

contained within the box that did not match the field numbers listed. 

Lithic materials were stored in acidic cardboard boxes, and within 

them, packaged in plastic bags. These plastic bags did not contain 

individual lithic artifacts, however, and their close storage may have 

caused secondary chipping and flaking. Selected lithic artifacts, primarily 

points, were cataloged and others were numbered with field numbers using 

an unknown, irreversible method. Sediment samples were stored in both 

plastic and acidic paper bags that have become torn due to natural 

deterioration and handling during moving. Provenience information was 

written on acidic paper slips found within the plastic bags or written on the 

outside of the paper bags. 

Olyectives 

The initial objective in borrowing the Lake Theo Collection was the 

analysis of the material itself However, upon examination, the condition of 

the Collection was determined to be so poor that no research could be 

conducted with the Collection until its processing and stabilization were 

completed. 
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Figure 1.9 Box showing the use of masking tape to hold bones together. 
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Figure 1.10 Close-up of masking tape used to hold bones together. 
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Figure 1.11 Example of incorrect reconstruction. Teeth are facing opposite 
directions. 
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Conducting a basic faunal analysis of the remains would add 

valuable information not found in the published reports (Harrison and 

Smith, 1975; Harrison and Killen, 1978), such as the extent of butchering of 

the bison. The determination of bone modification (e.g., root etching, 

trampling, human-induced) in the assemblage, and the re-examination of 

the minimum number of individuals (MNI) represented were the issues to 

be addressed. The analysis would add clues to taphonomic events that may 

have occurred at the site. Taphonomic processes (including natural 

biological and geological processes) modify and deteriorate bones (E. 

Johnson, 1985; Lyman, 1994) and leave distinct patterns. Examination of 

modification patterns can lead to a determination of the agents of 

modification. Human-induced modifications, including cut marks and 

blow marks, would add evidence to past animal usage patterns by humans. 

The extent of butchering could be determined from types, location, and 

number of modifications found on the bones. Other agents identified by the 

modification patterns they produce would add evidence for the 

paleoenvironment and perhaps multiple usage of the animals by different 

agents. The number of individuals (MNI) present in the assemblage, 

determined by the morphological separation of elements, would add clues to 

herd size and, in turn, provide clues to hunting and social group sizes and 

lifeways of the human predators (Shipman, 1981). Microfauna present 

would aid in determining the paleoclimate and ecology of the area (Gifford, 

1981; E. Johnson, 1985; Shipman, 1981). 

The Collection quickly was losing its educational and research 

potential and needed to be salvaged. Therefore, the processing and 

stabilization of the Collection became the first objective. In order to make 
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the Collection accessible for research now and in the future, it needed to be 

upgraded to current standards of care. The application of standard 

preservation and collection management techniques stabilized and 

organized the collection and created a database for future research. 

Preliminary analysis of the 1974 bone bed then could be conducted in order 

to demonstrate the value of post-excavation research by contributing to the 

knowledge of past lifeways. 

Methodology 

The methodology employed with the Lake Theo Collection consisted of 

two stages: a methodology for management and a methodology for analysis. 

The first stage was the management and overall processing of the 

collection, including the inventory, cleaning, stabilization, cataloging, and 

archival packaging of objects that enabled the study of the Collection. The 

second stage was the analysis of the faunal material that provided the data 

necessary for a re-examination of the Lake Theo site and evidence for the 

need of post-excavation research. 

The processing of the Collection considered future research and long-

term care. All techniques and materials used were reversible (except 

cleaning) and all techniques and materials were documented. Problems 

were anticipated in the processing of the Lake Theo Collection due to its 

poor condition and lack of stability. Previous methods and techniques used 

on the objects were irreversible and did not permit the cleaning of some 

objects. Removing whole objects encased in matrix was sometimes 

impossible, and identification of highly fragmented bone was difficult. All 
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problems encountered and methods used to counter the problems were 

documented. 

Conclusions 

The Lake Theo Collection is an important representation of a 

Paleoindian multi-component site on the Southern Plains. Its current state 

of degradation is not reversible; however, future deterioration has been 

slowed by the implementation of standard preservation and collection 

management techniques. The Collection Management Plan involves the 

inventory, cleaning, and stabihzation of the Collection, followed by adequate 

packaging, and storage by today's standards. StabiUzing and cataloging 

the Lake Theo Collection allows a re-investigation into this site without the 

need of additional excavations. The re-investigation potential of the site is 

demonstrated through a prehminary analysis of the bone material for 

species identification, morphological element, and evidence of taphonomic 

processes. The re-investigation of the Collection and the now useable 

Collection itself also lay the foundation for future research questions and 

excavation approach if the site were to be reopened. 

In the past, post-excavation care generally was not included in the 

archaeologist's budget or plan, and was a museum's responsibility alone. 

Many archaeological collections received by museums as unprocessed 

collections remained in that condition because museums could not afford 

the burden of the care that these collections pose (Bleed and Nickel, 1989). 

Even fewer could afford post-excavation research on the collections. The 

responsibihty the generator of a collection has to its in-perpetuity care has 

increased greatly, and recently-generated collections tend to be in much 
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better condition upon arrival at a museum. However, older, unprocessed 

collections should not be ignored and allowed to deteriorate further and 

must be addressed in a museum's long-term goals. These collections 

contain information vital to the interpretation of archaeological sites that 

must be utilized before further destruction of a site is undertaken. The 

information the unprocessed collections contain can be useful in the 

planning and implementation of further excavations at the site from which 

the collection came. 

Collaboration between the archaeologist or researcher and the 

museum at the time of excavation is crucial, as the research potential of a 

site is multiplied when a collection is cared for properly from the beginning 

(Leigh, 1982). The care of a collection begins in the field by using reversible 

techniques that do not damage artifacts (Cronyn, 1990) or their future 

research potential. An important relationship exists between collection 

management and research that requires cooperation on the part of the 

researcher and the museum, and both parties benefit from the resulting 

stable and useable collection. 
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CHAPTER II 

FACTORS LEADING TO THE DEGRADATION 

OF THE LAKE THEO BONES 

Introduction 

Before attempting bone stabihzation and preservation, the processes 

that modify and deteriorate bone need to be understood. These processes, or 

agents, of deterioration cannot be prevented or slowed until they have been 

identified. Modifications on bone lend clues to the agents of deterioration to 

which a bone was exposed throughout its history. Environmental processes 

have modified the Lake Theo bones before, during, and after excavation, 

leading to their deterioration. 

The chemical matrix of bone is critical to its response to external 

factors (E. Johnson, 1985). Bone is a hving tissue that consists of protein 

(primarily collagen) and minerals (hydroxyapatite) (Cronyn, 1990; E. 

Johnson, 1985; Lyman, 1994; Von Endt and Qrtner, 1984), and this 

relationship provides strength to the bone while the animal is ahve. Bones 

have internal structures mechanically designed for their particular shape 

or use. When the animal dies, however, bones die and loose their 

structure, and, therefore, their stabiUty. Bone is viscoelastic and 

anistropic; that means it expands and contracts with moisture and the 

response on different planes varies. Cancellous (or spongy) bone makes up 

the interior and epiphyseal ends of a bone, and compact bone makes up the 

exterior and diaphysis (shafts) (Cronyn, 1990; E. Johnson, 1985; Lyman, 

1994). The two structural parts of a bone are differentially subject to 

particular kinds of deterioration processes such as gnawing by carnivores 
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(SchifFer, 1987). Bone goes through stages in its deterioration from fresh (or 

"green") bone to dry bone. The deterioration stage a bone is in will also 

affect its response to external factors. Moisture is a key factor and the rate 

of moisture loss determines the transition from fresh to dry and also 

conditions the response of the bone to its surrounding environment (E. 

Johnson, 1985). 

Deterioration processes can be grouped into three categories, that of 

pre-excavation, excavation, and post-excavation. Environmental conditions 

to which a bone has been exposed need to be considered when examining for 

cultural bone modifications as they will affect the modifications evident on 

the bones. Briefly examined are the three environments that the Lake Theo 

bone material was exposed to, the corresponding agents of deterioration, 

and their physical manifestations on the bones. 

Pre-Excavation Environment 

Taphonomy, or the "laws of burial," includes the study of post

mortem depositional processes and resulting modifications (Marshall, 

1989), and the conditions that have influenced the formation of bone and 

fossil assemblages from the death of an individual to its exposure as a fossil 

(E. Johnson, 1985). Bone modification is defined as "any alteration in size, 

structure, or texture of bone by an external agent" (Marshall, 1989:8). The 

agency is the general group to which the phenomenon causing a change in 

the original state can be classed (e.g., climatic, biological, geological, 

hominid), the process is how it became modified and what caused the 

modification (E. Johnson, 1985), and the pattern is the resulting change on 

the bone caused by the process (Marshall, 1989). The determination of 
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agents of modification can lend clues to past human behavior patterns, 

taphonomic events that occurred at the site, and the paleoclimate and 

ecology of the area (Shipman, 1981; Tappen, 1994). The series of events that 

occurred also can be distinguished by examination of modification patterns 

and the order they were incurred. Distinctions can be made between 

agencies by macroscopic and microscopic examination of patterns on 

bones. Often, the determination of the modifying agent is debatable as more 

than one type of agency may cause a similar modification pattern. 

Experimental research has been conducted on bone modification to 

determine cause and resultant modification patterns (Nicholson, 1993; 

Marean, 1991; Shipman et al., 1984a, 1984b; Von Endt and Ortner, 1984). 

These experiments examine how bones are affected under current 

conditions with the assumption that processes would have been similar in 

the past. Other investigations have focused on observations of the 

archaeological record or present day animal activity (Lam, 1992; Lyman, 

1989). 

Pertinent to the Lake Theo Collection, natural post-mortem 

modification processes include diagenesis, weathering, abrasion, 

trampling, root etching, carnivore and rodent gnawing, and burning. 

Human-induced post-mortem processes include cut marks, fracture 

patterns, and blow marks. 

While the distinctions between human-induced and natural 

modification patterns have long been a subject of debate, recent 

experimental research and techniques have enabled the distinctions to be 

made at an acceptable level (Buikstra and Swegle, 1989; Fiorillo, 1989; E. 

Johnson, 1985; Von Endt and Ortner, 1984). A great deal of variation within 
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specimens and each burial or exposure condition is a distinct set of 

circumstances that causes a bone to react differently to modifying agents. 

Some of the techniques used to distinguish hominid modifications from 

natural include examination of the bone for location of marks, 

directionality of marks, vertical shape of mark in cross-section, color, and 

presence of cracks and polished surfaces. Modification processes in 

themselves do not tell a complete story of events that occurred to a bone or 

set of remains. It is combined modification processes or lack of certain 

processes that enable an investigator to determine events such as the 

exposure time, time since death, and whether or not the death was caused 

by hominids. The context the bones are found in also plays a role in event 

reconstruction. 

Not enough experimental or observational work has been done with 

many of the natural agencies of bone modification, especially those that are 

smaller and more obscure. Familiarity with the characteristics of natural 

and human-induced modification patterns enables one to determine events 

that occurred in the peri-mortem and post-mortem periods. Agencies of 

modification are only limited by the marks displayed and the knowledge of 

the different possibilities. In some cases, a positive identification of an 

agent of modification may not be possible. However, by studying 

combinations of patterns, a most likely history of the object can be deduced. 

Natural Bone Modification Processes 

Natural modifications are caused by physical and biological agents, 

such as air, water acidity and alkalinity, salts, temperature, organisms, 

and their interactions. Chemical agents such as water and oxygen activate 
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other agents of decay, facilitate chemical reactions, and can abrade objects 

(Cronyn, 1990). Salts can build up on bones and obscure their surfaces. 

Temperature influences the rate of chemical reactions and biological 

growth (Cronyn, 1990; Schiffer, 1987). Overburden weight can deform 

bones, and organisms deteriorate them (Cronyn, 1990). The presence and 

effects of natural modification processes and their rates are dependent on 

the immediate environment surrounding the bone. 

Physical Processpa 

Physical processes include the chemical, environmental, and 

geological agencies of bone modification, including diagenesis, weathering, 

and abrasion. 

Diagenesis 

Events occur after burial that alter the composition of bones. The 

"alteration after burial" is termed diagenesis (Lyman, 1994:417). 

Diagenesis includes all physical and chemical changes that occur in bone 

remains as they are altered from their original state and become fossilized 

(Behrensmeyer et al., 1989; Lyman, 1994). 

At least four properties of depositional matrix affect skeletal 

preservation: pH (soil acidity), aeration, moisture, and bacterial action 

(Chaplin, 1971; Gordon and Buikstra, 1981; Qrtner et al., 1972). Resultant 

post-burial modifications include petrification, mineralization, corrosion, 

deformation, fracturing, and movement (Lyman, 1994). 

The disintegration of buried bone is the end result of a comphcated 

series of separate chemical reactions. The interaction between ground 
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water and dissolved salts, and the disruption of the protein-mineral bond is 

central to the degradation process (Von Endt, 1984b). As the bond is 

weakened, the interior portions of the bone are more accessible to 

environmental agents that cause disintegration. It begins with the 

hydrolysis of bone protein in conjunction with spontaneous mineral crystal 

changes that weaken the mineral-protein bond (Nicholson, 1993; Von Endt, 

1984b). Water and soil minerals make substitutions in the crystal lattice of 

bone mineral to weaken further the bond (Von Endt, 1984b). Protein 

degradation causes the unwinding of the helix formation in conjunction 

with the breaking of polymer chains through the addition of water that may 

cause the bones to become friable and soft (Von Endt, 1984b). 

As faunal remains are more deeply buried, the weight of the 

sediment becomes greater and sediment overburden may deform or 

fracture buried bones (Lyman, 1994; Shipman, 1981). Rapid burial may 

crush or break the buried remains, whereas slower deposition may produce 

plastic deformation (Shipman, 1981). Post-burial movement also affects 

spatial distributions in the fossil record (Lyman, 1994). 

The rate of decay and dissolution of bone material is dependent on the 

bone's size, porosity, and chemical and molecular structure (Micozzi, 1991; 

Von Endt and Ortner, 1984). Experimental research has documented that 

more-porous tissue decays more rapidly than less-porous, or more dense, 

tissue (Chaplin, 1971; Gordon and Buikstra, 1981; Micozzi, 1991), and that 

small bone elements preserve less well than large bone elements (Von Endt 

and Ortner, 1984). The more-porous bones allow for quicker diffusion of 

groundwater into the tissue and, thus, the quicker the protein-mineral 

bonds are altered (Von Endt and Ortner, 1984). Age, species, environment, 
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and nutritional status of a specimen affect the bone density and, therefore, 

affect survivability rates (Gordon and Buikstra, 1981; Micozzi, 1991; Price, 

1989). Low survivability rates for less dense elements may cause an under-

representation of smaller species, younger individuals, and smaller 

skeletal elements in the fossil record. 

Weathering 

Weathering is the decomposition and destruction of bones from 

exposure that begins when the soft tissue of an individual is removed 

(L5anan and Fox, 1989). Weathering usually occurs on the surface of the 

ground (subaerial weathering), although it can also occur after burial 

(chemical weathering) (Behrensmeyer, 1978; E. Johnson, 1985). It is 

defined as "the process by which the original microscopic organic and 

inorganic components of a bone are separated from each other and 

destroyed by physical and chemical agents operating on the bone" 

(Behrensmeyer, 1978:153). The chemical processes and desiccation of the 

bone lead to changes in its physical properties and chemical structure, 

therefore influencing the way a bone fractures (E. Johnson, 1985). 

Weathering and resulting desiccation of bone in open areas can result in 

surface cracking (Steele and Carlson, 1989), longitudinal and sphntered 

fractures (Behrensmeyer et al., 1989), exfoliation, and edge rounding and 

crumbling (Behrensmeyer, 1978). 

Bones exposed above the ground show signs of weathering caused by 

sunlight, wind, water transportation, or frost action (Chamberlain, 1994). 

Weathering begins as fine parallel surface cracks that become 

progressively deeper and wider with longer exposure times (Behrensmeyer, 
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1978; Tappen, 1994). The surface then begins to deteriorate by exfohation, a 

delamination of the cortical surface along the longitudinal axis following 

the spUt line cracks (E. Johnson, 1985). The stages of chemical weathering 

are thought to be the same as subaerial weathering (Lyman, 1994). 

Behrensmeyer (1978) formaUzed the stages of subaerial weathering 

for large mammalian remains. The stages progress from fresh bone with 

no signs of weathering, to complete disintegration at Stage Six 

(Behrensmeyer, 1978). The rate at which bone passes through these 

weathering stages depends on the density of the bone, condition of the 

surface or burial environment including soil pH and the amount of shade 

in the area, and the length of time the bone is subjected to subaerial 

weathering (Behrensmeyer, 1978; Lyman and Fox, 1989; Marean, 1991; 

Schiffer, 1987; Tappen, 1994). All environmental conditions must be taken 

into account when determining weathering rates. Weathering causes 

selective preservation of larger skeletal elements and small compact bones. 

The larger and denser bones weather more slowly than other elements and, 

therefore, bones from different sized animals weather at different rates 

(Behrensmeyer, 1978). Faster weathering rates for small animals may 

cause them to be under-represented in the faunal assemblage (Von Endt 

and Ortner, 1984). Temperature and humidity variations in the local 

climate cause stress and weathering cracks by expanding and contracting 

the bone (Lyman and Fox, 1989). The rate of subaerial weathering in arid 

environments has been calculated at approximately nine months exposure 

(Galloway et al., 1989); whereas the rate of subaerial weathering in more 

humid environments has been found to be slower (Tappen, 1994). The 
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faster rate in arid environments is due to the excessive drying and 

temperature variations that increase the extent of cracking (Tappen, 1994). 

The type of subaerial weathering exhibited by bones in humid 

environments also is different. Less cracking occurs in humid 

environments and the cracking that does occur begins on the underside of 

the bone as opposed to the top as in the savanna environment. Lack of 

direct sunlight also limits bleaching and cracking (Tappen, 1994). 

Chemical weathering rates have not been calculated although are assumed 

to be slower than surface rates (Lyman, 1994). 

Using subaerial weathering rates, it is possible to estimate how long 

a bone has been exposed, or how much time a bone assemblage took to 

accumulate (Lyman, 1994; Tappen, 1994). Modifications such as the degree 

of cracking can be used to estimate the time of exposure or weathering 

stage (Behrensmeyer, 1978; Tappen, 1994). Subaerial weathering does not 

always imply a long duration in assemblage formation (Lyman and Fox, 

1989) as it is dependent on surrounding conditions. A bone that displays a 

range of subaerial weathering stages may have undergone slow burial, or 

multiple burials and partial re-exposure (Lyman and Fox, 1989) 

complicating the exposure time estimates. Also, because exposure begins 

when soft tissue is removed, and soft tissue is not always removed at the 

same time, variations in subaerial weathering stages can occur within the 

same carcass as well as between carcasses deposited at the same time 

(Lyman and Fox, 1989). Subaerial weathering stage or absence of 

weathering can aid in reconstructing local paleoenvironments, as different 

environments cause differential weathering patterns (Galloway et al., 1989; 

Tappen, 1994). 
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Subaerial weathering, including the drying of fresh bone, alters the 

mechanical behavior of bone and causes post-mortem microcracking (E. 

Johnson, 1985). The extent of weathering affects how a bone will respond to 

post-mortem force and, therefore, the breakage pattern produced. 

Weathering patterns may alter the size and structure of marks on a bone 

(Marshall, 1989), obscuring other modification agencies. 

Abrasion 

The movement of rocks or gravel against bone produces abrasion 

marks. This movement may be caused by a number of processes including 

wind erosion, sand erosion, trampling, fluvial action, or carnivore 

digestion (E. Johnson, 1985). Abrasion produces fine, shallow, randomly 

oriented scratches concentrated on the most prominent parts of bones 

(Chamberlain, 1994) and smoothes out sharp features of bones. Abrasion 

patterns are more likely to occur on bones in the later weathering stages as 

they are drier, softer, and more likely to accept modification than those in 

earlier stages (Lyman, 1994). 

Abrasion caused by aeoUan activity (wind erosion) or fluvial action 

(water transport) is characterized by pitting, smoothing, and rounding of 

projecting parts of the bone (Behrensmeyer et al., 1989; Chamberlain, 1994) 

including fracture edges (E. Johnson, 1985). Fluvial action usually abrades 

the entire surface whereas aeolian activity tends to abrade only the exposed 

or top surface of specimens (Lyman, 1994). Water transport may produce 

bone segments and horizontal tension failure due to rolling and tumbling 

(Behrensmeyer et al., 1989). 
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Biological Proceflses 

Biological modifications include those caused by plants and animals, 

such as root action, carnivore and rodent gnawing, and trampUng. 

Root Action 

The roots of plants exude acids that dissolve bone and cause etching 

when in contact (Lyman, 1994; Schiffer, 1987). Most etching occurs on 

buried bones; however, mosses and hchens can cause etching on surface 

bones also (Lyman, 1994; Tappen, 1994). Root etching is characterized by 

shallow, multidirectional grooves that are U-shaped in cross section 

(Andrews and Cook, 1985). The patterns have been described as wandering 

(Marshall, 1989) and wavy Unes (Lyman, 1994). The grooves usually are of 

a lighter or whiter color than the rest of the bone, but can be stained darker 

than the bone (Lyman, 1994). 

The characteristic smooth U-shape of root-etched marks and their 

multidirectional nature make them easy to distinguish from human-

induced butchery marks that are V-shaped in cross section (Lyman, 1994). 

Root-etched marks are more intricate and multidirectional than scoring 

marks by carnivores. 

The existence of root etching on a specimen can aid in determining 

that specimen's history. For root marks to be present, the bone must not 

have been disturbed for a length of time. It also indicates a "plant-

supporting sedimentary environment" (Lyman, 1994:376). The rates of root 

etching have not yet been determined (Lyman, 1994; Micozzi, 1991). 

However, rates would vary according to plant type and environment. 

Positioning of root marks may aid in determining the sequence of events 
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that occurred. For example, root marks on a bone but not on a fracture 

surface would imply that the bone fractured after root etching had taken 

place and, therefore, most Ukely fractured post-depositionally (Lyman, 

1994). 

Carnivore and Rodent Gnawing 

Animals are known to scavenge carcasses, altering the remains and 

producing damage patterns that obscure or complicate patterns occurring 

during and after death (perimortem and postmortem), including the cause 

of death. Carnivores (dogs, wolves, hyenas) cause distinctive marks on 

bones such as pitting, punctures, horizontal tension failure, and scoring 

(Binford, 1981; FioriUo, 1989; Lam, 1992; Lyman, 1989, 1994; Micozzi, 1991). 

Rodents produce gnaw marks easily distinguished from those made by 

carnivores (E. Johnson, 1985). Gnaw marks by rodents and carnivores 

normally are located on the epiphyseal end of long bones (E. Johnson, 1989; 

Micozzi, 1991). 

Carnivores chew, crush, gnaw, splinter, scoop, and even partially 

digest bone causing a variety of modifications (E. Johnson, 1985). 

Characteristics of carnivore gnawing are broad, deep grooves that are U-

shaped in cross section (Fiorillo, 1989), occasionally with fragments 

crushed inward; scoring of cortical bone around the articular or epiphyseal 

ends (Steele and Carlson, 1989); and punctures or pressure pits by the tips 

of the teeth (Lam, 1992; Lyman, 1989; Micozzi, 1991). The punctures are 

circular, or inverted cone-shaped, depressions (E. Johnson, 1989) with 

fragments of bone crushed inward toward the bottom of the circle (Lyman, 

1989). A pressure pit is an indentation where insufficient strength was 
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applied to penetrate the surface (Haynes, 1983). Scoring is caused by teeth 

dragging over compact bone, etching parallel scratches that contour the 

bone. Unhke cut marks, scoring normally is curvilinear and follows the 

contour of the bone. Scooping is the licking of the inside shaft of a bone for 

marrow after breakage, normally on large proximal ends, and causes a 

jagged, thin-edged bone wall (E. Johnson, 1985). Partial digestion of bone by 

carnivores usually is due to accidental swallowing of small bone elements 

(Marean, 1991) and produces polished surfaces, circular holes, and sharp 

edges (E. Johnson, 1985). 

The scavenging of remains by carnivores also affects the distribution 

of bones and how the different component parts of an individual will be 

modified by other processes. Once the remains have been disarticulated by 

scavengers, the resulting units are transportable by animals or other 

factors such as water. The transporting of partial segments of the body can 

result in differential weathering, insect succession, or root damage to the 

individual parts. Disarticulation also increases the rate of decomposition of 

bodies, therefore increasing the rate of weathering and other modification 

stages. Scavenging rates are unpredictable. However, they are affected by 

conditions such as accessibility (carcass exposed to the elements), meat 

content, scavengers in the area, and the availability of alternative food 

sources (Marshall, 1989). 

The affects of rodents on skeletal remains are similar to those caused 

by carnivores, yet can easily be distinguished. Like carnivores, rodents 

alter the death scene and can destroy or alter indicators of the cause of 

death. Marks left by rodent incisors are straight parallel grooves that are 

paired, broad, and shallow (Fiorillo, 1989; E. Johnson, 1985). The grooves 
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normally extend from the outer to inner surfaces with a uniform pitch. 

Often described as fan-shaped grooves (Chamberlain, 1994), they are 

normally concentrated on the projecting areas of bones such as the 

epiphyseal cartilage and the adjacent long bone shaft (Chamberlain, 1994). 

The grooves are not always distinct and parallel as rodents and other 

scavengers can gnaw bone multiple times leaving overlapping grooves. 

Rodent gnawing is distinguished from carnivore gnawing by the rodent's 

parallel incisor furrows and uniform pitch from the inner to outer 

surfaces. 

Trampling 

Trampling is a form of abrasion caused by animals, including 

humans, walking on bones either buried or on the surface. The study of the 

effects of trampling have focused on: creation of marks on bones; fracturing 

of bones; and spatial displacement of bones (Lyman, 1994). Trampling 

marks characteristically are shallow, subparallel scratches on the shafts of 

bones that are between V-shaped and U-shaped in cross-section (Fiorillo, 

1989). The marks are different than carnivore and rodent gnaw marks and 

can be distinguished from cut marks using a combination of criteria (Qlsen 

and Shipman, 1988). Trample marks tend to be more randomly oriented 

and multidirectional, have a shallower groove and different microfeatures 

in comparison to butchering marks (Qlsen and Shipman, 1988; Lyman, 

1994). 

Trampling of bones may cause fragmentation (Qlsen and Shipman, 

1988). Susceptibility to fragmentation is related to the degree of weathering 

of the bone as well as to its shape. Fresh bone elements are less Ukely to 
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break during trampling than weathered and cracked bone elements. Sohd 

bone elements with thicker cortical bone also are less likely to break during 

trampling than elements with thin cortical bone (Qlsen and Shipman, 

1988). 

Spatial displacement of bone, including horizontal and vertical 

movement, can be caused by trampling (Qlsen and Shipman, 1988). Most 

horizontal movement takes place while the bone is on the surface, before 

burial, and is susceptible to scuffing and kicking (Qlsen and Shipman, 

1988). The compactness of the soil may be related to the degree of horizontal 

movement because soft soil would enable the bone to be buried faster, and, 

therefore, would less likely be kicked. Vertical movement is most often 

downward. However, some evidence indicates upward movement in loose 

sediments (Qlsen and Shipman, 1988). Trampling also can rotate bones 

affecting their orientation and declination (Qlsen and Shipman, 1988). 

Burning 

Burning can occur on bones due to natural and human-induced 

processes before or after burial. Natural, or unintentional, burning occurs 

through forest fires, grass fires, proximity to man-made fires, or the in situ 

burning of dry organic matrix (Lyman, 1994; Shipman et al., 1984b). 

Human-induced, or intentional, burning may be indicative of food 

preparation. Before determinations of intent are made, positive 

identification of burning characteristics are necessary. 

Care must be taken in identifying burned bones and their agents as 

burned bone may resemble weathered bone in certain instances. Burning 

at low temperatures for a period of time could resemble the latter stages of 
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weathering and sun bleaching turns bones as white as the latter stages of 

burning (Behrensmeyer, 1978). Like weathering, burning also can obscure 

other modification patterns and processes. 

The two primary methods of analysis for burning are determination 

of color and X-ray diffraction. Burning is categorized into a minimum of 

two stages, although some researchers subdivide the scale further into 

grays and blues (E. Johnson, 1989; Shipman et al., 1984b). The first stage 

occurs as the collagen in the bone becomes carbonized, turning the bone 

black in color (Brain, 1981). With continued heating, the black carbon is 

oxidized and the bone becomes white in color and has a chalky consistency 

(Brain, 1981). Distinguishing burned bone from unbumed bone can be 

made by these color differences and the brittleness of the bone, as burned 

bone is more brittle than unburned and, therefore, more likely to occur in 

fragments (E. Johnson, 1989). 

The use of color in determination of burning may not always be 

reliable (Nicholson, 1993). Changes in color also are caused by sediment or 

soil conditions (Nicholson, 1993; Owsley, 1993; Taylor et a l , 1995). For 

example, manganese dioxide in soil will cause bones in the deposit to turn 

black in color (Nicholson, 1993). 

Whether or not the bone was intentionally burned is more difficult to 

determine. Naturally burned bone is rarely subjected to the prolonged 

burning or high temperatures necessary to calcine (turn white) the bone 

(Lyman, 1994; Shipman et al., 1984b). Bone in the second stages of burning 

infers prolonged fires of high temperature, such as those used in cremation 

(Nicholson, 1993), and, therefore, usually is human-induced burning. 

Inferences of whether the burning was intentional or not may be coupled 
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with the context in which the bones were found (e.g., in association with 

fire pit), although context alone is not reUable evidence (Marshall, 1989). 

Shipman et al. (1984b) assigned stages according to color and 

microscopic morphology that can then be correlated to approximate 

temperatures (Shipman et al., 1984b). While Shipman et al. (1984b) 

acknowledge color as an imprecise criterion because investigators see 

colors differently, and because bones respond differently depending on 

environmental factors, a combination of color and microscopic changes is 

effective in determining burning temperatures and, therefore, agent. The 

determination of agent by the color of a burned bone has been challenged 

because the color of the bone will vary depending on the position of the bone 

in the fire and the duration of burning (Nicholson, 1993). Color, therefore, 

provides a general guideUne to whether or not a bone is burned and the 

temperature a bone has achieved (Nicholson, 1993). 

Once determined if the burning is natural or human-induced, 

determinations can be made if the culturally-burned bone was due to the 

disposal of food waste or from the cooking of food. Intentionally burned 

bone is usually fresh at the time of burning, and fresh bone reacts 

differently to burning than dry bone. Cracking patterns are deeper and 

more frequent when fresh bone is burned (Buikstra and Swegle, 1989). 

Human-Induced Bone Modification Processes 

Before attributing bone modifications to human agents, natural 

agents of modification must be considered and excluded. In order to 

separate human from naturally-induced bone modifications, the bones 

must be examined macroscopically and microscopically. The three main 
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modifications that are involved with human behavior in butchering 

technology are distinctive cut marks, blow marks, and fracture patterns. 

Cut marks on bones are caused by humans using sharp metal or 

lithic tools. Cut marks are distinguished from natural modification 

processes by their morphology, location, and direction. They are 

characteristically V-shaped in cross section, have microfeatures such as 

striae, and consist of a groove (or parallel grooves) that show a purposeful 

direction (E. Johnson, 1989; Shipman et al., 1984a). Unlike trample marks, 

cut marks often are located on the ends of long bones in areas of muscle 

attachment. They may also occur in other locations for anatomical reasons 

depending on the type of butchery conducted (E. Johnson, 1987). The 

straight, parallel nature and V-shape of cut marks distinguishes them 

from carnivore gnawing or root marks. Cut marks associated with 

butchery indicate the deliberate defleshing or dismemberment of animals. 

Blow marks are caused by percussion through an impactor on bone. 

The reduction of bone causes distinctive patterns based upon the implement 

used. A blow depression may be a circular, crushed, inverted cone when 

inflicted by a lithic hammerstone, or an ovoid depression with a ruptured 

central crack that has one or more subsidiary cracks emanating from that 

central line when inflicted by a bone expediency tool (E. Johnson, 1987). 

Fracture patterns are the response of bone to force. The t3T>e of 

fracture pattern is dependent upon the method used to fracture the bone, 

which in turn is dependent upon the purpose of the fracture. If the purpose 

of bone breakage is marrow processing, the blows generally occur along the 

diaphysis and cause radial fractures (E. Johnson, 1987). If the purpose of 

bone breakage is the manufacture of bone expediency tools, multiple blows 
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to the diaphysis at the same location would cause a main fracture into two 

segments and few radial segments (E. Johnson, 1987). Fracture patterns 

created also are dependent upon the condition of the bone during fracture. 

The response of fresh (wet) bone to force is different than the response of dry 

and weathered bone to force. A hehcal fracture is caused when force is 

appUed to fresh long bones (E. Johnson, 1989). A helical fracture does not 

imply, however, that the fracture was human-induced (E. Johnson, 1989). 

A combination of evidence must be considered when attributing 

modification marks to human behavior. To be certain that humans caused 

the modifications, the morphology of the marks themselves must be 

considered as well as the presence or absence of other marks found in 

association. 

Excavation Environment 

Over time, bone may adjust to its burial environment, causing its 

deterioration rate to slow down, and it is said to be in a state of 

"equilibrium" (Cronyn, 1990; Pye, 1984). Bone that does not reach a state of 

equilibrium continues to deteriorate until it is destroyed. When a bone is 

excavated, the state of equilibrium is altered and the bone is exposed to a 

different environment that accelerates the deterioration rate (Pye, 1984). 

The effects that the new environment has on the bone are variable 

depending upon the differences between the burial environment and the 

exposure environment. For example, bones recovered from a damp burial 

environment will react negatively to exposure in a dry, hot environment. 

The differential temperature and sudden drying will cause shrinkage and 

cracking of the bone (Bradley, 1994). 
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Excavation can re-activate agents of deterioration and introduce the 

bone to new ones (Cronyn, 1990; Bradley, 1994). Immediately, the bone is 

exposed to oxygen (a catalyst for chemical reactions) and sunlight, that 

causes photochemical reactions and a rise in temperature. The relative 

humidity (RH) of the atmosphere to which it is introduced also has a great 

effect on the bone. A sudden rise in RH causes the swelUng of the collagen 

in the bone. Fluctuations in temperature and RH are even more destructive 

as the bone swells and contracts, putting strain on the bones and causing 

cracking, warping, flaking, and structural damage (Cronyn, 1990; Bradley, 

1994). 

Not only is the bone subjected to a new and sudden environment, but 

methods used to recover the bone also contribute to its deterioration. 

Shovels and trowels can damage bone as it is being exposed. Removal of a 

fragile bone without proper support causes fragmentation and 

disassociation. Often, the sediment surrounding a bone provides its only 

means of support and articulation and, therefore, it should be removed with 

the surrounding sediment intact (Cronyn, 1990; Pye, 1984). On-site 

cleaning and stabilization attempts may adversely affect the condition of the 

bone if done incorrectly or by inexperienced field members. Cleaning is an 

irreversible process that requires different methods depending upon the 

condition of the bone. If done incorrectly or with the wrong materials, it 

may add impurities to the bone or cause swelling and cracking. Incorrect 

materials and methods of stabilization may have long-term effects on the 

stability of the bone. Irreversible attempts at stabilization leave bone not 

only unstable and fragile, but also may conceal surface modifications and 

other evidence of past behaviors and environments. 
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Poflt-Rxcavation Environment 

Once the bone has been exposed during excavation, its subsequent 

care determines its long-term preservation. The agents of deterioration 

continue to affect the bone during its transfer from the excavation area and 

storage in the museum or repository. Post-excavation agents of 

deterioration include: light, temperature, relative humidity, direct physical 

force, organisms, contaminants, and mishandling. 

Both visible and invisible Ught (UV) cause damage to objects by 

degrading the molecular structure (Bradley, 1994; Lull and Merk, 1982; 

National Park Service, 1990). Light damage is cumulative and irreversible 

(Feller, 1964). However, bone is classified as moderately sensitive to light 

(Lull and Merk, 1982) and some light damage is unavoidable. The amount 

of damage caused by Ught is dependent upon the condition of the object and 

the length of time the object was exposed. The effects of exposure include 

shrinking and cracking. 

Temperature and relative humidity (RH) are inter-related agents of 

deterioration. Relative humidity is the ratio of the amount of moisture at a 

given temperature that a space is holding compared to the amount it could 

hold if saturated. Warm air holds more moisture than cold air. 

Temperature is an agent of deterioration when it fluctuates or is too high or 

too low. When the temperature is high, chemical reactions are faster, 

organism activity greater, and many objects expand when heated. In 

general, the post-excavation environment has a much higher temperature 

than the burial environment. Relative humidity is an agent of deterioration 

when it is damp, above, or below the critical value, or is fluctuating 

(Michalski, 1993; Pye, 1984; Thomson, 1986). Bone is hygroscopic, meaning 
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it absorbs and releases moisture to obtain equilibrium with the 

environment. An incorrect RH can cause stress on bone. However, it is 

fluctuations in temperature and relative humidity that are the most 

damaging, often causing physical damage such as cracking and warping 

(Buck, 1964; Michalski, 1993; Pye, 1984). High RH increases the UkeUhood 

of biological growth and insect infestations (Buck, 1964; Pinniger, 1994; 

Thomson, 1986). 

Deterioration or damage to objects can be caused by direct physical 

force such as shock, abrasion, gravity, and improper handUng or support 

(Michalski, 1993). During transport, bones are subjected to physical 

movement and may damage one another if improperly packaged. Once in a 

museum, improper handling may cause damage, or improper storage may 

cause long-term damage to the bones (Bradley, 1994). Damage may be 

caused by bones being stacked upon on another, abrading against other 

bones or objects, or by being placed in direct contact with an abrasive 

surface. Fragile bones wiU deteriorate without stabilization treatment and 

proper support. 

Organisms are a threat to organic objects in any environment, 

although incorrect temperature and RH may increase the threat by 

providing ideal habitats. Dust and dirt are hygroscopic, holding enough 

moisture to support pests. Pests (including microorganisms, insects, and 

vertebrates) may use organic objects as a food source and cause irreversible 

damage (Linnie, 1994; WiUiams and McLaren, 1990). Fumigation for 

museum pests may damage organic objects and cause health problems for 

museum staff (Linnie, 1994; WilUams and Walsh, 1989). 
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Contaminants (such as dust, smoke, salts, acids, and air pollution) 

affect objects primarily by attracting pests (Baer and Banks, 1994; National 

Park Service, 1990). Dust and dirt are particulate pollutants that also can 

be abrasive agents. Particulates may adhere to consoUdants or adhesives 

on treated objects (Pye, 1984). Gaseous pollutants, including organic acids 

from wood products, combine with moisture and contribute to the 

structural deterioration of objects (National Park Service, 1990). Sources of 

indoor pollutants include building materials, un-filtered HVAC systems, 

exhibit and storage materials, and museum objects themselves (National 

Park Service, 1990). 

The excavation and post-excavation environments can be as 

destructive as the burial environment in affecting the stability of objects. 

Destructive factors in the burial environment cannot be controlled by 

excavators or researchers. However, the excavation and post-excavation 

environments must be recognized and controlled in order to have a stable 

and researchable collection. 
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CHAPTER III 

METHODOLOGY 

Introduction 

Two methodologies were employed with the Lake Theo CoUection, one 

for management and one for analysis. The management of the Collection 

followed standard preservation and collection management ethics and 

principles (Anonymous, 1994; Appelbaum, 1987; Ashley-Smith, 1994; 

Cronyn, 1990; Pye, 1984). AH procedures undertaken in the management of 

the Collection were recorded. Although non-intrusive methods are 

preferable for archaeological collections, the Lake Theo bones were 

deteriorated beyond passive preventive conservation measures and required 

intrusive treatment. The analysis methodology used was not destructive or 

intrusive, but relied solely on observations, and aU results were 

documented. 

Management Methodology 

The Collection was transported to the Museum from PPHM in 

Canyon, Texas in a covered truck. Certain segments of the Collection, 

including the plaster display blocks (Harrison and KiUen, 1978), were too 

fragile to transport and, therefore, were not part of the loan nor part of the 

Collection Management Plan developed. The Collection was instaUed in the 

Quaternary Research Center (QRC) at the Lubbock Lake Landmark (a 

research unit of the Museum), where it was housed for the extent of the 

loan. The QRC is a secured and environmentally-controlled building, 
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meaning the temperature and relative humidity are kept at a constant. 

Access to the building is Umited to authorized personnel by key distribution. 

Inventory 

Inventory is the itemized account of objects in a coUection, providing 

accessibility to the collection, security, and accountability. An inventory 

minimally contains a description of each object, its condition, and its 

location. Conducting an accurate inventory aUows for a close examination 

of the objects in a collection (Pye, 1984) and identifies conservation problems 

(Pullen, 1985). An initial inventory of the Lake Theo Collection by the 

PPHM was done by examining the documentation and information written 

on the boxes only, and not by examination of each individual object. 

A second inventory of the Lake Theo CoUection was necessary in 

order to gain an accurate reflection of the size of the CoUection and its 

makeup, and to make accurate estimates on time and resources needed to 

process the CoUection. The inventory aUowed the condition of the Collection 

objects to be assessed. The condition of objects formed the basis for 

establishing priorities in the processing of the Collection. The inventory 

also included provenience data later used in organizing the Collection. 

Because the Collection was on loan from the PPHM, the inventory did not 

contain location information. 

Cleaning 

Through the inventory and close examination of the objects, it was 

determined that the bone material was in the most need of preservation and 

its cleaning and stabihzation would be the highest priority in the 
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management of the Collection. Lithics, sediments, photographs, and other 

documentation were stable and not in need of immediate care. Bones 

generated during the 1974 excavation made up the majority of the 

CoUection, and these bones were less stable than bones recovered from the 

1977 excavation. The 1977 bones were more stable because they had been 

removed from their matrix sediment and most had been immersed in an 

irreversible preservation solution (Elmer's glue). Therefore, the cleaning 

and stabihzation of the bone material collected during 1974 was prioritized. 

The matrix sediment encasing and adhering to some of the 1974 

bones was obscuring the identification of the individual elements and 

modifications present on the bones. As well as holding moisture that can 

damage the bone (forced to expand and contract, causing stress and 

possible fracture), the matrix sediment adds weight and physical stress to 

the bone that could be reUeved by cleaning. Matrix sediments also attract 

pests and cause dust in the collection areas. Dust contains a mixture of 

micro-organisms (spores of molds and fungi) that live on the organic 

material in the dust (Moncrieff and Weaver, 1992). When the dust settles on 

objects, the micro-organisms attack organic components. Dirt on bones 

also is hygroscopic, meaning it attracts water, encouraging the growth of 

molds (Moncrieff and Weaver, 1992). 

Cleaning involves the removal of surface deposits so that the surface 

of an object is exposed. Cleaning provides a close examination of an object, 

and a better feel for the object's stabiUty. The surface of a bone may be softer 

than initially assumed (Schiffer, 1987). To prevent sediment from adhering 

to the bone, untreated bone must be cleaned before preservation treatments 

are conducted. The cleaning process is not reversible (Appelbaum, 1987), 
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as once removed, sediments cannot be replaced. Decisions must be made 

as to when cleaning is sufficient without compromising the integrity of the 

bone. The inventory identified calcium carbonate deposits on many of the 

bones. Hydrochloric acid can be used to dissolve calcium carbonate 

deposits, however, it is not recommended for use on calcium carbonate 

adhering to bone. Calcium carbonate is chemically very similar to the 

mineral in bone (hydroxyapatite) and it is impossible to dissolve the calcium 

carbonate without also dissolving the hydroxyapatite. As the hydrochloric 

acid would cause damage to the bone, the removal of the calcium carbonate 

deposits was not attempted (Dowman, 1970; Schiffer, 1987). 

Water is an acceptable solvent to use in the cleaning of stable bone as 

long as smaU amounts are used and the bone is not soaked (Cronyn, 1990; 

Moncrieff and Weaver, 1992). Soaking or immersing the bone in water 

forces the expansion and contraction of the bone, causing stress and 

cracking. Water, if used correctly, is not harmful to bone, and it is 

inexpensive, readily available, and not hazardous to people. Although 

distilled water is preferable to tap water because it contains fewer 

impurities, bulk quantities of distiUed water was not readily avaUable when 

the Lake Theo Collection was cleaned and tap water was used. 

Acetone is recommended for the cleaning of weak bone because of its 

properties of driving out water and accelerating the drying of water from 

wet objects (FeUer et a l , 1985; Moncrieff and Weaver, 1992). Acetone 

evaporates rather than soaking into the bone, preventing the expansion and 

contraction that other liquids may cause. Reagent grade acetone is used 

because it has fewer impurities than other grades and consists of 98-100% 

pure acetone (Feller et al., 1985). Impurities in the solvents used to clean 
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objects may coat the objects, obscuring their surface; may react with other 

materials; or, may add corrosive or other destructive materials to the 

objects. 

Stabilization 

Stabilization, a form of preservation, is the process of making an 

object physically and chemically stable. A stable object allows for safe 

handling during research and in its collection management. Any object 

stabilization should interfere minimally with the object (Cronyn, 1990). A 

non-intrusive method of stabUization is the manipulation of the 

environment to decrease the agents of deterioration. When objects, such as 

the Lake Theo bones, are in the late stages of deterioration and passive 

stabilization is insufficient, an intrusive method is necessary. Intrusive 

stabihzation involves the introduction of preservatives that wiU aid in 

prolonging the Ufe of an object by providing strength. 

Even when an intrusive method is used, passive stabUization 

methods must be used in conjunction. Before, during, and after treatment, 

correct handling, packaging, and storage of the bones are essential to their 

stabUization (Pye, 1984). A steady temperature and RH must be 

maintained, and other agents of deterioration limited (Schiffer, 1987). 

Passive stabilization methods are also termed "preventive conservation" 

(Anonymous, 1994). 

Many of the Lake Theo bones had been treated previously with an 

Elmer's glue solution. Elmer's Glue-All, a polyvinyl acetate emulsion, is 

readUy avaUable, easy to apply, and allows for bone elements to be recovered 

relatively intact (J. Johnson, 1994). The long-term effects of the Elmer's 
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treatment on preservation, however, often are overlooked (J. Johnson, 1994; 

Stone et al., 1990). After the solution is set, it is no longer dissolvable in 

water or any other solvent due to crosslinking (J. Johnson, 1994; Stone et 

al., 1990). Crosslinking is "the joining of polymer molecules by chemical 

bonds" (J. Johnson, 1994:231). Elmer's glue also is susceptible to mold 

growth, and does not penetrate weU (Koob, 1984; Stone et al., 1990). Because 

of its irreversible nature, Elmer's no longer is suitable as an adhesive or 

consolidant. 

When the product was first put on the market by the Borden 

Company, Elmer's Glue-All was made from casein and was considered an 

acceptable adhesive and consolidant because it was soluble in water. 

Between 1967 and 1972, the Borden Company changed the formula for the 

glue to a PVA emulsion that is not soluble in anything after drying (Borden 

Company, personal communication, 1982). Many people in the 

archaeological community either were unaware that the formula had 

changed or did not know that it woiUd not have the same properties. 

Two techniques had been used to apply the Elmer's solution to the 

Lake Theo bones. One was the application of a thick Elmer's solution on 

one side of the bone, implying it was done in the field. The bones treated in 

this manner were not cleaned before treatment and the solution did not 

penetrate the bone. The one-sided application allowed for subsurface 

deterioration and fragmentation. The second technique was a complete 

immersion in the solution. Sediments appeared to have been brushed off 

before the bones were immersed in the solution. Most of the bones treated 

in this manner were smaU bones, mainly carpals and tarsals, that 

remained intact although glossy. 
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The immersion in the Elmer's solution did preserve intact some of 

the Lake Theo bones that aUowed for measurements of whole bones for 

research. Because the Elmer's treatment is irreversible, however, broken 

edges and surfaces of the bones are unavailable for study and successful 

stabihzation of the bones treated with the solution is difficult (Schiffer, 

1987). While treatment of the bones in the field was necessary, the method 

of treatment was unacceptable. Both of the Elmer's treatment techniques 

obscured the surface of the bones and were ineffective as a consolidant. 

Surface modifications could not be seen through the Elmer's, and many of 

the bones were glued together incorrectly. 

A criteria for good preservation treatment is reversibility 

(Appelbaum, 1987; Ashley-Smith, 1994; Horie, 1987). AU techniques and 

materials used should not impede further treatment. It is often the process 

of consoUdation that is reversible and not the material because even if a 

consoUdant is soluble, it is unUkely that it can be removed completely 

(Appelbaum, 1987). The degree of reversibUity cannot be applied to the 

material in aU instances because the type of object being consolidated must 

be taken into account (Horie, 1982, 1987). Bones that need consolidation 

often are so weak that repeated attempts at removal may cause damage 

(Horie, 1987). ConsoUdation treatments should only be used when 

necessary. 

Stabihzation of bone involves the use of consoUdants that are designed 

to harden a porous material internaUy and provide strength (J. Johnson, 

1994; Newey et al., 1992). The consoUdation of fragUe bone preserves the 

structure of the bone that is necessary for measurement and study by 

speciaUsts (Koob, 1984). ConsoUdation does not prevent the deterioration of 
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any object, but slows the process. Apphed as Uquids, consoUdants are toxic 

and flammable and should only be used when necessary and with proper 

safety precautions. Polyvinyl acetate resins (PVAC), rather than PVA 

emulsions, are accepted consoUdants for the impregnation and 

strengthening of bone (J. Johnson, 1994; Koob, 1984; Stone et al., 1990). 

PVAC is a good choice for bone consohdation because: it is soluble in lower 

ketones (e.g., acetone) and alcohols (e.g., ethyl and isopropyl), avoiding the 

use of more dangerous chemicals for health and safety reasons; it does not 

crosslink; it does not have a high shrinkage factor; penetration is good 

especially when the bone is immersed; it provides internal strength to bone; 

it is compatible with bone and so is its solvent; it has good long-term 

stabUity (J. Johnson, 1994); and, it is practical to use. Penetration is 

especially good if different conservation grades PVAC are mixed together 

and the mix is sufficiently diluted. If the solution is too thick, it will give a 

glossy finish, and as it shrinks in time, could cause distortion of the bone. 

Industrial grade PVAC should be avoided because it contains many 

impurities not found in the conservation grade. 

For management purposes, PVAC was used in various viscosities 

with the Lake Theo bones as a consolidant, adhesive, and in numbering. 

Conservation grade AYAF resin beads were mixed with conservation grade 

AYAT beads in a three to one ratio and covered with reagent grade acetone 

to make the conservation grade PVAC solution. The letters indicate 

different molecular weights that affect solubility, hardness, and strength 

(J. Johnson, 1994). The combination of AYAT and AYAF beads are found 

to provide good solubihty, penetration, and strength while not becoming soft 

and sticky in warm temperatures. Additional acetone is added in varjdng 
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amounts to achieve different viscosities in the solutions. These resins and 

solutions are reversible (Hughes, 1985; Wolf and Denton, 1985). The resins 

are soluble in acetone and the treatments reversible through the appUcation 

of the same solvent. Complete submersion of the object in a thin PVAC 

solution (1-2%) is suitable for bone consolidation, as it is thin enough to 

penetrate completely the bone, therefore, stabUizing it throughout (J. 

Johnson, 1994). Repeated immersion in the solution often are necessary for 

complete penetration, especially with larger objects. A thick solution (20-

25%) is suitable for adhesion of bones that have broken recently. 

Immersion is the preferable method for the stabihzation of bone 

because it provides the best penetration. Therefore, all suitable bone was 

immersed in the 1-2% PVAC solution. Unsuitable bone for immersion 

included bone previously treated with Elmer's, very small bone, and very 

weak bone. No attempt was made to stabUize the bones that had been 

immersed completely in the Elmer's solution because the treatment would 

not penetrate, and, therefore, would be ineffective. SmaU bone scraps were 

not treated due to their smaU size. Stronger bones with no, or small 

amounts of, Elmer's solution were immersed in PVAC solution separately 

to prevent small amounts of Elmer's from entering the PVAC bath and 

contaminating other bones. Very weak and fragile bones were not 

immersed in the PVAC because the immersion process would weaken the 

bone further and cause it to faU apart completely. The PVAC solution was 

applied with a pipette onto fragile bones. If a fragUe bone was covered with 

Elmer's on one side, a pipette was used to apply the PVAC to the other side 

of the bone. 
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Conservation ethics dictate that aU treatments be recorded (Ashley-

Smith, 1994; Cronyn, 1990; Schiffer, 1987). Documents must be kept of 

treatments used and what is removed or added to each object. Records of 

treatments provide researchers and conservators with information on the 

materials and methods used on a collection and when treatments occurred. 

Records faciUtate other treatments that must be compatible, and build a 

database for conservation research on the success of treatments and 

techniques. Conservation records were maintained for the Lake Theo 

CoUection that recorded aU treatments to each bone (Fig. 3.1). The weight of 

the bones, before and after consolidation treatment, were taken to document 

any change in the bone and record the effects of the treatment, including 

the amount of PVAC that was deposited in each bone (Bob Childe, personal 

communication, 1993). 

Cataloging 

Cataloging is the systematic identification of each object within a 

coUection, providing accessibility to information. FuUy documented objects 

(inventory and cataloging) provide security and a basis for accountability 

and use in exhibits and research. Cataloging is object specific, providing 

detailed identification and description of each object. Both inherent and 

attributed data are recorded. Inherent data are data that are basic to the 

object itself, such as size and color. Attributed data are the information 

that is assigned to an object and is contained within the documentation, 

such as provenience and coUecting information. Each cataloged object is 

assigned a unique identifying number that is used to reference that object 

and Unk the object to aU other pertinent documentation. A control form 
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listing each catalog number and a short description of the object prevents 

the dupUcation of catalog numbers, ensures a complete run of numbers, 

and is useful as a quick reference. 

Cataloging of the Lake Theo bones involved the recording of 

provenience, taxonomy, and descriptive data. The identification of skeletal 

element and taxon assisted in determining the species present at the site, 

their abundance, and age groups represented in the assemblage. Attempts 

were made to reconstruct bones with fresh breaks whenever possible in 

order that whole bone measurements could be taken in future research. 

Physically numbering the objects prevents confusion and loss of 

information by being able to correlate the object with the field records. 

Archival ink is used because it is not as susceptible to fading as other inks 

and has less impurities. Numbering must be reversible in the event that 

mistakes are made or number assignments need to be changed. The 

application of a layer of PVAC (15-20%) solution before the number is 

written on the bone makes the process reversible by preventing the ink from 

soaking into the bone, that would contribute to bone deterioration (Wolf and 

Denton, 1985). A second appUcation of PVAC on top of the number is used 

to ensure waterproofing and protect the number from accidental removal 

during handling (Wolf and Denton, 1985). The number is reversible by the 

appUcation of a ketone solvent (e.g., acetone). 

Archival Packaging 

Correct packaging protects objects from light damage, pest damage, 

mechanical damage, acid leaching, and other agents of deterioration. 
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Bones wrapped individually in stable materials are shielded from the 

environment and from one another. 

Bones have been wrapped in acid-free unbuffered (neutral) tissue 

that neutralizes acid materials and prevents atmospheric damage. 

Neutral tissue is stable (chemically inert) and closest in pH to 

proteinaceous materials. Identification tags are included with each 

cataloged bone to provide easy access to information and minimize 

unnecessary handling of the bones. Acid-free lignin-free tags are used 

rather than regiUar paper so that the acids do not leach onto the bones. 

Enclosure in self-closing polyethylene bags creates a stable micro-

environment for each bone. The bones have been arranged and boxed 

systematically according to their provenience to minimize handling and 

maximize accessibility. 

Analysis Methodology 

Due to the large number of bones, analysis of the Lake Theo 

Collection was limited to the identifiable faunal material generated in the 

1974 excavation. All faunal remains were analyzed for evidence of bone 

modification by humans and other agencies. Taphonomic processes would 

aid in determining the events that occurred at the site, including 

estimations of the time period between death and burial, and the agents of 

modification. Marks on bones were examined visually and microscopically 

to determine cause and agent (e.g., weathering-environment, trampUng-

ungulate, butchering-human) (Behrensmeyer, 1978; Bromage, 1984; E. 

Johnson, 1985; Lyman, 1994; Olsen and Shipman, 1988). A Leica MZ12 

Stereomicroscope with a magnification range of 16X-200X was used for the 
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microscopic examinations. Identifiable bones were separated by type of 

modification for confirmation (E. Johnson, personal communication, 1997). 

The extent of subaerial and chemical weathering was determined for 

each of the identifiable bones. The degree of subaerial weathering was 

based on three phases outlined by Behrensmeyer (1978). One of 

Behrensmeyer's stages (Stage 1) was further divided into two stages 

outUned by E. Johnson (1985). Chemical weathering was divided into five 

stages ranging from none to extreme based on the degree of pitting and the 

percentage of the cortical surface remaining. ResiUts of the investigation 

were recorded on the catalog cards for each bone. 

Once the analysis was complete, the taxonomic and morphological 

data recorded during cataloging were compiled. Frequencies of bone 

elements provide information concerning carcass utilization, predator 

behavior, and the Minimum Number of Individuals (MNI). Bones were 

separated by species, then morphological element. The side and age 

represented by each element was taken into account when calculating the 

MNI (Grayson, 1984; Lyman, 1994). The sex represented by each element 

was not considered in the calculation. Stratigraphy in this case was not a 

consideration as aU bones were from the one bone bed. Elements of the 

same approximate age (by degree of epiphyseal fusion; Bement and 

Basmajian, 1996) were separated into left and right components to calculate 

the MNI. 

Information retrieved through the processing and analysis of the 

Lake Theo Collection was compared to that information previously obtained 

during excavation (Harrison and Smith, 1975; Harrison and KiUen, 1978) in 

order to determine the amount of information lost since excavation and the 
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amount of additional information gained during processing and analysis. 

The total number of objects recovered, the MNI, and the taphonomic 

processes identified, were compared. Any information gained would add to 

the interpretation of the Lake Theo site and demonstrate the value of post-

excavation research. Information lost since the excavation of the Collection 

would demonstrate the importance of detailed excavation techniques, 

accurate recovery techniques, and the collection management of 

archaeological materials from the moment of their exposure. 

64 



CHAPTER IV 

COLLECTION MANAGEMENT PLAN 

AND IMPLEMENTATION 

Collection Management Plan 

A Collection Management Plan was devised for the orderly 

processing of the Lake Theo Collection. CoUection management plans are 

variable in scope and are not well documented in the literature. CoUection 

management poUcies are broader and apply to aU of a museum's 

collections (Malaro, 1995). The coUection management plan is specific to a 

type of collection or a particular coUection. It is an outlined series of steps 

that are foUowed during the upgrade of a collection to an accessible and 

researchable level. The CoUection Management Plan for the Lake Theo 

Collection was designed to estabUsh control of the Collection and to slow the 

deterioration of the CoUection objects. The goals of the plan were to make 

the Collection accessible for research, to provide accountabUity for the 

pubhc (a held-in-trust for perpetuity coUection), and to preserve the 

CoUection for the future. The objective was to upgrade the care of a poorly 

conserved and poorly documented collection in order to create a database for 

future research and educational purposes. The upgrading of the CoUection 

was to be accomplished through the application of standard preservation 

and coUection management techniques. These techniques are comprised of 

inventory, cleaning and stabilization, cataloging, and archival packaging, 

implemented in that order. The ongoing appUcation of collection 

management techniques are necessary to prevent the Collection from 

reverting back to an inaccessible and deteriorating collection. 
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An inventory is a method of estabUshing control over a coUection. An 

inventory documents the size, nature, and condition of a coUection that can 

later be used to prioritize collection activities. The inventory also provides 

accessibility to the coUection by both researchers and management staff, 

and, therefore, forms the basis of accountabUity for a held-in-trust 

collection. 

Cleaning and stabihzation enables a coUection to be identified 

accurately and safely handled. The removal of harmful sediments and 

dusts from bone objects slow their deterioration. StabUization of the bone 

material by the appUcation of a consoUdant also slows the deterioration of 

bone and preserves it for the future. 

Cataloging is a more detailed form of control over a collection. 

Cataloging provides each object with an individual identifying number, a 

detailed description, and systematically records provenience and collecting 

data. Cataloging provides greater accessibiUty than an inventory alone, 

and aUows for greater collection organization. Catalog records are a 

database for research. 

Archival packaging of objects in a collection help to protect the objects 

from the agents of deterioration and contribute to their long-term stabihty. 

Wrapping and packaging in stable and inert materials slow deterioration 

and, therefore, help to preserve objects. 

Lmplejnentation 

The implementation of the Collection Management Plan involved the 

inventory of the entire Lake Theo CoUection, and the cleaning, stabilization, 

cataloging, and archival packaging of the bones recovered during the 1974 
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excavations. Although labor intensive, the implementation of the plan 

successfiiUy organized and upgraded the majority of the Collection to a 

researchable level, and helped to slow the deterioration of the Collection 

objects. 

Inventory 

Each box containing the Lake Theo Collection was inventoried 

systematically, including boxes of sediments, gastropods, lithics, and bones 

from both the 1974 and 1977 excavations. For the bone boxes, each field-

numbered bone was recorded, and the total number of additional bone and 

bone pieces in each box. If any bones were encased in sediments, an 

estimate of the number of bone pieces in the sediments was made based on 

the amount of bone on the surface of the sediment. The completed inventory 

was compared to that of the PPHM (Table 4.1). It was discovered through 

inventory discrepancies that the PPHM inventory of the bones was based 

solely on information recorded on the boxes, and not on observations of the 

actual bones. Many field-numbered bones counted individuaUy as whole 

bones by PPHM, based on the box information, actuaUy were fragmented 

and consisted of many pieces that were counted separately in the physical 

inventory. The physical inventory was computer-generated, printed on 

acid-free, Ugnin-free paper, and a copy sent to PPHM to supplement and 

correct their loan records. 

The physical inventory of the Lake Theo Collection took 

approximately 200 hours of labor. The results of the physical inventory 

(Table 4.2) are estimates because many of the bones were encased within 
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Table 4.1 Initial inventory estimates of the Lake Theo CoUection by PPHM. 

Object Number 

Bone(1974) 566 

Bone(1977) 151 

Lithics 332 

Gastropods (box) 1 

Sediment samples (bags) 53 

Seeds and insects (vials) 4 

Historic artifacts (glass) 

Total 

Table 4.2 

Object 

Physical inventory 

13 

1,120 

estimates of the Lake Theo Collection. 

Number 

Bone (1974) 7,406 

Bone(1977) 175 

Lithics 2,823 

Gastropods (box) 1 

Sediment samples (bags) 53 

Seeds and insects (vials) 4 

Historic artifacts (glass) 13 

Total 10,468 
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matrix sediments and the exact amounts coiUd not be identified until the 

processing was completed. The physical inventory identified the immediate 

preservation needs of the bone material generated in 1974. Once the 

inventory was complete, each box containing 1974 bones was 

photodocumented before any bones were removed and cleaning and 

stabUization were begun. The photographs document the condition of the 

bones and their immediate environment. Black-and-white photographs 

were taken of each bone box showing the bones and sediments, and several 

photographs taken of specific conservation problems. 

Cleaning 

Depending on its condition and stability, a course of action was 

chosen to clean each bone. First, any tape or other unstable materials that 

had been in direct contact with the bone were removed. Loose sediment was 

dry brushed off as much as possible. Water and a soft brush were adequate 

for cleaning the more stable bones, whereas more fragile bones required 

acetone and a soft brush. 

Acetone used in cleaning inadvertently removed the field-numbers 

from some of the bones. The removal of the numbers was not expected, as 

the field-numbers were written with a permanent felt marker. The acetone 

was most effective in removing numbers that had been written on top of 

sediments and Elmer's glue. Sometimes the acetone caused the field-

number to smear (leaving a black fUm on the bone) and sometimes the 

number could not be removed. The Elmer's glue that had been applied 

previously to many of the bones prevented the removal of sediments during 

cleaning. These sediments were glued to the surface of the bones. Acetone 
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occasionaUy caused the peeling of the Elmer's glue. The peeling of the 

Elmer's occurred primarUy with bones that had Elmer's applied to only one 

side. The Elmer's was not brushed into all the cracks and was apphed on 

top of sediments. The appUcation of acetone to the other side of the bone or 

sediments managed to soften the Elmer's from underneath enough that it 

could be removed. The danger in removing the Elmer's from the bone was 

that the cortical surface of the bone also might be removed due to the 

unstable surface. Therefore, the removal of Elmer's during cleaning of 

bones was not forced. 

Some bones with a small hardened layer or attachment of sediment 

were submerged partiaUy in a shaUow pan of water, sediment side down, to 

soften the sediment and aUow the bone to be removed without further 

damage. The sediment pulls in the moisture from the pan, softening the 

sediment and separating it from the bone. Only a smaU amount of water 

was used so that the bone did not become soaked. Bones encased in larger 

amounts of sediments were excavated using small wooden picks and soft 

brushes. A thin solution of PVAC (1-2%) was apphed to the bone during 

cleaning to stabiUze the bone before attempting removal from the 

surrounding sediment. Other artifacts, including a Uthic biface (Fig. 4.1) 

were also excavated from the matrix sediments. AU matrix sediment in 

and around the bones, and the sand sediment used underneath the matrix 

for stabUity, were water-processed through 1/16" mesh separately to recover 

any small objects and microfauna. 

Cleaning processes were recorded by box number. AU information 

written on each corrugated cardboard flat was recorded. In order to 

identify each bone cleaned and the processes used, a number was assigned 

70 



CM 

Figure 4.1 Lithic biface (A917/1395) found during cleaning. 
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to each bone in the box. Field-numbers were used as the identification 

number whenever possible. Un-numbered bone and bone fragments were 

assigned identification numbers that consisted of the box number and a 

"UN" number (for un-numbered), e.g.. Box 19, UN#5. 

Bones in 63 of the 67 boxes containing bones generated in the 1974 

excavations were cleaned. Four boxes of bones were left uncleaned and in 

their matrix sediments for future work. These bones were so deteriorated 

that excavating them with current techniques may cause more damage 

(e.g.. Figure 1.7). The cleaning of the Lake Theo bones took approximately 

600 hours of labor. Once cleaned, aU bones were wrapped in tissue paper 

and placed in polyethylene bags with tags listing the bone's identification 

number. They were placed back in the corrugated cardboard flat for 

storage purposes until aU of the bones in the 63 boxes were cleaned and 

ready for stabUization. 

Stabilization 

Once cleaned, a decision on the further treatment of each bone was 

made. The bones either: (1) were completely immersed in a 1-2% PVAC 

solution; (2) had a 1-2% solution applied with a pipette; or, (3) were not 

treated. Conservation records were kept of all treatments performed on 

each bone. If immersed, the bones were weighed on a Ohaus electronic 

scale to a tenth of a gram before and after the treatment. 

An artifact shp was created for each bone. This slip was kept with 

the bone throughout its treatment and cataloging so that the bone would not 

loose its identification number and information pertinent to the bone could 
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be recorded in note form. AU information then was transferred neatly to 

the catalog card. 

Bones were immersed in the 1-2% PVAC solution inside a l'x2' metal 

container in the QRC Chemistry laboratory. Although the QRC Chemistry 

laboratory has a ventUated area, due to the volume of bones immersed, 

proper health precautions were taken and a Wilson fume mask was worn 

at all times. Bones were spaced evenly on a 1/16" mesh screen. The artifact 

sUp for each bone remained on the screen, and the bones were placed in the 

solution in the metal container in the same order as their slips were laid 

out on the screen. The solution was deep enough to completely immerse the 

bones, and they were left in the solution for two to three minutes or until the 

air bubbles stopped. Before removal from the solution, the bones were 

turned over to release any trapped air. The bones were removed from the 

solution using metal tongs and rubber gloves and aUowed to air dry at a 

steady temperature (70° F) on the mesh screen for a minimum of 24 hours. 

The space between the screen and the surface of the table allowed air to 

circulate evenly. The bones were turned over on the mesh screen soon after 

removal from the solution to prevent the solution from puddling on the 

lower surfaces of the bones and to prevent the bones from sticking to the 

mesh screen. 

The PVAC solution loosened the Elmer's glue on some of the bones, 

allowing some incorrectly glued bone fragments to be removed, and also 

causing some of the bones to come apart. The loosening of the Elmer's 

occurred mainly when the Elmer's was applied overlying sediments that 

could be accessed from another angle that did not have Elmer's apphed to 

it. Bones and bone fragments that became separated during the immersion 
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were aUowed to dry, cleaned once again with acetone, and re-immersed in 

the PVAC solution. Most of the bones in the Collection were immersed only 

once because of their small size and poor condition. 

Seven hundred and nine field-numbers and assigned numbers were 

immersed in the PVAC solution and included over 3000 bone and bone 

pieces. The immersion of the bones took 190 hours of labor. Approximately 

25 gallons of PVAC solution were used during the immersion of the bones 

in the Lake Theo Collection. The weight of the bones immersed in the 

PVAC did not alter greatly after immersion. Many were slightly lighter 

than before immersion. The decrease in weight may be due to the acetone 

in the solution removing additional sediments from the bone rather than 

serving as evidence that the bone did not take on any PVAC. After each 

bone with Elmer's was immersed, the solution used had to be disposed of as 

smaU amount of Elmer's may have been released into the solution that 

would contaminate other bones. All contaminated PVAC solution was 

disposed of properly as hazardous waste material through the University's 

waste facility in accordance with all federal, state, and local disposal 

regulations. 

Cataloging 

Once clean and stable, the faunal remains generated in 1974, and 

other objects in the 1974 matrix sediments, were cataloged and numbered 

according to the PPHM cataloging system. The PPHM catalog cards had 

the following categories: catalog number; classification; provenience; 

description; collector; and date collected. The categories were broad and no 

standardized methods of data entry are established. More detailed 
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information was necessary to establish a useful database from the catalog 

cards. Therefore, categories such as object elevation, species identification, 

and modification were added to the cards. The added categories may have 

been imphed by the established categories. However, as evidenced by the 

limited information on the cards fUled in by PPHM, information was not 

always included if not explicitly asked for on the catalog card. 

Catalog cards for 30 of the 67 boxes were began by PPHM based on 

their inventory information. However, the box information was not always 

correct as some field-numbered bones were in boxes with the wrong unit 

information. Catalog numbers were assigned on the PPHM inventory to 

the field-numbered bones. Therefore, catalog cards were available only for 

bones with field numbers, and not aU field-numbered bones were present or 

identifiable as to their number. AdditionaUy, field-numbered bones not on 

the PPHM inventory were located in the boxes. 

Several steps were taken to amehorate this situation. First, all field-

numbered bones in boxes 1 through 30 that could be assigned their catalog 

numbers based on the completed catalog cards were assigned their 

numbers. Next, remaining cards from boxes 1 through 30 were assigned to 

bones in boxes 1 through 30 without field numbers or with unlisted field 

numbers. Other boxes then were assigned the remaining catalog numbers. 

Control forms were completed for each catalog number in order to prevent 

duplication of numbers and to keep an accurate record of catalog numbers 

assigned and the identification of the objects. A list was compiled of all 

missing field-numbers that originally were assigned catalog numbers by 

PPHM (Table 4.3). Many of the bones Ukely were within the Collection but 

are unidentifiable as to their field-number or are hidden within the 
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unprocessed boxes. Other objects recovered from matrix sediments and 

sand in the boxes were cataloged by type of object and provenience. 

Field records were used to determine the unit and exact location for 

each field-numbered bone. Each field-numbered bone was located on the 

level forms, and the exact provenience in tenths of feet calciUated using the 

grid on the level form. The approximate elevation of groups of field-

numbered bones also was found on the level form and recorded on the 

catalog card. Unit information written on the box had to be relied upon for 

un-numbered bone fragments. If no information was written on the box, 

the unit provenience of numbered bones in the box was applied to the entire 

box. A problem arose when two or more field-numbered bones, with 

different unit proveniences, were in the same box. Un-numbered bones in 

these boxes could not be assigned unit proveniences and were cataloged as 

being located in the bone bed. 

Because of the large amount of un-numbered bones, time was taken 

to attempt to conjoin as many bones as possible. Conjoining un-numbered 

bones with numbered bones limited the amount of bones without 

provenience. Un-numbered bones (UN numbers) with fresh breaks were 

attached to numbered bones as much as possible with a PVAC adhesive (20-

25%). Fresh breaks were determined primarily by the difference in color 

along the fracture edge. Normally, a fresh break was lighter in color than 

the rest of the bone, and a conjoining piece fits neatly. 

Taxonomic and morphological identifications were made using the 

comparative faunal collection at the Museum of Texas Tech University and 

the expertise of E. Johnson (personal communication, 1997). The degree of 
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fusion of the epiphyses of bones were recorded on the catalog cards as fused, 

partially fused, or unfiised. 

All cataloged objects were numbered using a reversible process. 

Catalog numbers were written on each object that made up that catalog 

number. If the object was too smaU to write on legibly, such as the 

gastropods, the object was placed inside a gelatin capsule and the number 

written on the capsule. 

The cataloging of the Lake Theo bones generated in 1974 took 

approximately 180 hours of labor. Catalog numbers used ranged from 

A917/535 to A917/1411 and 27,219 objects were cataloged (Table 4.4). 

Table 4.4 Objects cataloged by type. 

Type of object Number 

Bone 26,568 

Gastropod 615 

Seed 16 

Lithic 20 

Total 27,219 

Archival Packaging 

Each bone was wrapped in acid-free unbuffered tissue, packaged in a 

polyethylene bag, and packed in an acid-free corrugated cardboard box for 

return to PPHM. An acid-free, hgnin-free paper tag was included with 

each cataloged bone. The following information was included on each tag: 

site number, catalog number, unit designation, and object description. The 
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archival packaging of the 1974 material took approximately 30 hours of 

labor. 

Conclusions 

The preservation and coUection management of the Lake Theo 

Collection produced a stable and researchable coUection. Although labor 

intensive (Table 4.5), the benefits of processing the Collection outweigh the 

resources required. Future research techniques are unknown, therefore, 

the processing of the Lake Theo bones considered long-term effects and 

care. Methods and materials used on the bones, except for cleaning, are 

reversible. Four boxes of bones (box numbers 20, 45, 46, and 65) were left 

uncleaned due to their fragUe condition and the difficulty in removing the 

sediments without causing more damage to the bones. The acidic boxes 

were replaced with acid-free boxes to retard further deterioration due to 

acid migration. Future materials and methodologies may permit the intact 

excavation of the bones in the boxes. A benefit of retaining unprocessed 

boxes is that future technologies and techniques may require bones not 

treated or cleaned using current materials and techniques. The processing 

and upgrading of the Lake Theo Collection is the beginning of its long-term 

management. Stable materials and objects must be maintained and 

upgraded as new information and technologies become available. 
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Table 4.5 Summary of hours invested in management of Lake Theo 
Collection. 

Activity Number of Hours 

Inventory 200 

Cleaning 600 

Stabihzation 190 

Cataloging 180 

Archival packaging 30 

Total 1200 

Recommendations for the Future of the Collection 

Once the processing of the bone generated in the 1974 excavations 

was completed, the CoUection was packaged safely for return to the PPHM 

in acid-free, lignin-free boxes. Once processed, the CoUection no longer 

needed the large amount of space required before processing began. The 

following recommendations were based on the causes of deterioration of the 

Lake Theo CoUection and are made to ensure the long-term mitigation of 

post-excavation degradation factors. Post-excavation degradation factors 

now were the only factors that could be changed and improved. The 

processing of the 1974 bone material, although a necessary first step, was 

only the beginning of the management of the Lake Theo CoUection. Upon 

return to PPHM, care of the Collection, including aU associated 

documentation, must continue in order to prevent the Collection from 

reverting back to an inaccessible and rapidly deteriorating state. Standard 

preventive conservation techniques must be employed in order to ensure the 

long-term stability of the Collection. 
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Preventive conservation involves any measure used to prevent or 

reduce damage to objects (Anonymous, 1994). Preventing or slowing the 

deterioration of objects by controlling the environment reduces or 

eUminates the need for conservation treatments. To be effective, a 

preventive conservation plan cannot apply to only one object or one 

coUection, but must be a museum-wide commitment to coUections care 

(Anonymous, 1994; Rose and Hawks, 1995). Effective preventive 

conservation requires the use of policies, procedures, and training and 

control over the agents of deterioration (Michalski, 1992). The agents of 

deterioration (including direct physical force, fire, water, pests, 

contaminants, incorrect temperature, and incorrect relative humidity 

[Michalski, 1992]) affect the physical integrity of objects by modifying 

chemical structure (Michalski, 1992; Rose and Hawks, 1995). 

Incorrect temperature and relative humidity (RH) are agents of 

deterioration that can be controlled by the installation of a Heating, 

Ventilation, and Air Conditioning System (HVAC). Although a climate 

controlled HVAC is ideal, the most important element of chmate control is 

to maintain a stable environment throughout the year and avoid extremes 

(Weintraub and Wolf, 1995a). Fluctuations in temperature and RH are 

most damaging to objects, and lead to cracking and warping of bone 

(Cronyn, 1990). 

Other agents of deterioration, such as hght, pests, and air 

particulates, also must be controlled. Lights in the coUection areas must be 

used only when necessary and must be protected by a UV filter (Weintraub 

and Wolf, 1995a). A collection not contained within a cabinet should be 

covered to protect it from hght and dust (Weintraub and Wolf, 1995a). A 
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pest management plan should be in place that includes inspection of the 

collections area and a regular cleaning schedule (Jessup, 1995). Dust must 

be excluded from coUection areas in order to prevent pests. Vacuuming is 

the most effective method of removing dust and dirt (Jessup, 1995). If an 

HVAC is being used, the filters must be changed on a regular basis 

(Weintraub and Wolf, 1995a). Once preventive measures have been 

initiated, a monitoring program must be put into effect. Temperature, RH, 

poUutants, and light control measures must be monitored, and, most 

importantly, data assessed and improvements made when necessary 

(Weintraub and Wotf, 1995b). 

Proper storage of a collection provides physical support, 

environmental protection, and facilitates access (Moore and WUliams, 

1995). The size, frequency of use, and organization of a collection must be 

considered when planning housing, as well as the funds avaUable. The 

Lake Theo Collection is considered to be a large coUection, with some large 

objects that require space to be housed correctly. It is assumed that once 

processed and organized, the collection wiU be utilized more frequently for 

research purposes. 

The ideal housing situation for the Lake Theo CoUection is closed 

metal cabinetry and a stable, inert environment (Moore and WiUiams, 

1995). Stable, non-reactive materials must be used in housing and 

packaging, such as acid-free tissue, polyethylene microfoam, and 

polyethylene bags. Closed cabinetry, although ideal, may exceed the funds 

available for the housing of the CoUection. Metal shelves are a viable 

alternative if closed cabinetry is unavailable. The CoUection should not be 

stored on the floor under any circumstances (Moore and WUliams, 1995). If 
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the CoUection must be stored in cabinets with wooden drawers, or on 

wooden shelves, a barrier should be used to protect the CoUection objects 

from acid-migration. The shelves or drawers should be lined with acid-free 

material to act as a buffer against the acids. For example, an acid-free 

corrugated board (blueboard) covered with polyethylene microfoam provides 

an acid barrier and cushioning against vibrations. Barrier materials must 

be monitored and exchanged for new materials at regular intervals (Moore 

and WUUams, 1995). If stored on open shelves, the CoUection should be 

draped with an inert material to protect it from dust and Ught. 

The Collection shoiUd be installed into cabinetry or shelves allowing 

adequate space for each object. The CoUection must not be forced to 

conform to cabinet space but cabinet space conformed to the Collection 

(Moore and WUliams, 1995). The Lake Theo Collection wiU occupy less 

space than it did previous to its processing. Therefore, it should be possible 

to spread out the Collection adequately, and avoid stacking objects. If stored 

on open shelves, boxes should be used to organize and protect the CoUection. 

The Collection should be organized by site, stratigraphic unit, and material 

type. Bone, lithics, and sediments have different packaging and storage 

needs that must be considered. 

Once the Collection has been housed adequately, an inventory of the 

Collection should be conducted and include information such as catalog 

number, provenience, condition, and location. The inventory provides 

accessibUity to the CoUection and aids in establishing priorities for the 

processing of the remainder of the Collection and priorities for objects 

requiring preservation. AU parts of the Collection must be included in the 

inventory, including all associated documentation. Spot and collection 
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inventories should be conducted on a regular schedule for security and pest 

control purposes. 

Some elements of preventive conservation can be implemented easUy 

by establishing poUces and procedures, and providing training to staff and 

researchers. Damage by direct physical force (an agent of deterioration) 

can be controlled by limiting access to coUections and implementing safe 

handhng procedures (Cronyn, 1990). Access to the Lake Theo Collection 

must be limited to quaUfied researchers and handling minimized. The 

bone material is very fragile, and researchers and staff should be trained in 

the proper handling of museum objects and gloves worn to protect the 

objects from acids in the hands. Wrapped objects should be clearly marked 

on the outside to minimize unnecessary handling. 

Research on the Lake Theo Collection should continue because the 

CoUection is an important representation of a multi-component 

archaeological site. Analysis and collection management of the Collection 

shoiUd be completed before further excavation work is initiated at the site. 

The PPHM should establish an improved system of data recording to 

manage the data obtained through research on the Collection. Research 

data and results should not be retained by individual researchers alone, but 

become part of the Collection's documentation. Catalog information should 

be reviewed, updated, and changed if necessary, as new information is 

made available through analysis. A standardized method of recording 

information must be developed in order that information is complete and 

can be retrieved consistently. 

The management of the Lake Theo CoUection has begun. However, 

more must be done with the CoUection in order for it to reach its full 
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research potential. Continued care of the CoUection would involve the 

implementation of a preventive conservation plan and pohcies and 

procedures to protect the CoUection from the agents of deterioration. The 

processing of the entire Collection must be completed in order for the 

Collection to be considered completely accessible and adequately managed. 
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CHAPTER V 

ANALYSIS AND INTERPRETATION 

Introduction 

This preliminary analysis of the Lake Theo bone assemblage 

concerned aU bone excavated from the Folsom bone bed during the 1974 field 

season that was identifiable to element and species. Over 6,900 identifiable 

bone pieces were included in the analysis, constituting a minimum of 441 

elements. These elements were aU Bison antiquus. However, some species 

identifications were based on bone size and cortical thickness and referred 

to (i.e., cf.) B. antiquus. The purposes of the analysis were to identify the 

depositional agents at the site, to evaluate the extent of post-depositional 

factors on the bones, and to look at frequencies of natural and cultural 

modifications. 

Results 

The majority of the bones recovered during the 1974 excavations at 

Lake Theo were incomplete and exhibited natural modifications. However, 

cultural modifications also were present, although most were concealed or 

destroyed by the natural modifications. The fragmented nature of the bone 

and the overlapping of various cultural and natural modifications made 

identification of individual modifications difficult. Bone scrap and 

unidentified tooth fragments were not included in the analysis because of 

their smaU size and lack of cortical surface (Table 5.1). 
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Table 5.1 Identifiable versus unidentifiable bone. 
Object Total 
Identifiable Bone Pieces 6,919 
Unidentifiable Bone Scrap 19,094 
Unidentifiable Bone Scrap, Burned 209 
Unidentified Tooth Fragments 346 
Grand Total 26,568 

The only species identified in the 1974 Folsom bone bed assemblage 

(hereafter referred to as the bone assemblage) was Bison antiquus. The 

6,919 identifiable bone pieces were cataloged as 635 bones and fragments of 

bones. The identifiable pieces exhibiting fresh breaks that coiUd be fit 

together were conjoined with a PVAC adhesive. Other identifiable pieces 

were cataloged together, although they could not be reconstructed, based on 

their similar morphology and proximity within the matrix sediments. A 

minimum of 441 elements could be derived from the 635 bone and bone 

fragments (Table 5.2). The minimum element count was determined by 

combining fragments of elements based upon their side, end, overall size, 

and degree of fusion. The highest element count, without consideration of 

sex, was eight left astragah (Table 5.2). With only one per bison, the 

minimum number of individuals (MNI) determined by the prehminary 

analysis was eight. Astragah are dense bones that normaUy survive post-

depositional environments and, therefore, are good indicators of MNI. 

The 635 bone and bone fragments were analyzed macroscopically for 

cultural and natural modifications. Microscopic analysis of cultural 

modifications, such as cut marks, requires a clean surface to determine the 

mark's morphology and examine for striae that would identify positively 

the mark as a cut mark. Microscopic analysis could not be conducted on 

possible cut marks due to the sediments that were glued within the marks 
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by Elmer's that could not be removed. All modifications were recorded on a 

faunal analysis worksheet (Fig. 5.1). 

The modifications that occurred in the highest frequencies were 

subaerial and chemical weathering (Table 5.3). Because the subaerial and 

chemical weathering occurred so frequently and had such wide ranges of 

severity, stages were developed for each. Subaerial weathering was divided 

into four stages, based on a combination of Behrensmeyer (1978) and E. 

Johnson (1985). No signs of subaerial weathering are exhibited in stage 

"0"; beginning stages of lateral cracking in stage "1" (Fig. 5.2); later stages 

of lateral cracking in stage "2" (Fig. 5.3); and exfohation of the cortical 

surface in stage "3" (Fig. 5.4). All four stages were exhibited by the 

analyzed bones, with the majority exhibiting Stage 1 weathering (Fig. 5.5). 

Each classification made was based on the highest degree of subaerial 

weathering exhibited on the bone. In many cases, the cortical surface was 

destroyed or the bone was highly fi*agmented, making the identification of 

the weathering stage difficult. These bones were assigned the most 

extensive weathering stage that could be identified positively. 

Table 5.3 Presence of natural and cultural modifications. 

Modification 

Carnivore Gnawing 
Rodent Gnawing 
Root Etching 
Trampling 
Cut Marks 
Helical Fracture 
Subaerial Weathering 
Chemical Weathering 

Number of Bones 
Exhibiting Modification 

38 
9 

501 
3 
2 
7 

634 
558 

^c of Total 

6 
1.4 

78.9 
<1 
<1 
1.1 

99.8 
87.9 

94 



CJLl 

O 

O 

M
O

D
IF

IC
A

T
IO

N
S

 
1 

F
U

S
IO

N
 

1 
D

IS
 

PR
O

X
 

P
O

S
T

 
A

N
T

 
FR

A
C

T
. 

P
A

T
T

E
R

N
 

C
H

E
M

. 
W

E
A

T
H

. 
SU

R
F.

 
W

E
A

T
H

 
C

U
M

 
T

R
P

 
R

E
C

 
R

O
N

 
C

G
N

 
E

L
E

M
E

N
T

 
C

A
T

. 
# 

A
91

7/
 

o 

^ 

CN 

iz; 

;z; 

{H 

z 

;z: 

C
al

ca
ne

um
 

81
4 

0 2 

(M 

^ 

Z 

> H 

2:; 

12; 

C
al

ca
ne

um
 

69
8 

CO 

(N 

2: 

;z: 

>^ 

^ 

;z; 

C
al

ca
ne

um
 

63
2 

^ 

t-H 

12; 

iz; 

> H 

iz; 

>^ 

C
al

ca
ne

um
 

67
5 

'^ 

<N 

12; 

12; 

>^ 

12; 

;2; 

C
al

ca
ne

um
 

57
6 

S 

y-i 

iz; 

>^ 

>^ 

iz; 

>^ 

C
al

ca
ne

um
 

83
9 

CSJ 

Z 

<N 

Z 

iz; 

>^ 

;z; 

z 

C
al

ca
ne

um
 

93
0 

CSI 

s 

l-H 

iz: 

^ 

> H 

iz; 

iz; 

C
al

ca
ne

um
 

66
4 

H 

(N 

Z 

iz; 

l̂  

:z; 

^ 

R
ad

iu
s 

93
7 

o 

Z 

T H 

2; 

:z: 

>^ 

z 

iz; 

R
ad

iu
s 

ep
ip

. 
80

2 

CO 

§ 

CO 

z 

z 

>^ 

^ 

> H 

R
ad

iu
s 

58
2 

o 

^ 

r-{ 

Z 

Z 

>^ 

^ 

>^ 

R
ad

iu
s 

ep
ip

. 
79

9 

o 

^ 

<N 

Z 

z 

>^ 

^ 

z 

R
ad

iu
s 

72
4 

0 3 

r - ( 

Z 

ẑ; 

t̂  

'Z 

iz; 

C
al

ca
ne

um
 

94
7 

S 

1-t 

Z 

Z 
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Figure 5.2 Example of subaerial weathering Stage 1, showing surface 

cracking. 
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Figure 5.3 Example of subaerial wea 

cracking. 

thering Stage 2, showing deep 
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CM 

Figure 5.4 Example of subaerial weathering Stage 3, showing exfoliation of 
surface. 

98 



o 
t-H 

STAGE 3 

STAGE 2 

o 

^ STAGE 1 
tf 

C/3 
STAGE 0 

4^ 
0 10 15 20 25 30 35 40 45 

PERCENTAGE 

50 

Figure 5.5 Frequencies of subaerial weathering stages. 
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Chemical weathering was the second most frequent modification 

category (Table 5.3). Because no formal stages of chemical weathering have 

been established, a categorization system was devised. Classification of 

chemical weathering stages was based on the percentage of the cortical 

surface remaining in the areas exhibiting the highest degree of chemical 

weathering. Five stages were established ranging from no chemical 

weathering to extreme. All of the cortical surface remains in stage "none" 

(Fig. 5.6); 75% remains in stage "shght" (Fig. 5.7); 509c remains in stage 

"moderate" (Fig. 5.8); 25% remains in stage "severe" (Fig. 5.9); and no 

cortical surface remains in stage "extreme" (Fig. 5.10). Analyzed bones 

exhibited chemical weathering ranging from none to extreme, with the 

majority exhibiting moderate to severe chemical weathering (Fig. 5.11). 

Root etching occurred frequently (Table 5.3). Most was extensive and 

occurred on all sides of the bone, destroying the cortical surface. Root 

activity may be related to the extent of chemical weathering (E. Johnson, 

personal communication, 1997). Roots secrete acids that may have caused, 

themselves or in combination with other natural factors, the severe 

chemical deterioration of the bones. 

Cultural modifications found are helical fractures (n=7) and possible 

cut marks (n=2) (Table 5.3). Most of the hehcal fractures (Fig. 5.12) are 

located on long bone shaft segments. Helical fractures are the result of 

direct force applied to intact fresh long bones. Fracturing these bones 

generally are for the production of butchering tools or for nutrient 

extraction (E. Johnson, 1985, 1987). No bone butchering tools have been 

identified through this analysis although their presence cannot be ruled out 
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Figure 5.6 Example of no chemical weathering. 
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Figure 5.7 Example of slight chemical weathering. 
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Figure 5.8 Example of moderate chemical weathering. 
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Figure 5.9 Example of severe chemical weathering. 
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Figure 5.10 Example of extreme chemical weathering. 
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Figure 5.11 Frequencies of chemical weathering stages. 
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Figure 5.12 Example of helical fracture. 
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due to the condition of the bone. Long bones contain a high percentage of 

bone marrow and fat within its tissues (E. Johnson, 1985). Grease 

production generally involves the breaking down of long segments of bone 

into smaller and smaller pieces (i.e., fragmentation) (Brink, 1997; E. 

Johnson, 1987; Kaczor, 1978). Long bones normally are fragmented into two 

or more large segments during processing activities to extract marrow. 

The long bone segments from the bone bed assemblage represent sizeable 

portions of a long bone's shaft, particularly in length. This situation is 

evidenced by the shaft segments that are hehcally-fractured (Table 5.4). 

Table 5.4 Lengths of helically-fractured bone 

Catalog Number 

A917/595 

A917/685 

A917/748 

A917/787 

A917/876 

A917/959 

A917/1339 

Element 

Long bone shaft 

Long bone shaft 

Humerus shaft 

Long bone shaft 

Metatarsal shaft 

Humerus shaft 

Femur shaft 

Length (mm) 

85.1 

89.7 

181.8 

86.0 

121.7 

86.1 

73.1 

The possible cut marks are located on one metatarsal (A917/876) (Fig. 

5.13) and one scapula (A917/710) (Fig. 5.14). Their morphology could not be 

examined microscopically due to the sediments adhered within the marks. 

The marks on the scapula and metatarsal have other characteristics of cut 

marks. Both exhibit thin, straight, and parallel grooves that are distinctive 

from other natural modification marks on the bones. 
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Figure 5.13 Metatarsal (A917/876) exhibiting possible cut marks. 
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Figure 5.14 Scapula (A917/710) exhibiting possible cut marks. 
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Discussion 

Most bone elements are represented in the bone assemblage. Some 

bones elements are more susceptible to deterioration by natural and 

cultural agents due to their size and density. Long bones are most 

susceptible to destruction by carnivore and rodent activity, and butchery by 

humans. Both humans and carnivores destroy long bones for their 

marrow; these bones are segmented in the bone assemblage. Dense bones, 

such as carpals and tarsals, that are not utilized for marrow have a high 

representation and are the most complete bones. 

The MNI of eight derived from the preliminary analysis is much 

lower than the MNI calculated during excavation. Harrison and KiUen 

(1978) derived an MNI of 12 based on mandible counts. The mandible MNI, 

like the astragalus MNI, did not consider sex and age of the elements. The 

deviation in the results is due to the deterioration and destruction of bone 

elements since the excavation. 

The loss of information due to poor excavation techniques and lack of 

post-excavation care is significant. At least 122 bones that were present in 

the excavation are no longer accounted for within the bone assemblage 

(Table 4.3). These field-numbered bones were completely destroyed, lost, or 

have become disassociated with their field-number. The poor excavation 

techniques may account for the presence of only one species. Small bones 

were not collected nor was fine-screening conducted. Post-excavation 

deterioration may be another factor. 

Cultural modification data are under-represented in the preliminary 

analysis. Cut marks and trampling marks require a cortical surface to be 

seen, and the subaerial and chemical weathering, root etching, and 
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carnivore activity have destroyed most cortical surfaces. The low 

occurrence of cultural modifications is due to the high degree of 

fragmentation of the bone, destruction of the bones by natural agents, and 

application of the Elmer's glue solution. Weathering, root activity, 

carnivore and rodent gnawing all contributed to the deterioration of the 

bones and the destruction of bone surfaces that may have exhibited cultural 

modifications at one time. For example, a distal metatarsal (A917/876) 

exhibits a clear hehcal fracture on the posterior side (with a chemical stage 

of none) while the anterior side shows how the hehcal fracture has been 

destroyed by severe chemical weathering (Figs. 5.15 and 5.16). This 

element is one of the few exhibiting possible cut marks; they occur on the 

posterior side unaffected by chemical weathering. 

Subaerial weathering is the most common modification exhibited by 

the Lake Theo bones. The extent of subaerial weathering is between stages 

one and two on most bones (94%), indicating that the bones were exposed for 

a period of time prior to burial. The evidence of carnivore and rodent 

activity also supports the hypothesis of a longer surface exposure. 

Subaerial weathering can be indicative of a hot, dry chmate. However, 

repeated moistening and drying can accelerate weathering rates. The 

severity of chemical weathering combined with the high incidence of root 

etching within the assemblage implies the burial environment was wet. 

Geologic evidence and the location of the site on a Holocene terrace also 

support this viewpoint. 

Based on the limited information made available by the prehminary 

analysis, the Lake Theo 1974 Folsom bone bed represents a processing area 

where secondary butchering, specifically marrow processing, was 
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Figure 5.15 Clear view of helical fracture (A917/876). 
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Figure 5.16 Severe chemical weathering obscures a helical fracture 
(A917/876). 
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conducted. Evidence consists of helical fractures, long bone segments, and 

cut marks. Unfortunately, the extensive post-depositional modifications 

have obscured evidence of cultural modifications. By examining all 

modifications, it is obvious that post-depositional factors (in particular, 

weathering, carnivore and rodent activity, and root action) played a large 

role in the deterioration of the faunal material from the 1974 Folsom bone 

bed at Lake Theo. However, excavation and post-excavation factors also 

played a role in that deterioration. Rather than slowing deterioration, the 

removal of the bones from the depositional environment during excavation 

increased the rate of deterioration. Subsequent storage in the PPHM 

without stabilization continued the deterioration of the material. 

The preliminary analysis provides a framework for further 

analytical work on the Lake Theo Folsom bone assemblage. Future work 

should involve the sexing of bone elements to create a more accurate 

reflection of the death assemblage MNI. Seed and gastropod identification 

and frequencies would add further evidence to the depositional 

environment. 
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CHAPTER VI 

SUMMARY 

Lake Theo is located on the boundary of the Rolhng Plains and the 

Southern High Plains (Llano Estacado). The boundary escarpment creates 

a unique physiographic setting for this multi-component site. The Lake 

Theo site is one of only six well-stratified Folsom sites in the Southern 

Plains region. Discovered in 1972, the site is of great archaeological 

significance and is well-referenced in the hterature. Initial 

interpretations, however, were not based on analysis but on assumptions 

made during excavation. The excavators thought the site was a butchering 

locale and campsite, but their statements were not substantiated. 

The Collection, generated from the 1974 and 1977 excavations at Lake 

Theo, represented an irreplaceable resource. The potential of the Collection 

had never been explored and it had remained unprocessed and warehoused 

for over 20 years. The current work completed (collection management and 

prehminary analysis) provided the foundation for the Collection to be 

utilized and its potential realized. 

Three environments had contributed to the deterioration of the faunal 

material from Lake Theo: depositional, excavation, and post-excavation. 

Advanced stages of deterioration had been reached because the agents of 

deterioration had not been slowed within any of the three environments. 

The depositional factors affecting the bone material included human 

butchery activity, weathering, root activity, carnivore and rodent activity, 

and sediment overburden. The excavation environment re-exposed the 

bones to the agents of deterioration, including exposure to extremes of 
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temperature and relative humidity. The post-excavation environment 

continued to expose the bone to agents of deterioration as no cleaning, 

stabihzation, or correct storage techniques had been employed. 

The poor condition of the Lake Theo Collection made it a good 

example of the consequences of poor archaeological recovery techniques 

and lack of collection management. The loss of information resulting from 

the poor excavation and improper storage techniques is remarkable. The 

collection management of the Lake Theo Collection demonstrates 

techniques for upgrading the care of unprocessed and inaccessible 

collections. The management of the Collection also documents how much 

time and resources are required to undertake the improvement of a 

collection the size of Lake Theo. 

A Collection Management Plan was devised for the orderly 

processing of the Collection and included inventory, cleaning, stabilization, 

and archival packaging. The inventory identified the major conservation 

and collection management problems, and through the inventory, priorities 

were set in the processing of the Collection. The inventory identified the 

faunal material generated in the 1974 excavations as requiring immediate 

preservation. Therefore, the cleaning, stabilization, cataloging, and 

archival packaging of the 1974 bone was prioritized. Discrepancies were 

found between the second inventory and the inventory conducted by PPHM. 

The PPHM inventory counted only the field-numbered bones hsted on each 

of the boxes and was not an accurate physical inventory. The results of the 

second inventory allowed for more accurate predictions of time and 

resources required for completing subsequent processing as well as 

reflecting what actually was in the Collection. 
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The next stage in the CoUection Management Plan was the cleaning 

and stabihzation of the faunal material. Cleaning aUowed the surface of 

the bones to be examined and removed harmful sediments. A reversible 

material (PVAC) and technique was used to consolidate the bone and 

allowed the bones to be handled safely without further breakage. Next, the 

1974 faunal material and objects recovered from matrix sediments were 

cataloged using the PPHM system. Categories were added to the PPHM 

catalog cards so that they contained more information pertinent to the site. 

Finally, the entire Collection was packaged archivally and arranged 

systematically for return to PPHM. In order to protect the bones in the 

future, they were packaged carefully, arranged, and clearly marked, in 

case the PPHM did not foUow storage recommendations and left the bones 

in the archival boxes. 

The coUection management of the Collection improved its 

documentation. All of the 1974 bones are numbered individually for easy 

reference and access. All field-numbered bones have had their exact 

provenience calculated and documented on the catalog card for 

accessibility. The cleaning and stabUization of the faunal material was 

documented in order that future researchers and conservators are aware of 

what materials and techniques were used so these may be reversed if 

necessary. A third inventory of the Collection once housed at PPHM would 

complete the documentation of the Collection and provide location 

information. 

A preliminary analysis of the bone excavated from the Folsom bone 

bed in 1974 focused on the identification of the minimum number of 

elements represented and the taphonomic processes involved in site 
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formation and disturbance. These processes were examined through the 

frequencies of natural and cultural modifications. The purposes of the 

anal3^is were to identify depositional agents and the extent of post-

depositional factors on the bones. 

Natural modifications occurred in high frequencies. Subaerial and 

chemical weathering, carnivore and rodent activity, and root etching 

modified and deteriorated the bones. Cultural modifications, including cut 

marks and helical fractures, were present but under-represented in the 

frequency distributions. The loss of cultural evidence occurred due to 

natural conditions in the depositional environment and to excavation 

conditions. The severe subaerial and chemical weathering and root 

etching destroyed most cortical surfaces where evidence of cultural activity 

would occur. Further loss of cultural evidence resulted from the 

application of Elmer's glue (an irreversible process) that concealed cortical 

surfaces and prevented the microscopic examination of possible cut marks. 

The preliminary analysis determined that the Lake Theo Folsom 

bone bed was created by human agents and represents an area where 

marrow processing was conducted. Helical fractures, long bone segments, 

and cut marks support the determination. The analysis provides a 

framework for future research. 

The goals of this study were to upgrade a poorly preserved and 

documented collection and to create a database for future research. The 

appUcation of standard collection management and preservation 

techniques aUowed these goals to be accomplished. However, the CoUection 

had passed its critical point before the project was begun and it wUl never 

realize its full research potential. Too much of the provenience and 
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excavation data had been destroyed or lost to reconstruct accurately the 

excavation of the bone bed. Three boxes of bone and sediment were too 

fragile to excavate and, therefore, remain inaccessible. 

Although not reahzing its full research potential, the Lake Theo 

CoUection remains a valuable representation of an important 

archaeological site. It is of value for research, education, and exhibit 

purposes. Now stable and organized, the CoUection is avaUable for 

research and its documentation serves as a database for research and 

education. The deterioration of the Collection has been slowed. However, 

continued application of preventive conservation techniques must be 

employed to ensure the CoUection wUl last into the future. 

The collection management and prehminary analysis of the Lake 

Theo Folsom bone assemblage demonstrates the affects of good collection 

management and the potential of unprocessed collections. The 

management of the CoUection helps the PPHM fulfill its obhgation of in-

perpetuity care of the Collection. The management of the Collection also 

exemplifies and quantifies the affects of poor excavation techniques and 

lack of post-excavation care. The large amount of information lost validates 

the need for the allocation of archaeological resources to the management 

and post-excavation analysis of archaeological collections. 
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