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ABSTRACT

Two prehistoric campsites on the west side of EL Paso, Texas

were excavated in order to mitigate the adverse effects caused by
the construction of the Keystone Dam Highway Diversion Channel.

The construction is part of the El Paso Flood Control Project
being carried out by the U.S. Army Corps of Engineers, ALbuquerque
District. Keystone Sites 36 and 37 (41EP496 and 41EP492) are
small lithic and ceramic scatters located at the eastern margin of

the Rio Grande Valley, adjacent to Interstate Highway 10. Both
sites functioned as short-term camps for the procurement and
processing of leaf succulents, as indicated by the presence of
large fire-cracked rock roasting facilities. The most significant

results of the study concern chronology and the roles played by
the sites in relation to prehistoric adaptive strategies. A new
method of obsidian hydration was used to obtain a large number of
direct chronometric dates. These were used to evaluate the C14
dates and it was concluded that some radiocarbon chronologies in
the El Paso area are hampered by the effects of the old wood
problem. The obsidian results also indicate a date of A.D. 1100-
1400 for Site 37 which had originally been assigned to the late
Archaic. Analyses of variability and distribution in the sites'
contents reveal thdt they may be the result of two different

* mobility patterns. Site 36 is interpreted as a short-term
logistic camp and Site 37 as a short-term base camp. The late

date for Site 37 argues for the existence of a generalized, highly
mobile adaptive strategy at roughly the same time as more
sedentary Pueblo-based strategies.
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PREFACE

It is unusual in archaeology when the research results from a

single project have the potential to change the way that

archaeologists interpret the archaeoLogical record of an entire

region. Yet this is the way archaeology should proceed. The

results of each new project should inform subsequent thinking. It

is the case, however, that archaeological research and .

particuLarly that brand of archaeology known as cultural resources

management rarely brings to the attention of the discipline

results that alter interpretive frameworks in the rapid fashion

that the pace of work and dollars spent might indicate. It is
instead a slow and incremental process, additive in a way that

often obscures the pattern of developing ideas about how people in
the past adapted on the landscape. Such both is and is not the

case with the following report.

David Carmichael has usea the opportunity provided by the

contract with the Corps of Engineers to satisfy the federal

cultural resources requirements and to perform state-of-the-arc

archaeological research. Both of these accomplishments are of

equal significance since the methods and scope of work outlined in

the proposal submitted to the Corps of Engineers by the Cultural
Resources Management Division buii upon several years of prior

research and fieldwork in the area. The fieldwork conducted by

Carmichael, however, realized the goaLs of the research design in

a variety of unexpected ways.

One of the most significant contributions of the work at the

Keystone sites has been the identification of a previously
unrecognized portion of the regional adaptive pattern. This

pattern, based on high levels of residential mobility and a

presumed reliance on hunted and gathered resources, has particular

importance since it occurred during the latter periods of

prehistory, at a time when culture historical reconstructions for

the area suggest that populations were living in a settled village
way of life. Our perceptions of this "traditional wisdom" are now

changed and future work in the region will focus on describing and

explaining this new aspect of the Jornada adaptive pattern in more

detail.

The field methodology Carmichael used to identify the

archaeological evidence of this pattern is also significant.

Using a carefully designed sampling scheme augmented by proton

magnetometer surveys and the judicious use of power equipment,

Carmichac identified the remains of numerous pit structures. Due

to the nature of these structures and the depositional
characteristics of the Keystone sites, remains of these dwellings

were difficulc to define. Were it not for the use of the backhoe

to cut slit trenches it is certain that evidence of these I.
ephemeral structures would have gone unnoticed. Consequently, the

use of the backhoe and the careful interpretation of the
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stratification as exposed in the trenches is in large part
responsible for the findings presented here.

Also of note is Carmichael's use of obsidian hydration dating
to provide chronometric estimates of antiquity for the Keysrone
sites. As his discussion makes clear, this dating technique is
based on the induced hydration method and, consequently, is
sensitive to source-specific variability in the composition of
obsidian and to local environmental conditions. It is only fair
to point out, however, that in some respects the technique is
still experimental. Questions about rate development,
variability in paleoclimatic conditions (especially past
temperature regimes) and replicabilicy of results between
laboratories remain to be answered more completely. Moreover, the
obsidian dates are, in a few cases, in conflict with radiocarbon
age determinations. I believe Carmichael has adequately accounted
for such discrepancies, however, by citing the problems of "old
wood" in desert environments. The site dating based on obsidian
is internally consistent and correlates well with other data from
the sites. Consequently, I believe the results of obsidian dating
mark a tentative step forward in dating the occupation spans of
open sites (normally devoid of organic materials) in the Jornada
region.

As we move toward a better understanding of prehistoric
cultural developments in Jornada region, I believe the work done
at the Keystone sites will mark an important change in our

perceptions about the nature of human adaptive diversity. Much of
what was realized in archaeological data from the Keystone sites
was presaged theoretically in a few prior publications. It is
gratifying to see that cultural resource mana 6 ement studies can

contribute to the discipline in such a fundamental manner.

Steadman Upham
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, CHAPfER I

* INTRODUCTIuN

Project Background

Thi s report presents the results of archeological

investigations at two prehistoric campsites located within the
western limits of the city of El Paso, Texas (Figure 1.). Tne

work was undertaken by the Cultural Resources Management Division
k CKMD), New Mexico State University, in response to U.S. Army
Corps of Engineers, Albuquerque District, solicitation DACW4/-83- ".V

k-OU22. The scope of work is designed to mitigate the effects on
cultural resources caused by construction of the Highway Diversion
Channel associated with Keystone Dam.

The Keystone Dam and Highway Diversion Channel are parts of '"

tne hl Paso Flood Control Project designed to provide protection
against runoff from the Franklin Mountains. Keystone Dam wiliL
receive runoff from directly upslope and additional flow will be
diverted to it trom drainages to the south. Tne Highway Diversion
Channel will extend north from Sunland Park Drive, paralleling
Interstate 1U, entering the dam via an existing arroyo at the
north edge of the study area. The project area is located between

Interstate 10 and the Coronado Hills Subdivision as shown in
Figure 2. The reader will note the relationsnip of the planned

diversion cnannel and tne locations of Keystone Sites 3b and 37.
T1ne investigation and interpretation of these two sites is the
subject ot this report.

Tne sites are located within .7 km of each other along the

east margin of the Rio Grande Valley (Figure 1). They are
situated near the lower edge of a series of gravel ridges
extending toward the river from the FranKlin Mountains. These
ridges have been truncated by the construction of Interstate 1U
which runs immediately to the west of both sites (Figure 2). The
otner Keystone Sites studied previously (U'Laughlin 1960; Fields
and Gerard 1963) are located just west of the highway on lower
elevation ridges and on the edge of the Rio Grande floodplain. A

more detailed discussion of the site locations is presented in
Chapter J of tne report.

The excavations of Keystone Sites 3b and 37 (41EP496 and
41EP492) are only the latest in a series of archeological
investigations, extending back to 19/6, related to the
construction of flood control facilities in the immediate area.
Previous work has been directed at the excavation of Keystone

Sites 32, iJ and 34; the results of those studies are briefly
summarized in Chapter 2. They have contributed significantly to
our understanding of archeological variability in the El Paso
area, particularly as it relates to the remains of mobile

populations from the Archaic period. Since Sites 3b and 37 date
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to a later time period they cannot be viewed as being systemically
related to the previously investigated sites. Nevertheless, the
body ot data resulting, as a whole, from the Keystone Dam
investigations consists largely of information on the deposition
or cultural materials in the context of mobile adaptive strategies
trom various time periods.

Tne recovery of important problem-oriented data in the
context of the Keystone Dam construction has been fostered by the
application of a progressive view of the role played by contract
archeology witnin the discipline at large. Beckes (1977:217) has
observed that in the past, specitic cultural resource management
kCRM) goals have not been responsive to archeological research
orientations in the area. It is no longer acceptable to consider
CRM archeology as analytically separate from the rest of the
discipline. CRM research undoubtedly accounts for the majority of
archeology presently conducted in this country. In light of the
resultant impact on the nonrenewable resources ot the
archeological record, contract archeology must be Justifiable in
terms ot needs defined by the project sponsor and the archeologi-
cal community. in other words, data collection and analysis
should result from problem-oriented research designed in response
to current archeological issues. For the most part, research at
Keystone Dam, including this study, has been responsive to this
approach and the Army Corps, Albuquerque District, is to be
commended tor soliciting interpretive reports which go beyond
s~mple descriptions of the fieldwork accomplished.

Scope of Project and Uverview or Results

The planned construction of the Highway Diversion Channel

was expected Lo destroy IOU percent or Site J6 and 65 percent of

Site i/. Following O'Laughlin's (19d0:248) recommendations, the
Army Corps requested complete mitigation of both sites. Available
information on the sites suggested they were both low density
titnic scatters covering 5000 and 70UU square meters,
respectively. Both sites had between five and ten fire-cracked
rock features exposed on the surface and small amounts of ceramics
were recorded near these features on Site Jb. Both sites had been
dLsturbed by wind erosion and oft-road vehicle traffic and it had
beeU estimated that cultural deposits would only be about 2U cm
kcCp , RFP:/4).

The mitigation plan called for in the RFP elaborated upon
the recommendations stemming from U'Laughlin's investigations
(19d:24/-249). Field investigations were to inciude four basic
tasKs: site mapping, surface collection, systematic subsurface
t.-st excavation and controlled hand excavation of features.

Fieldwork was initiated on December 12, 1983, and was
originally scheduled to be completed within six weeks. Because of
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dt2,iys due to site vandalism and additional excavation prompted by

the discovery of unexpected features, the period of fieldwork
extended througi Marcn Jj, 19d4. Surtace actlvities included site
mapping, proton magnetometer survey, piece plotting or artifact
distribuiLlrIs and surface coliection. Testing and excavation
units consisted or a combination of random, systematic and judge-
mental nand eXcavtiLons as well as backhoe trencnes. The details -.-

ot these tecnniques and the sampling designs through which they
were applied are discussed in Chapter 4.

The results of our tieid investigations had been unexpected
but they are archologically very interesting. The analysis of
these two visually uninspiring campsites has provided significant
new intormation concerning the range of variability in the local

archeological record. The results are theoretically interesting
since they "hailenge some aspects of the conceptual frameworks
which have traditionally been used to assign meaning to the
archeological record. The most significant results of this study

can be summarized within the following topical areas: 1) evalua-
tion of field methods in relation to the recovery of features, 2)

identification of another variety of short-term hut or shelter, a
teature type which has only recently been recognized in the local
archeological record, s) development of improved chronological
control, 4) detailed intrasite distributional analysis and 5)
evidence for a mobile adaptive strategy relatively late in time.
tiiese topics are briefly outlined below.

I) The cultural deposits were found to be deeper than had
been anticipated and, in spite of evidence for extensive erosion
at the sites, many features were identified which lacked surface
indications. Eighteen and JO fire-cracked rock features were

recorded at Sites 36 and 37, respectively. This finding argues
the need for a reassessment of our general archeological
expectations or surface sites in similar settings. It is
noteworthy that the careful use of mechanical equipment played an

important role in the successful documentation of subsurface
features.

2) Even more significant is the identification of at least

l6 shailow pit structures. This group of features constitutes one
of the largest sets (along with Keystone 3J) of non-pueblo
structures reported from a single site in the southern New Mexico-
west Texas region. The features are small shallow depressions

probably representing the remains of wikiups or similar short-term
sneLters. Mucn cf the body of the report involves the
presentation and discussion of data on these structures. They
provide a substantial addition to the recorded range in
variability among prehistoric features in the region.

3) Caretul feature excavations have provided a total ot 36

samples for chronometric dating, making these two sites among the .
best dated in the hl Paso area. The induced hydration technique
or obsidian dating was applied to 4 samples from Site 36 and 17

%_-"..'"."



t rom Site 3/. Thls relatively new technique avoids some ot the

problems associated with older methods because it provides source-
specific hydration rates for each of the three listinct soureL,
groups identified at the sites. Since the hydration rates are
determined experimentally, the dates are independent measures ot
artifact age, requiring no calibration with other chronoaetri%
techniques. In addition, the two sites yielded five and tn
radiocarbon determinations, respectively. Neither site dates to
the Archaic period as had been suggested by earlier studies. Site
jO dates Lo about A.D. 6UD-80U, well within the early Formative
Mes iI La phase. Site -J/ was occupiea later and over a longer
period of time, with dates ranging from about A.D. i050-350J.
Detailed intormation on the dating methods used and the results or
the chronological analyses are presented in Chapter II.

4) Intrasite patcerning among arLitacts and teCAturles has
been investigated through the use of computer mapping techniques
and multivariate statisticai procedures. At both sites, art tact
associations, density distributions and feature distributions all
indicate functional partitioning o1 space by the prehistoric

occupants. A basic dichotomy is identified between low intensity
special use space around the site periphery and higher intensity
use space occurring in more central locations; the pattern is best
developed at Site 3/. The identification and interpretation ot

within site patterning is discussed in Chapter 10.

5) The relatively late dates obtained from Site 37 are

perhaps the most interesting finding of the project because the
snort-term pit structures appear to have been contemporaneous with

nearby Dora Ana and/or El Paso phase pueblos. However, Site 3/
does not closely resemble most other sites in the region which
have been assigned to the Pueblo phases. This raises the
provocative qustion of whlat type of adaptive strategy may be

represented by Keystone Site 37. it is suggested that the remains
could have been produced by groups employing a strategy involving
high levels of seasonal mobility. Data relating to this issue are
dealt with in ChapLers 7, d, 9 and 13.

Organization or the Report

The report is divided into three main sections covering the,

Background, Investigation Results, and Discussion and
Intcrpretaition. Thu Background materials, contained In Cthapters I

through 5, include discussions ot previous research, the research
design, ft CId metLods and the environmental Context. (haLteL s 0
through I I are devoted to the presentation of data resulting trom

LIti s sgtdy. [11c lndel in this section are ev.l 1iatilS cit til '
v,rioks data recovery techniques, clhronologic a l dnalyses, spatial
IL.ILVSe S, descrit-lins ot teittires and d1iSCUssLTIs it the liL1,

and botanical analyses. The final section of text, Chapters iZ
,111 ( , COIlSists ot interpreLations resiiltiniog ttr n the, aall vs is ()
,ictivity patterning, site structure and regional[ settlement
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patterns, along WILft a report summary. The results of the
analyses of soils, obsidian anid radiocarbon samples and botanical
remains are provided in the appendices.
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CHAPTER 2

PREVIUS RESEARCH

The Keystone Jam project area is part of tIe region I oc1(,.,

in the Jornada Branch of the Mogollon area (Corley 19b5; Lenme

1946). Compared to other parts of the Soutnwestern United Stat-

areas lying within the Jornada Branch have received relativk

little attention from archeologists. The Jornada region has

been conceptualized as having been marginal to the better-stu,'

cultural developments elsewhere in the Southwest. Thus viewed

a marginal area, the Jornada Mogollon attracted i t t

professional attention until the recent implementation ot cu1L(!

resource management policies.

In the last decade, the Jornada area has been the tocus

increasing attention from archeologists, largely in response

developments undertaken by the U.S. Army and other governmenti

agencies. Even so, our understanding of the archeological recl:

lags behind other areas of the Southwest where chronologies ;i.

the range in site variability are better known. This sectioi

contains a brief overview of research conducted in the regi :

relevant to the present study. it is followed by a summary of Li

prehistoric sequence generally applied in the Jornada area, and

discussion of problems generated by the traditLio.:
concepiualization or that sequence. The latter part ot ti

chapter consists of a review of previous work conducted as part

the Keystone Dam project and an examination of the results wil

are relevant to the present study.

History ot Research in the Jornada Area

The earliest archeological researcn in the study area 1,!:

t) the [92Us and 19jOs. During this period a va rlot'

researchers conducted excavations directed at the recoverv

perisnable materials from caves and rocks ieiters in the due,

Guadalupe Mountains (Alves 1930, 1932; Ayer 193t; Brva i .

Conkling 1932; Cosgrove 1947; Howard 1932; Roberts 19'i). 1,

investigations provided tile initial documentation for prck-: 'I

and early Formative materials in tile area Dut were nerco>
limited by their bia, for onty one class of site type.

Other invesut gat liors doring the same period 1ocusi.d 0''

survey and testing of sites in tne Tlarosa Basin, Ilueco Bo''

Rio Grrnde Val ly and iorriada del Muerto (Al yes 1951, ,

Chapman 192b; Crimmins 1929; EPAS 1905; Sayles 1935; Stubbs
Vormilkion 1919). Early attempts at sy1ithr]sizing and Classi t,,

the rinds mentioned in the desr riptive reports were undertak,i-

StalLings (1932) and 1era (19j6, 1943). it is not unexpected
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archeological remains from south-central New Mexico and west Texas
were classified within the Basketmaker-Pueblo framework based on
thie better studied Anasazi materials to the north. The concep-
tualization of the Jornada area as being peripheral or marginal to
neighboring Puebioan developments begins at this time. The
effects this notion has had on archeologists' perception and
expectations for this region have persisted, in varying degrees,

up to the present.

Based on excavation and survey work carried out during the

early 1940s Lehmer (1948) defined the Jornada Branch of the
Mogollon. The resultant phase sequence, discussed below, still
provides the basic chronological framework for research on the
Formative period in this region. Only recently have the form and
content of the phase categories been questioned or revised by some
researchers.

Following this early period of activity, the Jornada appears
not to have attracted much professional interest. Sporadic re-
search efforts were directed primarily at the description of
Formative sites (Hammack n.d., 19bl; Holden 1952; Kelley 1966;
HcCluney 19bi; Schaafsma n.d.). In the El Paso area, most work in
the 1950s and bUs was conducted and published by the 9l Paso
Archeological Society, and these eftorts were also directed at the
description of large Formative sites. The publications of the
society represent a significant proportion of the published data

available for the El Paso area.

Most of the professional research in the Jornada area has
been accomplished since 1970, largely in response to culturaL
resource management concerns. Several extensive surveys have been
conducted in the context of planning and field training exercises
at Fort Bliss k8eckes 19//; Whalen 1977, 1916, 1980; Skelton et
al. 1961; Carmichael 1983a). Additional smaller surveys have been
implemented on other public lands (Wimberly and Eidenbach 1971;
Way 1911; Lord 198U; Eidenbach and Wimberly 1960, Eidenbach 1983;
HiLley ec al. 1962; Duran 1982; Hester 1971; Laumbach 1982).

Small clearance surveys and excavations provide more detailed
data, but coverage is spotty relative to survey data (O'Laughlin
1979, 1980; Kegley 198U; Moore and Bradley 1980; Hard 1983; Batcho
198,4b; Ficids and Girard 19dj). One notable pattern in most
recent work has been an empnasis on the study of the floors of
desert basins. Very few reports have been generated regarding the
archeology of mountain ranges in the area, but the available
evidence suggests that mountains were more important than would be
indicated by the present data base (HSR 197J; Bohrer 1980;
Carmichiael 1982; Stuart and Farwell 1983; Harrill 1980; Ravesloot
and Spoerl 1964). Similarly, with relatively few exceptions
(U'Laugnlin 19/1, 1960, 1981; Foster et ai., 1981; Greiser 19/3;
Kauftman 1984; Carmichael and Elsasser 1984), the study of the Rio
Grande Valley has been neglected. Il
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Althoughi the last ten years have seen a great increase in

the amount of archeological research, there still exists in the

Jornada area an imbalance in the kinds of data which have been

recovered. As LeBlanc and Whalen k196U) note, research in the

Jornada is heavily dominated by survey projects. Very little

analysis of excavated data has been done compared to nearby

regions containing Anasazi and Western Mogoilon materials. For

this reason, excavation projects, like those associated with the

construction of Keystone Dam, take on added signiricance. Almost

every new excavation provides improved chronological control and

insights regarding the meaning of archeological variability as

recorded in survey data. Specific contributions made by previous

Keystone investigations are discussed below.

Regional Culture History

As a background to this study it is useful to consider the

developmental sequence normally appiied to the prehistoric record

of the southern Jornada area. The archeological continuum is

subdivided into developmental stages such as Paleoindian, Archaic

and Formative. Although designed to reflect sociocultural

variability, these taxa usually carry temporal connotations as

well. it is this latter characteristic of the sequence which has

led to some of its conceptual limitations, as discussed herein.

Paleoindian Period

The earliest weli-documented archeological remains in the

Southwest are assigned to the Paieoindian Period, dating between

ii,0UU-d,0UO yeirs ago. Late Pleistocene climates were wetter and

cooler than at present and southern New Mexico and west Texas

probably supported large areas of savanna or open woodlands

associated with heavily forested mountains. Numerous lakes and

permanent streams attracted a wide variety of large game animals

which were exploited by prehistoric groups.

The distinctive Paleoindian stone tool assemblages, contain-

ing tinely made lanceotate spear points, are generally thought to
be indicative ot adaptations specialized for the hunting of large

game by small bands of highly mobile hunters. Paleoindian

materials are generaily comparable over wide areas of the

continent, but the earliest of these assemblages, characterized by

Clovis points, is rather poorly represented in south central New

Mexico. Isolated Clovis points have been reported along the Rio

Grande Vailey and in the southern Tularosa Basin (darkey 1961;

Krone 19/b), and at least two sites are known from the general

area. These occur near MocKingbird Gap, 19U km to the north

kWeber and Agogino 19b8) and on a site in Rhodes Canyon on the
northeast side ot the San Andres Mountains (Eidenbach, 1963).
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The earliest materials documented in the immediate area are
those of the Folsom complex, as identified by the presence of
distinctive fluted points. The assemblages have been dated
elsewhere to the range of about ll,bUO-LU,OOU years ago (Wheat
197z). Several types of sites are probaDly assignable to the
period. Kill sites, butchering stations, and other types ot
procurement loci are found associated with ancient ponds and
lakebeds (Judge and Dawson 1972; Beckes 19/7; Carmichael 1983a;
Hilley et al. 1962). Some of these sites cluster in areas which
may have been used for short-term base camps (Russell 19b8; Krone
1975). Additional staging areas, or logistical camps, may be
identified in the canyons and foothills adjacent to major mountain
ridges, as in Fillmore Pass and Rhodes Canyon (Carmichael 1983a;
Eidenbach, 1983). Several caves in the region probably were
occupied during this period (Bryan 1929; Conkling 19j2; Howard
1932; El Paso Archaeological Society files), but these sites are
poorly documented. The distribution of Folsom sites suggests a

highly mobile hunting and gathering strategy.

This pattern continued on into late Paleoindian times when a
more diverse set of lithic traditions is defined on the basis of
points trom the Laterally-thinned (Midland, Plainview),
Constricted Base kAgate Basin, Hell Gap), and Indented Base Series
(Firstview, Cody Complex). These are collectively known as the
Piano tradition and are da, I from about 10,500-8,000 BP (Wheat
1972; Cordeil 19/9). Aside from changes in projectile point
manufacture, the assemblages are similar to those found on Folsom
sites. Site distriDutions and densities are also similar, with
pernaps more emphasis on the use of permanently watered areas
(Judge and Dawson 19/2; Carmichael 1983a). This change may be due
to the onset of a gradual drying trend which continued into the
Archaic period. big game hunting is still the suggested subsis-

tence base, but there is evidence for increasing specialization
using laDor-intensive hunting techniques involving larger social
groups (Wheat 19/2). Locally, the only Plano sites known are
camps tound in locdtions similar to those recorded tot Folsom
sites (Everitt and Davis 1974; Russell 1968). Kauffman (19b4)
recuntly documented a late Paleoindian component on a campsite in
southeast El Paso. it is in a valley margin setting similar to
the Keystone area so it is possible that Paieoindian groups

exploited the present study area as well.

Archaiic Period

[le Lengthy Archarc period is generaliy dated to about

6,UUJ-Z,UUU BP, although both the beginning and closing dates are
matters of denate (Stuart and Gauthier 1911; Beckett 1979). Post-
Plistocene drying trends produced an essentially modern climate
regime by the Middle Holocene (8,OUU-4,UOU BP) (Van Devender and
Spaulding 1979). Prehistoric occupations of this period adapted
to desert grasslana and desert scrub resources, and to increased
spatial and seasonal variability in key resources.

11.
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This was accomplished through the development of patterns of

seasonal mobility keyed into the availability of natural
resources. Increasing variability in projectile point styles

suggest that regionalization may have been an associated develop-
ment YTaylor 19b4; Jennings 19b4; Winters 19b9 . Nevertheless,

social groups were still probably organized at the family and band
level witti a nhgn degree of residential mobility.

Relatively little is known about the earliest Archaic
adaptations due to a lack of materials from the Early Holocene.

However, by about /,000 8P increasing numbers of people were
involved in seasonal subsistence rounds. Archaic sites recorded

in the area reflect the use of a wider range of topographic
settings (i.e., resource zones) than is known for Paleoindian

times (Carmichael 1963).

An empkliasis on seed gathering is often considered to be a

hallmark of the Archaic period. In Fresnai Shelter alone, the
remains or 3/ food plants have been identified (Human Systems

Research 1972). Variations in the spatial and seasonal availabil-
ity ot these species would contribute to the patterns of muoility

developed during the period. As part of this pattern, scheduling
or procurement activities was probably accomplished by

partitioning the environment on the basis of available resources.
Thus, within a logistical settlement strategy, many sites can be

expected to reflect the exploitation of discrete resource zones. ..

It appears that such a pattern emerges in the study area

during the Archaic period. As might be expected for a broad-
spectrum economy, a number ot different site types are known,

distributed over a wide range of topographic settings. However,
due to the seasonal limitations on specific resource zones, the
vast majority of these sites can be viewed as short-term camps.

In the Tularosa Basin, dispersed camps containing quantities

of groundstone probably reflect the use of mesquite and a variety -

ot annuals (Brethauer 1978; Carmichael 1981; Eidenbach and Wimber-

ly 1980). Specialized agave processing camps probably date to the
late Archaic in the Guadalupe Mountains (Katz and Katz 1979;

Applegarth 19/b) and adjacent to the Sacramento and Franklin
Mountains (Beckes 19//; O'Laughlin 1960). The archeoiogy of

mountain zones is poorly known in this region, but there are
indications tliat these upland areas were important for hiunting
during the Archaic kJ'Laughlin 1917; Human Systems Research 19/2,
19 3; Carmichael 1962).

In contrCasL to these short-term procurement camps are the

sites representing longer-term occupations. Fresnal Shelter and
Keystone Dam Site 33 can be interpreted as seasonal base camps

reflecting early summer and fail, and winter occupations, respec-
tively. Long-term residence is indicated by tle ccumulation of
extensive trash deposits, the maintenance of living floors, and by
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the relative lack of groundstone tools characteristic of ephemeral

procurement camps in the region (Human Systems Research 1973;

O'Laughlin 1980). Many residential base camps are probably

located outside the basin floor environmental zone, in response to

the distribution of reliable water supplies, around which band

territories were probably oriented (Taylor 1964).

One additional important development occurring during the

Archaic period was the introduction of domesticated plants.
Although the local data are still not clear, this process may date

as early as 3500 BP (Dick 1965; HSR 1972; Carmichael 1982; cf.

Wills et al. 1982). All available evidence indicates that culti-

gens played a minor role in overall subsistence during the Archaic

period, serving mainly to add to the diversity provided by the

wild plants in the diet (Minnis 1980; Bohrer 1981). The eventual
intensification of the use of domesticates, presumably in the

-----------ace oLfnea.t a b4Ii __ zs oa -
the processes generally used to characterize the ensuing Formative
period.

Formative Period

The study area lies within the region defined by Lehmer

(1948:73) as the Jornada Branch of the Mogollon. The cultural
sequence originally defined for the Jornada was based primarily on

differences in pottery and architecture. However, Lehmer also
proposed the existence of a Hueco phase comprising foraging popu-

lations which spanned the preceramic/ceramic transition (A.D. 1-

9UO). Early use of the Hueco phase was analogous to that of

Basketmaker elsewhere in the Southwest. This usage has been
confused in more recent work, and the Hueco phase has been

attributed to the late Archaic (Beckes 1917; Whalen 1978; Skelton
et al. 1981). As Beckett (1979:223) notes, the Hueco phase lacks

viability given its inconsistent application.

The definition of the Jornada includes three ceramic phases

relevant to this study area. As defined by Lehmer (1948:89) these s

are the Mesilla phase (A.D. 90U-iiUU), Dora Ana phase (A.D. 1100- .4

1200), and El Paso phase (A.D. 1200-1400). This framework has
provided the basis for most recent work in this area. However,

this system of phases is becoming increasingly unwieldy in light
of the greater range of variability being documented in the

archeological record.

Mesilla Phase

it is traditional in archeology to consider the advent of

the use of ceramics as representing an important cultural

threshold. Locally, the appearance of El Paso Brown has been

treated in this manner, and, along with the use of pithouses, has
been used to define the beginning of the Mesilla phase. However,
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most recent research shows that these developments occurred

independently, and much earlier than was originally assumed. e"

Shallow pithouse structures excavated in the Hueco Boison

have been attributed to, and have been part of the definition of,

the Mesilla phase (Whalen 1916, 19/9). But similar structures are

also known during the Archaic period (Minnis 1980). At Keystone
Dam, these pit structures date back to 4,00U BP (O'Laughlin 1980).

The similarity between Archaic and Mesilla phase dwellings is .

instructive but it argues against the utility or the trait in the

phase definition. It Fhould not be surprising to find pithouses

at much later dates as well (Cordell 1919).

The remaining criterion is problematical due to the fact

that dates on El Paso Brown have been pushed back in time, and

because this ceramic type is not confined to the Mesilla Phase.
Excavations in the Hueco Bolson and Rio Grande Valley have yielded

dates on local brownware ranging back to A.D. 200 +/- 60 (Whalen
198U). This extends the Mesilla phase to span a period of 700

years (O'Laughlin 1980). It is like - v that significant archeo-
logical patterning is being obscured by subsuming this long a

period of time within a single phase. In addition, it must be
recognized that when defining phase identity on the basis of local

plainware, the potential exists for assigning snort-term Pueblo
and Proto-Historic period camps to the Mesilla Phase.

Traditionally, the Mesilla phase has been interpreted as

being characterized by the use of pithouse villages (Lehmer 1946;

Whalen 1978). Yet, the vast majority of Mesilia phase sites are
ephemeral short-term camps (Hester 1971; Moore and Bailey 196U;
Beckes 1977; Carmichael 1983b; Upham 1984). A high degree of
mobility and a generalized subsistence pattern seem to be indi-

cated, and both conditions contribute to a high degree of seasonal
functional variability (Hard 1983). In fact, general similarities

to the Archaic with regard to site size, contents, and distribu-

tions suggest that much of tne Mesilla phase represents

essentially an Archaic adaptation with the addition of ceramics.
Nevertheless, a six-fold increase in the rate of site formation

suggests significant population growth during Mesilla times

(Carmichael 1983a). By the end of the phase substantial pithouse

villages are known, some of which which appear to have been

occupied by larger social groups (e.g., Los Tules, Rincon Site,

Hatch Site, Hatchet Site). Increasing levels of social integra-
tion may be indicated by a possible ceremonial room at Los Tules,

and nonlocal ceramics reflect interregional interaction with

western Mogollon groups.

Mesilla phase sites exhibit a dispersed settlement pattern

distributed over a range of environmental zones. Nevertheless,
the availability of permanent water appears to act as a major

factor in the location of long-term residential sites until late

in the phase. Most villages are situated along the Rio Grande

Valley or adjacent to small drainages in the mountains and foot-
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hills (Lehmer 1946; O'Laughlin 1980, 1981; Beckes 1917:72; Hammack

n.d.; Schaafsma n.d.; McCluney 19ol). Some late sites are located

on alluvial fans, a pabtern whicn becomes characteristic in the

appear to have been exploited through the use of snort-term

eo elogistic camps.

Sites in the area have been interpreted as reflecting

hunting in the mountains (Way 1977; O'Laughlin 1977), processing

of agave and otheir succulents in the foothills and along the Rio

Grande Valley margin (Whalen 1978; O'Laughlin 1979, 1980) and the

gathering of mesquite, grasses, cacti, and various annuals in the

basins kBrethauer 1978; Carmichael 1981; Eidenbach and Wimberly

196U). O'Laugnlin also suggests the presence of a riverine I
component within the Mesilla phase settlement system, on the basis
or work at the Sandy Bone Site (197/). The use of domesticated

plants increases throughout the phase and by A.D. 1100 becomes an

important aspect or reorganization of land use patterns in the

area.

Dona Ana Phase

As conceived by Lehmer k1948:76) the Dora Ana pnase is a

short-Lived transition between the Mesilla and El Paso phases.
House forms include both pithouses and adobe surtace structures.

The ceramic assemblage is dominated by El Paso Brown and early El
Paso Polychrome, but El Paso Red-on-brown, Mimbres Black-on-white,

Three Rivers Ked-on-terracotta, Playas Red, and Chupadero Black-

on-white are also present.

Although the phase has been poorly documented, Dora Ana.

sites are now known from the Tularosa Basin and £{io Grande Valley

iBeckes 19//; Carmichael 1983a; O'Laughlin 1961:14b). Sites of

this phase provide the first evidence of substantial long-term

habitation in nonriverine settings. Adobe village complexes are

V clustered on and along the lower ends of alluvial fans and at
7 cdnyon moutns, presumably due to the potential for rainfall runott

agriculture (deckes 1977; Carmichael 1983a; Carmichael and

Katt tman 1964).

The number ot large village sites recorded indicates sig-

*, niticant growth and reorganization of the population relative to

the MesiLLa phase (Whalen 1981). Very likely, it is at this time

that southern New Mexico becomes part of an interaction sphere
centered at Casas Grandes in northern Chihuanua (Schaatsma 19/9).

it has been suggested (Carmichael 1983a) that the Do'a Ana phase

represents an occupation at Least as intensive as that normallyI attributed to Lhe EL Paso phase. This view argues against the

Linear modei of culture change implicit in the traditional phase

sequence. The results of the present study also bear directly on

tac problem or tLhe nature ot cultural succession, and the non-

Linear model will be discussed at Length in Chapters 3 and 13.
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El Paso Phase

The Ei Paso phase is traditionally viewed as the climax of

cultural development in the Jornada area, a development supported
by a specialized intensive farming adaptation (Whalen 1978:38).

Remains of cuitigens recovered from El Paso phase sites include
maize, beans, squash, and Dotle gourd (Ford 19I1). NeverLeless,

hunting and gathering continue to play an important role in the
overall subsistence strategy. A variety of wild plant remains are
identified at Ei Paso phase sites, including mesquite, yucca,
acorns, cheno-ams, and cactLI (Leblanc and Whalen 1980:426).

Adobe pueblos are generally viewed as typical of the phase
A' but the sedentary nature of settlement at this period may be I

overstated. In the southern Tularosa Basin, only 24/. of the
recorded Ei Paso phase sites are interpreted as io-g-tvimi -abiLa-
tion sites (CarmilUchael 19aia:11U). These large villages are
clustered at the toot 01 alluvial fans and around playa

depressions. The rest of the sites are small procurement camps
scattered throughout the basin and nearby mountains. Additional
villages are also known along the Rio Grande, perhaps reflecting a
riverine component to the settlement system (Foster et al. 1961).

In addition, it is not clear to what extent El Paso phase
"pueblos" correspond to expectations fostered by archeologists'
conceptions of pueblos known from Anasazi contexts. Many El Paso
phase villages appear to lack the extensive trash accumulations

one might expect from large sedentary populations kBecKett and
Wiseman 19/9:19/). It is possible that some pueblos were only
occupied seasonally or on a permanent basis by only a portion of
the population (Foster and Bradley 1984). An ancillary

residential site, possibly a field house, has been discovered on
the mesa west of El Paso (Batcho 1984b) but the role played by
such sites in the overall settlement system has yet to be worked
out. Suffice it to note that some investigators have suggested

higher levels of mobility (i.e., a greater variety of adaptive
strategies) for tile El Paso phase than is implied by traditional

views (Carmichael 1983b; Upham 1984).

Given the recent data on Do'nla Ana occupation, it is also not

clear that the El Paso phase represents an increase in local
population or organi zationa i complcxity over the previous phase.

The overall adaptive pattern is probably very similar to the Dora
nAnn phase, aIthough some shirts in settlement patterns are noted.

El Paso sites show a somewh,1t reduced tendency to be located on
atluvial tan, and an increased orientation toward playas on the

basin floor (Beckes 1977; Carmichael 1983a). In the Rio Grando
- Valicy, a so'ithward snit ot settlement along the river has been

suggested (W'LaughLin 196). Such shifts may be related to
fluetuations ill the inte si lv , t occupation in a given study area

rather than large scale chiange.s in Land use patterns throughout a

region.
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As Stuart and Gauthier (1961) suggest, cultural systems can

be modeled as having the ability to oscillate between intensive,
specialized adaptations and generalized, efficient ones. They
suggest that in the northern Tularosa Basin this type of
oscillation is refiected in the altitudinal shitting of long-term

residential sites. Similarly, the Dona Ana and El Paso phases may
represent two different cycles of intensive occupation of the

basin (Carmichael 1983b). This argument is also relevant to a

consideration of the post-Pueblo period as noted below.

One additional feature of interest is the evidence for

cni nges in regional patterns of interaction during the El Paso

phlase. Nonlocal ceramics found on El Paso phase sites reflect a
wider variety and range of contacts than at any other time during

the prehistoric sequence (Whalen 1978; Smiley 1977). In addition,
;ix- il% siis fi:u, the Fdcijiic and G ulf CoasLs ale leCoIded

(Whalen 1978) as well as copper bells from Mexico (Lehmer 1948).
Lt may be that these data indicate a shift in regional patterns of

exchange, perhaps related to a reduction in the importance of

Casas Grandes after A.D. 1JO0 (LeBlanc 1980).

Post-Pueblo Period

There is little recognized archeological evidence for the

occupation of southern New Mexico and west Texas after about A.D.

140U. Environmental change and attendant failure of adaptive

systems are often invoked to explain the widespread pattern of
apparent abandonment. However, several authors have noted that

archeologists have failed to produce the data needed to support a
depopulation model kWimberly 19/9; Tainter 1981; Upnam 1984).

Rather than (or in addition to) depopulation, it may be reasonable

io postulate a return to a generalized, efficient adaptive
strategy.

Tne great majority of sites in the Jornada area are small

Lithic and ceramic scatters. These sites are difficult to place -

in the normative culture-historical sequence because they lack the

characteristics used to assign phase affiliation (e.g., visible
archiLecture and large ceramic assemblages). Yet, these very

sites are the ones wnich conform to expectations regarding remains
leposiced by small mobile groups with a generalized subsistence
hise (Cordell et al. 1963). The large number of unidentified
stes could refer to mobile components of pueblo-based settlement

systems or separate mobile strategies occurring at various times.

Groups of small ephemeral sites could be predicted as the

result of aboriginal systems in operation at the time of Spanish
,ontci. Reports of settled pueblo-dwelling indians are consis-

tntLy lacking from the section of the Rio Grande Valley between

t-l' Rio Coiichio and modern day San Marcial, New Mexico (Everitt

19//). On the other hand, hunter and gatherer hands exhibiting a

pattern ot seasonal residentIal mobility are documented along the

% -0

Ze~~ .. 4 ... '-%%



river. Periz de Luxan described a rancheria comprised ot flat

rooted pithouses along the Rio Grande (Hammond and Rey 1929). II
Based on observations by Espejo in i182-i1d3, these rancherias
appear to nave been winter settlements (Hammond and Rey 1966).
This same stretch of valtey was uninhabited when the Rodriguez

expedition passed through in the summer of 1581. A similar
pattern of seasonal movement is later noted by whiting \ib49) for

the Apache: winter settlements along the river, and summer

encampmen-Its in the mountains.

Apacnes are known to have frequented tne study area, yet

tiley remain almost invisible archeologically. It is significant
that the mobility patterns described for late prehistoric and

historic Indians resemble what we know about Archaic settlement
patterns. Thus archeologists must accept the idea that Archaic-

style adaptations have not necessarily been limited to the Archaic
period. The re-nains of such adaptations will be especially diffi-

cult to identify since they are very likely to have been assignCd
to tne Archaic or early Formative periods, in light of the high
degree of mobility suggested by some for the Jornada area, this
model of post-Pueblo generalization warrants serious attention
when nondiagnostic ephemeral camps are involved. As discussed at
length below, the results of the recent excavations at Keystone
Dam bear directly on this issue of temporal variability in
adaptive strategies.

Previous investigations Associated with Keystone Dam

The present study is the most recent in a series of archeo-
logical investigations related to the construction of flood
control facilities on the west side of El Paso, Texas. Archeo-
logical sites were reported in the vicinity of the Keystone Oam as

early as 1974 (O'Laughlin 1980:1) but it was not until 1976 that a
systematic survey of the area was undertaken. As a result of that
survey, 18 prehistoric sites were defined (Gerald 1976). The
sites were identified within the numbering system used by the El
Paso Centennial Museum (ECM:3i:IU6:2:3i. 32. etc.) and, as a e

shorthand convention, sites were referenced by the last number in

the series (e.g., Keystone Site 33). This form ot reference has
been adopted by the Army Corps and previous investigators (Request

for Proposal; O'Laughlin 1980; Fields and Girard 1983) and it is
toilowed herein as well. However, some ot the sites have

additional institutional numbers, and all have designations within
the Texas trinomial system. The relationships among the various

sets of site numbers are shown in Table I.

Out of the original 18 recorded sites, eight were suggested

as being eligible for nomination to the National Register ot
Historic Places (Gerald 197b). These were separated into three
groups on the basis of site size and number of features, and one
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Table 1. Keystone Dam site number equivalents

KS Number (EPCM) Texas Trinomnial NMSU

29 41EP491

31 41EP492

32 41EP325

33 41EP493

34 41EP494

35 41EP495 1536

6 41EP4 96 51, .>0

37 4I1EP492 1531

41EP2461 1534

41EP2462 1535
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site was chosen from each group for mapping, surface collection

and test excavations. These Phase II investigations were carried

out at Sites 29, 33 and 34 as reported by O'Laughlin (198U). Part

of the results of O'Laughlin's study was the reevaluation of the
nature and extent of several sites, including ttie ones reported

here. Sites 36 and 37 were found to be larger and to contain
greater numbers of features and artifacts than had originally been

reported (O'Laughlin 1960:241-248). In light of this new

information, the Army Corps requested a Determination of National

Register Eligibility for Sites J2, 33, 34, 36 and 37 (Fields and

Girard t dij:2).

After receiving determinations of eligibility for these

sites procedures were implemented to mitigate the adverse impact

of construction. The Keystone Dam was redesigned in order to

avoid portions of Sites 33 and 34. Mapping, surface collection
and excavations were carried out at Site 32 by Prewitt and

Associates in 1982 (Fields and Girard 1983). The present report
contains the results of mitigation efforts at the remaining two ot

tne five sites which have been or will be directly impacted.

In addition to these Corps-sponsored projects, the CRMD

recently reported on mapping, surface collecting, and test

excavations at Site 35 and otner sites to the east of the Highway
Diversion (Carmichael and Elsasser 1984; Stuart 1984). Even

though the site was identified during the original Keystone

survey, it lies outside the construction easement on private land.

Site 35 was contained within a parcel surveyed for the developer

and the results are incorporated into this study. The

relationstip between the Keystone Sites and those occurring nearby

on private property is shown in Figure 2.

The archeological investigations conducted in relation to

the Keystone Dam construction have contributed important new

information to our understanding of local prehistory. The bulk ot

O'LaugnliLn's (1980) work in the area was directed toward the
excavation of Sites 33 and 34. Both sites are located on an

alluvial fan and terrace remnant approximately 450 m west of the

present study area. The data pertaining to Archaic adaptations

are especially noteworthy.

Site 33 contains evidence for approximately tnree dozen

shallow circular houses or huts dating back to 4450 BP. They were

apparently constructed of mesquite, cottonwood, creosote, reeds,

etc., and plastered with mud. Some houses indicate the superposi-

tton of later floors over trash accumulations on previously

occupied floors. The structures are also associated with trash

filled pits, a possible storage pit and several large fire-cracked
rock concentrations. Based on the range of features and the

nature ot the artitact assemblage, the site is interpreted as an

intermittently occupied residential base camp (O'Laughlin
190: 2 i-.J.
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Formative period occupations ire also documented at Site J4

Nand in the upper portions of Site 33. it is interesting that the
*Formative colaponents are smaller and more epnemeral Lhan thle

Archaic occupations. This would seeni t. indicate that later use
ot the K, ystone Data area was responsive to difturent logistical

* factors than were operating during the Archaic (see 6intord 1982).

TPhis possibility is borne out by differences in the lithic

assemblages. The Archaic levels are Characterized by greater use
of fine-grdild raw materials, greater emphasis on bitace produc-

tion and greater curation of tools and cores. Formative period%
components have higher proportions ot tools, indicating an
expedient technology related to greater specialization for the

processing at leaf succulents (O'Laughlin 1960:23:)). These tind-]
ings raise the question of whether the remaining Keystone Sites
are base camps similar to the Archaic levels ot Site 3j, or snort-

term task group sites like those attributed to the Formative.
This issue continues to be important and is discussed in relation
to Sites Jb and 37 in Chapter 13.

Another problem raised by previous work in the area includes

the question of the function of fire-cracked rock features and
cnanging patterns in their use tnrough time. O'Laughlin argues
that fire-cracked rock features were specialized for the
processing of leaf succulents such as agave 1,1960:101-119). He

further contends that all rock hearths are functionally equivalent
A regardless of size (19dI0:119). However, it is noted that the

largest features of this type are attributable only to the
Formative occupations. This Suggests that the importance of leaf
succ-ulents iaay have increased through time (O'Laughlin 198(0:235).

U'Lugl i'swork is also important because it draws to- -

,guther intormation about the nature and d-istribution of other 2
Archaic and Formative sites in andi along the lower Mesiila Valley

(iq8J:27-5i). His sylitnesis contains or summarizes the bulk of
L111 ptiiaisiitd( iaci on iitnic artiract frequenCies irom El Paso
'Ir'Ia Sites. fhese data, along with those from the Rotn Site

'Laulghlin 1961), Las Catbranas (Foster and Bradley 1984i) and the
DolIAni CionLy Airpurt sites (Batcho 1964b) provide a basis for

-M iKzI 1;.' "(ipir LSoIIS 1imolig arti tact assemblages in the area.L

Ofle i)t L li-,:* nil 1 Sp)eCtS of tile Signi t icaMCe Of Site 32 was
IL11L p0SS1) hI IL L:vIliL LL was te~mporal Ly related to Site 3) and
subsejiientL d.,ii:ig () t tte si te conf irmed thle presence ol Archaic

*coillpuous ilF, 1i s itid (i rard 198 3: 12J-1 24). Thie Site is Linter-
preted as rercuigrepeited Short-term occupations at tour o
dirtert!Iht tines culring tlle IiLi Archaic and early Formative

- pt iods. No s o r~wtre rccorded but the recovery of a piece
ot WILLLe1-Iiipr'--- L; is U9,,CStive or thle occuirrence2 or Struc-

t ur e sI milI r Li) L ise ;it K(-ys tone Ij (Fields and Girard

19ei : 12))

Bi I. -' 'I 1i) 1. i I a id tt- Liti r e cu L e n1 , L tie rI r 01111)-
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nelLS Of the site are interpreted as specia i zed camps tor the

processing of Leaf succulents. The later components are viewed as
fieLd camps with less evidence for tne use of special processing
features. These results contradict the evidence from Site 33 for
an increase in the use of fire-cracked rock features through time.
However, it is noted that none of the features at Site 32 are as
extensive as those attributed to the early Formacive occupation at
Site 33 (Fields and Girard 1963:124). Thus, questions regarding
the trajectory of leaf succulent exploitation over time remain
open.

The analysis of lithic artifacts from Site j2 provides

additional comparative data for Archaic period raw material
procurement and tool use. Variability in the lithic assemblage is

inferred to have been produced by a pebble reduction strategy
applied to local gravels and the deposition of curated tools

manufactured elsewhere (Fields and Girard 1983:lb5-lb8). Such a
pattern corresponds to the expected by-products of a short-term
camp, the function suggested for the site. This interpretation is
supported by the recovery of 40 bitaces, a much Larger number than
has been reported from other Keystone Sites (Fields and Girard
196J3:152). Together with the data from the other sites mentioned
above, the Keystone Dam investigations report the assemblage
characteristics for a variety ot site and component types. Such
data are relatively rare in this region and they provide the basis

for assessing the systemic contexts of Sites Jb and 37.

More specifically, the Archaic assemblages are used as
models for mobile strategies in general. Prior to this study,
Site 37 was expected to date to the late Archaic or early Forma-
tive period (Request for Proposal, Part Ill, Section J). in spite
of some general similarities between the assemblages of Site 37
and known Archaic sites (e.g., lack of ceramics, high variability
among cherts), the results of our chronological analyses indicate

a much later date for the occupation of the site Chapter L1).
This apparent contradiction can be clarified by recognizing that
Archaic-style artifact assemblages and adaptive strategies need
not be confined to the Archaic time period.

As a result of previous archeological investigations in the
Keystone area several research topics relevant to the analysis ot
Sites 36 and J/ have become evident. These topics include various

aspects of a growing concern with the role of individual sites and
.S components within adaptive strategies:

1) chronological control and the identitication of

reorcuparion,

2) assessing tunctional variability among features,

especiaLLy fire-cracked rock concentrations,

3) detining the nature ot the Litnic procurement and

reduction sequence,

22



4) interpreting site function and contextual relation-

ships, and

5) identifying changes in land use patterns over time.

The approaches used to carry out analyses related to
these research topics are detailed in the tollowing

chapter.
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CHAPTER 3

RESEARCH DESIGN

introduction

This chaptei itlines the theoretical perspective brought to

the collection and the analysis of data at Keystone Sites 36 and

3/. The discu, ;ion is organized around three major research

issues: elucida ion of the systemic context ot the two sites,

ejaluatiOn Ot tie sites in relation to regional cultural

systematics, and development of site chronologies.

One major cot -ern is the use ot a regional systemic approach

in the interpretation ot the significance and functional role ot

i:lividual archeological sites and components. Of special

interest is tne identification of characteristics which can be

used to distinguish sites which have been produced by different

adaptive strategies. Expectations derived from models ot

difterentiai mobility are applied to Keystone Sites 3b and J.

A second area ot concern is the identification of conceptual

problems fostered by the use of traditional approaches of cultural

systematics. The temporal framework currently in use in the

Jornada area has been defined on the basis of characteristics

observed on the most visible sites. It is difficult to interpret

low visibility sites like Site J1 within this framework. An

examination of the relationship of such lithic scatters to the

other components of an overall adaptive strategy is important tor

interpreting the remains recorded at Site 37.

improved cnronological control is a third goal ror tie

present program of research, and the results contribute to two

main areas ot research. Dating is required to establish at Least

some degree of site contemporaneity if we are to consider
Settlement patterns produced by a given adaptive strategy. Also,

better temporal control is necessary in order to test the

traditional phase assignments made on the basis or relative dating

of "diagnostic" artitacts.

In the latter part of the chapter these concerns icc

translated into a series of general research topics presented in
the form of problem domnains identified at tnc outset of til,

project. it is within these domains that the analyses of specitic

research problems proceed. The topics are outiined with regard r.,)

their relevance to existing interpretations of the local
arcoeotogical record and to the issues raised by prcvious KevsL,)1o,

Dan investigations.
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Theoretical Perspective

Systemic Context of Sites

Archeological sites cannot be fully understood as individual
entities. They are often more usefully conceived of as inter-
related parts or components of settlement systems. A settlement

system refers to the functional relationships among the various
occupational loci utilized in the context of an adaptive strategy

(Winters 19b9:l1U-1i). A basic assumption is that the physical
environment is structured, or contains patterned variation. It is

argued (Raab 1977; Vayda and Rappaport 19b8) that cultural
behavior constitutes a rational attempt to adapt to the structure

of the environmental context. This being the case, it is expected
that the patterning of material remains should reflect a popula-
tion's attempt to interact with its physical and social
surroundings. Thus, a settlement pattern is seen to represent the
ways in which a population is deployed in order to exploit the
environment (Struever i968). The goal in attempting to understand

the physical remains at any given site is to specify how they
relate to, and what information they provide about, the overall

settlement pattern and the strategy which produced it.

Components are defined as the archeological manifestations
of constituent elements of temporally distinct settlement systems.
A single component site is taken to reflect one element of a given

adaptive strategy, but a reoccupied site may contain components
from two or more distinct strategies. In such a case the site is

a compound entity, combining material remains from more than one
type of utilization of that site location. The functional

significance of the different components could potentially be
quite variable; one's ability to assign functional meaning to

multicomponent sites will likely rely on the extent to which
successive components are functionally redundant (Binford 1982).

Niche partitioning is a common aspect of human adaptations.
Different portions of the environment are viewed as being useful
for the exploitation of different resources. Assuming that
individual components are located to tacilitate the recovery of
different kinds of resources, characteristics of the site
locations and artifact assemblages should ideally reflect their
function or role within the adaptive strategy (Binford 1960).

ReIatively permanent sites, such as villages or seasonal

base camps, can be expected to contain evidence of a wide variety
of behavior such as food production, processing and storage, the

manutacture of stone tools, and site maintenance. The resultant
heterogeneous assemblages are due both to the length ot occupation

and the diverse makeup of the residential groups (Binford 1982).
In some kinds of strategies, limited activity sites can also be
anticipated. Limited activity sites are considered to be the

result of relativety snort-term occupations by task groups or

25
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specialized segments of the local group. They are expected to

exhibit a narrower range of artifacts reflecting an orientation
toward specific extractive tasks. It is this kind of reasoning
which leads O'Laughlin (1980) to interpret the Archaic component
at Site 33 as a base camp but the Mesilia phase component as a

specialized plant processing camp. In theory then, it should be
possible to identity the systemic context of Sites Jb and 37 by

comparing their contents with each other and with other sites in
tne region. These comparisons will focus on details of the

features recorded and the technological characteristics of the

lithic artifact assemblages, as outlined below.

Most models of settlement patterns attributed to mobile

adaptive strategies in the Southwest explicitly require or imply

the existence of limited activity sites (Biella and Chapman 1980).
Limited activity sites are also commonly assumed to be produced as
parts of sedentary, village-based settlement systems due to the
logistic nature of mobility reported in the ethnographic
literature (e.g., Hack 1942; Ellis 1974). It is expected that
most limited activity sites would be represented archeologicalily

as litnic and ceramic scatters. However, a variety of potential
site types could produce similar surface remains, in some cases,
lithic and ceramic scatters might be pithouse villages lacking

structural remains visible on the surface. in other cases, such a
site may be a short-term residence where brush shelters were
constructed which are not now identifiable. In addition, lithic

and ceramic scatters can also represent the activities of a task
group at a limited activity site, or the combined results of

multiple occupations by a number of task groups. A major problem
exists with the ability of archeologists to distinguish between
lithic scatters representing limited activity sites auxiliary to
sedentary residential bases and those representing short-term

residences produced within a pattern of greater mobility.

Bintord (196U) makes the useful distinction between two

different kinds of mobility which can be identified among human
groups: logistical mobility and residential mobility. Logistical

mobility refers to the degree to which groups utilize short-term
hunting and gathering trips beyond the foraging range of a

residential base camp or village. Sites occurring in the

logistical zone would be produced by task groups and would consist
of those archeological loci known as limited activity sites.
Residential mobility reters to the periodic movement of base

camps, a pattern which, in this region, would most likeLy have
strong seasonal correlates. Binford predicts that logistical camp

sites will have functionally homogeneous artifact assemblages,
wnile residential sites occupied by mobile hunter-gatherers will
contain heterogeneous assemblages. Building upon Binford's
models, Most and Hantnan k19L) identity four aspects ot lithic

technology which may be usetul in distinguishing limited activity
sites from mobite residences. These characteristics relate to

artifact size, raw material variability, intensity of tool use and
the diversity of tunctLo0TIA artitact classes represented in the
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lithic assemblage.

Most and Hantman (1982:11) suggest that artifact size may be
a useful measure of the amount of energy invested in tool
manufacture and maintenance. Tools which are part of a curated

technology (Binford 1979) utilized by mobile groups will be
smaller than the tools of logistical groups which are used

expediently and discarded within that context. Tool size could be
indicative of transportation costs associated with high mobility

and/or the amount of maintenance or retouching applied to a tool
before discard.

Another attribute which can be expected to exhibit

variability among adaptive strategies is patterning in lithic raw

material use. Various researchers have reported the preference
for high quality litnic raw materials reflected in Paleoindian and
Archaic assemblages (Thompson 1979; Gomolak 1980; Goodyear 19b0;
Laumbach 1980; Carmichael 1983a). To some extent, this preference
can be viewed as having been influenced by technological

constraints operating within a curated biface production
technology. That is, the potentially high costs of obtaining
higher quality raw material would be offset by the curation and
maintenance of bifacial tools. However, the recovery of
Paleoindian and Archaic bifaces made of average-to-low quality
local cherts (Carmichael 198ja) suggests that materials in this

region placed few serious technological constraints on tool
manufacture. A major portion of the diversity in a given iithic

assemblage may simply reflect the degree of naturally occurring
variability within the normal range of mobility for a given group.

[n any case, lithic raw material diversity should be higher on

sites produced by mobile populations.

A third attribute suggested by Most and Hantman (1982:12) is

the intensity of tool use, as measured by the number ot utilized

edges. More completely utilized tools should measure curation and
mobility in the same way as tool size. More expedient behavior is

expected to produce low intensity of tool use indicative of
logistic groups. The low level of use of tormal tools on such

sites could also be expected to complement a high proportion of

utilized flakes (informal expedient tools).

Finally, one can expect the density and diversity of
artifacts to differ between sites produced by different mobility
strategies. At sites which were occupied tor a short period of
time (logistical campsites) artitact density is expected to be
low, even if they were repeatedly occupied. Since these sites are
LAhe loci of a restricted set of activities, artitact diversity is

aso low (Binford 1980). At hunter-gatherer base camps, a more
diverse set of activities is invoived, refLecLing a more complete %
range of socioeconomic roles carried out a that location. Such
sites are expected to yield a greaLer varL.ty ot arLi tact types

and a greater density of cultural debris.
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It is not clear that all of the above expectations would
necessarily be applicable to situations like that in the Keystone
Dam area. Most and dantman k1982) direct their efforts at
distinguishing between limited activity sites in a system with low
residential mobility and residential sites in a system witt high
residential mobility. Sites resulting from the activities of a
task group within a residentially mobile system may well be
similar to limited activity sites in general. For example, in
areas of abundant and varied lithic raw materials, such as the
ridges surrounding Keystone Sites 3b and 37, one might expect

evidence for expedient use of the local grave' s on limited
activity sites in the context of either residential or logistic
mobility. However, the analysis of features and artifacts at the
two sites suggests that they may not both fall into this category,
and it is possible to characterize them in terms of logistical
expectations. The specific hypotheses used in the analysis ot
site function and context are enumerated below as part of the
problem domains.

Cultural Systematics

By most standards, the archeology of the Southwest is well
known. As in other parts of the Southwest, the phase system
developed by Gladwin and Gladwin (1934) provides the basic spatial
and temporal framework for research in the Jornada area. As Plog
notes, (1983:290, 311) phase frameworks assume a homogeneity ot

material culture for an area at a given time period. That is, all
the archeological sites in a given region are assumed to be
relatable to the overail developmental trajectory defined by the
sequence of phases.

Most often the material patterns used to define phases are
based on the characteristics of the larger (i.e., more visible,
earliest described) sites in a region. It can be difficult to
interpret lithic and ceramic scatters in the context of such a
framework since they usually lack, for functional reasons, the key
attributes (e.g., architecture, extensive ceramic assemblages)
used to assign them to phases. As a result, archeologists are
very likely under-representing the range of variability within
adaptive strategies by assigning potentially contemporary sites to
different phases on the basis of formal attributes. Moreover, in
many parts of the Soutnwest the majority of known prehistoric

sites can not be assigned to any phase due to lack of the
appropriate formal characteristics. The Jornada area is a case
example of precisely this situation.

A furtoer assumption of phase sequences is chat directional

cuiture change is shared by all inhabitants of a region. For
exanple, the pithouse to pueblo transition in tne Southwest has
traditionally been viewed as a one-way process. It is assumed
that once sedentary strategies develop in an area, instances ot

28



recurring or cooccurring mobility strategies are precluded. It
has been difficult to test this assumption since the traditional
emphasis on cultural pnases serves to direct attention away from
the many "unidentifiable" lithic and ceramic scatters. Yet these
relatively low visibility sites are precisely the ones which can

provide evidence for the existence of mobile strategies not
adequately expressed in the phase system (Cordell et al. 196J:9).

Some recent models of cultural succession explicitly
recognize the potential tor the representation or alternative

adaptive strategies in the archeologica. record (Adams 1980;
Stuart and Gautnier 196l1). Both models identity dichotomous
evolutionary modes, or adaptive strategies, as having contributed
variability to the archeological record: resilient strategies and

stable strategies (Stuart and Gauthier refer to these as
efficiency and power drives). Cultural succession is viewed as a

product of the interaction between the resilient and stable poses

of adaptive strategies.

Stable strategies are characterized by increasing rates of
population growth, high levels of overall productivity and high -'

rates of energy expenditure (Stuart and Gauthier 1981:1U). Growth

in these areas is supported by intensification within the
subsistence strategy. In contrast, resilient strategies exnibit
decreased rates of population growth, production or energy
expenditure. They retlect extensive adaptations which tend toward

the maintenance of homeostasis. As Upham (1984) has noted, this
dichotomy is probably overly simplistic except as a heuristic
device. Most cultural systems may be viewed as failing somewhere
along a continuum between the two extremes.

The characteristics of stable and resilient strategies can
contribute to archeological variability in at least two ways.

First, individual systems have the potential to oscillate between
stable and resilient modes depending on the circumstances at hand.
Intermittent periods of growth, or disequalibria, can be balanced
by intervening periods of resiliency. A pattern of population
aggregation followed by dispersal in the San Juan Basin is one
example proposed as evidence of such cycles (Cordell and Plog

1979). Second, one must allow for the possibility that stable and
resilient strategies could coexist at any time after the advent ot

intensive sedentary adaptations (Wimberly 1979; Cordell et al.
196i); Plog 1964).

It must be emptiasized that different adaptive strategies are
not to be equated with ethnicity. Reference to a particular
strategy reters explicitly to the identification of certain

characteristics of population size, distribution, mobiLity, etc.;
aL tiliS levei, no correlation with specitic ethnic ki.e.,
cultural) groups is implied. Archeological evidence for the %

existence ot difterent strategies at a given time mghLt be
produced in several ways. It is certainly possible that distinct
strategies might reflect the behavior of different ethnic groups.
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However, it is not yet clear that archeological materials are

capable of measuring ethnicity, except perhaps during proto-

historic or historic periods, in Light of this problem, at least
two other possibilities are eq,,ily plausible. Multiple adaptive

strategies could represent the activities or different segments

(e.g., upland/lowland) of the same population. Short-term

fluctuations in land use practices by a single population over

time might also produce evidence for a variety of strategies

which, given current chronological limitations, might appear to be
roughly contemporaneous in the archeological record.

Sites used to define a phase sequence will represent the r.

remains of a stable strategy while the others (perhaps the
majority) could be the byproducts of several strategies.

Archeologists have typically directed their efforts at the

definition of stable cultural patterns (i.e., phase sequences) as
if they were the only strategy operating in a given area (Plog
198,4). In cases where both stable and resilient strategies are

present (either serially or coexisting) the more visible remains *4

of the stable pattern will Likely be identified as the

characteristic pattern for the region and the resilient strategy

may go unrecognized. Such a situation is suggested by the Apache

occupation of southern New Mexico and West Texas. Although the

Apache use of the study area is very well documented in

ethnographic and historical records, they remain, by definition, -,

virtually invisible archeologicalIy. Their small, highly mobile

groups can be expected to have produced lithic and ceramic
scatters which have been assigned to the Archaic, interpreted as

Formative limited activity camps, or added to the growing corpus
or "unidentifiable" sites in the Jornada area. Similar problems

probably exist in tile treatment of prehistoric remains as well.

The Jornada area provides a prime example of a phase

sequence which defines a stable pattern that is not directly
reflected in the majority of archeological sites. Most
researchers have identified fewer tnan 15/ of their sites as loci
of permanent habitations (BecKes 197/; Hester 1977; Moore and

Bailey 1980; Taylor and Brethauer 1980; Harkey 1981; Laumbach
1962; Duran 1982; tliLley et al. 1962; Carmichael 1983a; Upham
1984; cf. LeBlanc and Whalen 1980). In addition, 60% or more of
the sites recorded lack the diagnostic artifacts necessary to
assign a cultural affiliation. The majority of sites are lithic
or ceramic scatters best interpreted as short-term camps referable

to one of several potential adaptive strategies. In the Jornada
area at Least, the data appear to indicate that settlement in

sedentary villages was not characteristic of adaptive strategies
in general. Either viliage-based strategies were much more

variable than is normally assumed, or -ie archeological record is
the result of a variety of strategies.

The idea that Limited activity sites are part of sedentary
settlement systems is based on Qtnnographic studies ot the modern

Pueblos. Many kinds of Limited activity sites have been reported

%1"

5.5 e %

KWLV_-VL- L-VLS6 L



in the ethnographic literature (hunting stands, gathering camps,
quarries, fieldhouses, etc.). While some archeological sites
appear to correspond to recognizabie ethnographic site types
(Wilcox 1978), others do not. Lithic and/or ceramic scatters
could be produced by a number of different activities as discussed
above: logistic camps ancillary to sedentary residences, logistic
camps related to mobile residences, or base camps in a strategy of
high residential mobility. The potential for strategies with
high residential mobility to occur both prior to and
contemporaneously with strategies of low residential mobility
means that improved chronological control is also needed to help
sort the multiple possibilities for the systemic contexts of site
fo rmation.

Site Chronology

As is the case with assigning cultural affiliation, the
determination of temporal placement is often based on normative
criteria. Sites are usually dated by reference to the
characteristics of "diagnostic" artifacts, a procedure which is
most likely to cause problems on low visibility sites like
Keystone 36 and 37. If sites like these contain brownware

P. ceramics they are traditionally assigned to one of the Formative
phases. If they are nonceramic and/or contain "Archaic style"
projectile points they are typically assigned to the Archaic.
-his procedure may be inevitable in the context of surface survey,
but data from excavations indicate that such assignments must be
considered tentative. Recent work by New Mexico State University
at Pen~a Blanca in the southern Organ Mountains illustrates the
difficulty (Steadman Upham, personal communication, 12/5/84).
Field crews recovered over 1U projectile points, most of which
were dart points which would generally be identified as Archaic.
However, radiocarbon dates from the site indicate an occupation
between A.D. IIUO-1400 (see Appendix IIl D). In light of these
results, an attempt has been made to maximize the recovery of
radiocarbon and obsidian samples which can be used for
cnronometric dating. The results have been illuminating since the
dates for Site 37 are much later than was predicted through the
traditional interpretation of formal characteristics. The dating
procedures and results are detailed in Chapter 11.

Problem Domains

The general theoretical concerns expressed above can be
articulated as a group of primary research topics which are
addressed throughout the report. They follow directly from the
Lvaeoretical perspective, perceived problem areas in the
traditional interpretations of the local prehistoric sequence, and
from requirements of the RFP. The issues addressed can be grouped
within four problem domains: 1) chronology and site formation, 2)
subsistence strategies, 3) site function and 4) systemic context
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or the sites. The specific research problems addressed within
each domain are outlined below.

Chronology

It is ciear from the theoretical perspective adopted here

and from the previous work undertaken in the project area by
O'Laughiin (19U) and Fields and Girard (1963) that the
establishment of a more detailed chronology is of critical
importance. Chronological control will contribute to the analyses

or site context, or role within an adaptive strategy, in two major
ways to the analyses in two major ways. First, if one is to
consider a site as part of a system, it is necessary to establish
at least general contemporaneity among the various components of

that system. Also, in the event that the identified components
can be attributed to more than one adaptive strategy, improved

dating will be required to determine whether or not the different
strategies may have coexisted in time.

The second area in which chronometric dates are helpful is
in the identification of multiple components at a site. Reliance

on the use of relative dating techniques, such as projectile point
styles or ceramic types, can result in the assignment of an entire

assemblage to a single period when multiple occupations are in
tact present. Using obsidian hydration dates, Kauffman (1984) has

shown that a site in east El Paso contains significant Paleoindian
and Archaic components in spite of the fact that it was recorded

as a Mesilla phase site on the basis of surface artifacts. In
another case, a number of lithic scatters exhibiting
characteristics generally identified with Archaic sites (high raw
material diversity, preponderance of biface manufacturing debris,

etc.) have yielded hydration dates in the 12th through 14th
Centuries (Batcho 1984b).

Chronometric dating is used both to evaluate the temporal

and cultural placement of Sites 36 and 37 and to provide a
temporal dimension to the adaptive strategies of which they are a
part. This is accomplished through the dating of 15 radiocarbon
samples and the application of an improved technique or obsidian

hydration to 21 samples. The details and results of these
analyses are discussed in Chapter It.

Subsistence Behavior

The analysis of dietary patterns from botanical and

palynological data is an important endeavor both in the context of
testing various settlement models and in terms of the state of our

present knowledge of subsistence patterns generally. O'Laughlin
(1980) attributed a significant dietary role to the use of leat
succulents in the Keystone area. Fields and Girard (1983) were
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unable to contribute corroborating evidence for this view from -

Keystone 32 and the inferred function of fire-cracked rock

features requires further testing. Subsistence activities are

further examined herein through the use of standard techniques of
flotation and identi tication of macrotloral remains. Research
problems to be addressed include feature function, resource
potential of the site environs and seasonality of the floral

remains. The consideration of feature function is supplemented by p

soil chemistry analyses as discussed by Rice and Dobbins (1961).

o'Laughlin's and Fields and Girard's earlier work in the
Keystone area indicates that the recovery of suitable pollen

remains can be a problem. For this reason, an attempt has been

made to maximize pollen recovery through the application ot
extraction techniques developed recently for use in arid areas
(aiso see RFP:8). Such techniques rely on sieving, the use of

noncorrosive chemicals and the processing of relatively large soil

samples kWoosley 1976; Horowitz et al. 1951).

Due to the importance of insect-poilenated plants such as
the leaf succulents, in aboriginal diets, the potential for

recovering economically significant pollen is limited. However,
pollen spectra should contribute to an understanding of resource

potential in the Keystone area and prehistoric environments in
general. The results of all these analyses are reported in the

Appendices and discussed in Chapter 12.

Site Function

As reflected in the discussion above, one of the most

important questions which can be addressed with data from the
Keystone Sites is their function as it relates to a regional

adaptive strategy. The issue of site function is approached from
a variety of perspectives, including feature typology, iLitlic

analysis and the identification of technologically related
associations witnLn the assemblage, spatial analysis of features
and artifacts and considerations of the structure of site contents
as it relates to other types of sites. The basic thrust or all
these analyses is the interpretation of the relative permanence ot
the occupation ot the sites and definition or the range ot

nehaviors represented.

The abiliLy to identify archeologicai sites or components

produced by ditferent types of adaptive strategies is or special
interest. To this end, points from the general discussion of

theoretical perspective have been rephrased into a series ot

testable hypo tneses:

Hypothesis 1. Homogeneity of artifact assembLiges wilt be
inversely related to duration or occupation.
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Homogeneity witnin artifact assemblages is measured by the quan-
tity and diversity of artifact classes represented on the sites.
[ask groups responsible for the deposition at a limited activity
site are expected to discard fewer artifacts due to the shorter
duration ot the occupation, and fewer types of artifacts due to
the functional specialization of the site. Conversely,
residential Sites (e.g., villages, base camps) will be formed by
larger groups of people engaged in a wider range of activities
over a longer period of time. As a result, the sites should con-
tain higher densities of artifacts and a greater variety ot
artifact classes.

Hypothesis 2. Tne diversity of lithic raw materials will

vary directly with the duration of occupation.

Witnin any given time period, sites occupied for longer periods of
time are expected to contain a greater variety of lithic raw
materials. Bintord (1979) argues that lithic material procurement .

is an embedded strategy among some Eskimo groups. That is, lithic
raw materials are collected incidentally to other, more

logistically planned, procurement activities. This may in fact be
a general condition applicable to many human groups. Preliminary
observations from the Tularosa Basin provide some evidence for

embedded litnic procurement. The utilization of chert on a
variety of sites is generally focused on locally available
materials (Pigott and Dulaney 19/7; Laumbacn 1960; Carmichael
1983a; Eidenbach 1963). if this is the case, variability in raw
material will measure, at least in part, the relative mobility ot

the groups occupying a site. Mobile strategies involving curated
technologies should lead to a wide variety of source areas being
represented on a given site. The longer a site is occupied, the
greater the chance that task groups related to it will introduce

raw materials collected at diverse locations.

Hypothesis J. incensity of use of formal tools will vary
inversely with duration of occupation.

Curated tool assemblages should exhibit greater intensity of tool
use, as indicated by the total number of edges. Curated
assemblages should be more cnaracteristic of short term
occupations at logistic camps. Residential sites should contain
proportionately fewer formal tools with fewer utilized edges due
to the larger amounts of manufacturing debris produced at these
loci.

Hypothesis 4. Artitact size will vary inversely with thc
duration of occupation.
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Artiact sLze is tIken to be a measure of energy expended in tool

manutacture. Sites produced by mobile populations should be more
lIKeLy to conta in curated assemblages. Since curated tools arct

carried from place to piace and maintained for longer periods,
they shouid be smaller at the time of discard. Within a system

with low residential mobility, logistic sites should exhibit

smaller artitacts tihan those occurring at residences. However,

all site types in a higtily mobile strategy might contain smaller

tools than either of tre two above.

Hypothesis 5. The ratio of tools to debitage wili vary

inversely with the duration of occupation.

Although the absolute number of tools discarded at limited

activity sites is small, the relative frequency of tools can be
expected to be higher than for residential sites. In the Jornada

area this pattern has been documented in the Rio Grande Valley

ki'Laughlin 19/9) and the Three Rivers Drainage (Wimberly and

Rogers 19/7). The lower proportion of tools on residential sites

reflects the greater accumulation of unutilized debitage at those

loci where longer occupations are likely to involve tool

manufacture and maintenance.

Hypothesis b. The quantity and diversity of features on a

site will be directly related to the
length of occupation.

Sites which are occupied for longer periods of time will contain

more features and a greater variety of features. This is due to

the potential for a greater variety of functional tasks to be
carried out at residential sites, the potential for communal

processing features in the context of a larger social group, and

the greater liKelihood of investment in storage and habitation

facilities on residential sites. The presence of features such as

storage pits, houses, or formalized patterns ot trash deposits

could be expected to indicate a residential base of some sort.

Short-term camps should contain few features and they can be

expected to be functionally redundant.

Hypothesis I. The degree to which intrasite patterning is

observable will vary directly with duration
or occupation.

Patterned use of space is potentially observable on any site but

the reoccupition of a site over time should Lend to obscure intra-

site patterns. [n addition, extremely small sites could lack
dIt inarvie patterns when tew artitacts or teatures are present. We "r

would expect patterns in the distribution ot feature types to

occur in the cuontext of a Longer occupation unless extremeLy

redundant reoccupation was conditioned by the functional stability

3) !p



of the location (Sinford 1982:19).

Some examples are provided by Fort Bliss survey data from

the southern Tularosa Basin. Site FB-1525 is a large site of

about 11 ha containing primarily small hearths and scattered

lithics. Intrasite artifact and feature distributions are very

homogeneous, with the locations ot hearths not apparently condi-

tioned by one another. Based on the variety of projectile points '

identified, the site was reoccupied from late Paleoindian times to

the El Paso phase. The site is not a single component settlement

but rather a series of small limited activity sites located in the
same general vicinity (Carmichael 1983a:214). In contrast, FB-

1)b/ is an Archaic site at which there is evidence tor intrasite

activity patterning. Lithic concentrations are confined primarily

to the west edge of the site and a group of large fire-cracked

rocK features are situated at the east edge. This site is more

liKely the result of activity organization within a base camp than

is FB-1525 (Carmichael 1983a:253, unpublished field notes). As

noted below, the distributional pattern at the latter site is

similar to that recorded for Site 37. Investigations of the

palterns expected to accompany such organization will proceed

through the testing of the hypotheses listed above. The results

of these analyses are discussed in Chapters 8, 9, 10 and It.

In addition to the analysis of the artifactual content of

the site, the interpretation of site function is aided by the

investigation of feature function. Fire-cracked rock features

have been divided into two groups on the basis of a cluster

analysis of size and further subdivisions have been noted which

appear to have functional significance (Chapter 1). The results

of botanical studies are applied to these groups in an attempt to

test O'Laughlin's (L980) interpretations of rock features at

Keystone 33. The spatial distribution of these features and tie

pit structures in relation to artifact densities and technological

clusters (Chapter 10) is also relevant to this problem domain.

Systemic Context and organization

'Tne interpretation ot the systemic relationships ot the

Keystone sites involves the synthesis of intormation on site

function and structure (trom analyses mentLoned above) with

considerations of social organization and regional settlement
patterns. The results of artitact and feature analysis support

interpretation that both Keystone j6 and 37 were short-term camps.
However, the differences between them suggest they were formed in

the context of somewhat different logistic strategies.

/ Comparisons between the sites are extended to other archeological
remains known trom surveys in the region. A discussion of
regional settlement patterns as they relate to the Keystone sites,setle en tt iat no i gttli

and the utility of catchment analysis in deining the
relatiouiships is presented in Chapter 1).
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CHAPTER 4

FIELD METHODOLOGY

by David Carmichael and Hiram Henry

Introduction

The methodology employed in data recovery at Keystone Sites
3b and 37 is responsive to several concerns called for in tne RFP
and required by the research design. The primary goals of the
data recovery procedures can be summarized as: the identification
of the range of features at the two sites, the identification of
variability within the artifact assemblages, recording the
distributional contexts of the features and artifacts,
maximization of the recovery of samples amenable to chronometric
dating, and maximization of the recovery of botanical remains.
This chapter contains a brief outline of the techniques used in
our investigations in response to these goals. They are consider-
ed roughly in order of their application in the field and their
relationships to problem-oriented data recovery requirements are
noted. The usefulness of these techniques is discussed in Chapter
b, along with a summary of the range of features and artifacts
recovered from each site.

.Surtace Mapping

The Army Corps provided basic locational information,
including maps of the sites as they appeared in the fall of 1980.
The site boundaries shown on these records were revised during ttbe
first stages of surface mapping. The site edges were intensively
walked and boundaries were markeq where artifact densities dropped
to zero for a distance of 20-JU meters. This approach yielded site
sizes of approximately 4,300 and ib,800 square meters for Sites 3b
and j7, respectively. The site boundaries and their relationships

to topography are shown in Figures 3 and 4.

One exception to this procedure occurred in the distinction
of Sites 35 and 3o. The boundaries at Site 36 are well defined on
three sides where topographic changes are marked. The site is
bounded by erosional cuts on the north and south and by the road-
cut for Interstate 10 on the west. To the east there appears to
be little justification for the distinction between Sites 35 and
Jb (Figure 2). There is a gap of some 15-20 meters between the
artitact scatters but tne area is one of loose dune sand and it
may well be that the scatters are continuous. Recent test
excavations at Site 35 support the view that the sites are part of
a continuous scatter kStuart 1984). The original boundary thus
retlects the ditticulties ot defining tne limits ot scatters in
active dunes.
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At SiL, 3/ uLic boundaries were extended slightly on the
northwest side and substantially on the east. The eastern

extension eakILos,. an eroded area wnch was apparently taken to

be the eastern edge during initial survey. However, the eroded
area is ringed by a scatter of lithic artifacts extending east

into a sLignt saddle where additional fire-cracked rock features

were recorued Figure 8). Artifacts and features within the

extension were recorded during surface mapping but because the

area lies beyond tne construction easement, no further

investigations were carried out in the eastern third of the site.
This will likeiv have no effect on subsequent analyses since even

the undisturbed areas in the eastern portion of the site contain
few artiracts or features. Ali maps and analyses deal with

materiaLs and features west of the Right-of-Way (ROW) boundary,

an area of about iU,5dU square meters, as shown in Figure 4.

Surface mapping involved the establishment of vertical
control, topographic contouring and the recording of artifact and

feature distributions. Datum points and grid lines were laid out
using a theodoLite with elevation control tied into nearby

benchmarks. The datum at Site 37 was tied into City of El Paso
monuments in the Coronado Hills Subdivision and Site 3b was

located by reference to existing Army Corps benchmarks on the

ridge east of the site. The results of topographic mapping are

presented in Figures 3 and 4.

In light of the reported low density and dispersed nature of

artifacts on the sites, it was determined that the most effective
method for mapping surface distributions was through recording

point proveniences. This was accomplished with the use of a
Sokkisha SDM3E laser transit which provides immediate readouts for

locational coordinates and elevation. All surface artifacts,
features and scattered fire-cracked rocks were recorded in this

manner. Field maps constructed with these locational data were
later taken to the Digital Image Processing Laboratory at NMSU

where the coordinates were digitized for the production of
computer maps. The resultant distribution maps were used to .4

facilitate the placement of judgemental excavation units. In

addition, the digitized data were transformed on the computer for

use in the locational analyses discussed in Chapter 10. Surface

artifact counts for Sites 3o and 37 were 269 and 823 respectively,

yielding densities (.07 and .08 per square meter) only slightly
higher than those reported during a previous survey of the sites

(O'Laughlin 1960).

.Magnetometer Survey

Foilowing the discovery of Archaic residentiaL structures at

Keystone Site 33, a major concern of all subsequent investigations P

in the area has but'n the identification ot additional subsurface

archeological features. In order to assist in the location of

teatures prior to the application of destructive excavation
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tecnniques, a magnetic reconnaissance survey was conducted at
Sites 36 and 37. In addition, the survey serves to assess the
utility of magnetometers in the type of site and topographic

setting represented by Sites 36 and 37.

Archeologists have been using magnetometers for subsurface
explorations with varying degrees of success since the late
195O's. Although many sites are not amenable to magnetic
surveying, some researchers have achieved very satisfactory
results in locating and identifying subsurface features. During

recent studies conducted by the Dolores Archeological Program in
southwestern Colorado, researchers were able to provide

archeologists with feature locations, probable feature types
(i.e., pit structures, fire hearths, etc.) and approximate depths
with a high degree of success (Huggins and Weymouth 1978, 1981;
Bennett and Weymouth 1982). Others have detected objects such as
bricks, tiles, pottery, fire pits, buried pathways, burials, and

iron artifacts (Breiner 19/3).

Magnetometers detect archeological features by measuring

local irregularities in the earth's magnetic field. The instru-
ments most commonly used for archeological applications are proton

precession magnetometers. The magnetometers utilize the free
precession of spinning protons of hydrogen atoms to measure
magnetic field strength by passing current through a coil immersed
in decane (a protein-rich hydrocarbon fluid). When current is

flowing the spinning protons align with the magnetic field created
by the coil. When the current is interrupted the protons realign

with the earth's magnetic field, causing them to precess, or
wobble about the earth's field. The precessing protons then
generate a small current in the coil which is proportional to the
strength of the magnetic field being measured. Small magnetic

variations, or anomalies, are measured in nano-Tesias, more
commonly referred to as gammas, with an accuracy of one gamma.

Measurable anomalies are caused by a variety of natural and
cultural factors. The degree of residual magnetism in soils and

rocks is a result of their composition. Materials susceptible to
magnetic alignment are mainly the iron compounds found in soils:

hematite, magnetite and maghemite. Under ideal conditions a
magnetic survey could potentially measure equal readings
throughout a given area. In reality a number of geologic and
anthropogenic processes provide mixing and variability in mineral
content which are reflected as magnetic anomalies. Anthropogenic
sources of anomalies can be assigned to three categories: thermal,
mechanical and chemical (Huggins and Weymouth 1981).

Thermal alteration of soils is the major source of

culturally produced magnetic variations. Minerals with lower
magnetic susceptfiility can be transformed into materials with

higher susceptibility through oxidation and reduction. Also,
thermoremanent magnetization can be produced by heating in soils

containing iron oxide. Thus, it is expectable that archeological
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features involving the heating of soils, such as campfires and
roasting pits, should have an effect on susceptible soils.

Mechanical disturbances in the natural residual magnetism
can also produce anomalies. Due to physical and organic processes
involved in pedogenesis, the upper strata of soils are generally
more magnetic than lower levels. When the upper strata are
displaced by the excavation of pits, graves, cultivation, etc.,
anomalies may result. Pithouses could be expected to produce
variations of this sort.

Cnemical processes occurring naturally in soils can act much
like heat alteration. Humic decomposition may produce reduction
and oxidation reactions which in turn convert materials With low
susceptibility into more magnetic materials.

Many, or most, (Breiner 1913) archeological site situations
are poorly suited to the application of magnetometer surveys. one
reason for this is that sandy soils exhibit low levels of
magnetic susceptibility and measurable contrasts are difficult to
identify. Uther unfavorable conditions include irregular surface
topography, the presence of igneous or metamorphic boulders, near
surface bedrock and proximity to modern iron in the form of trash,

A fences, pipes, structures, etc.

Variations in the earth's external magnetic field can also
significantly affect the values recorded during magnetometer
survey. These variations are the result of changes in the

* electrical currents radiating from the sun and by movements of the
earthl in relation to the currents. Diurnal variations occur as
the earth rotates, with magnetic field strength at any given
location decreasing throughout the morning, reaching a low at
noon, and increasing throughout the afternoon. Magnetic survey
readings can be corrected for diurnal variation by using two
magnetometers at the same time. one instrument is used as a base
station which automatically records fluctuations at one location
throughout the day. Readings taken from various locations within
the site are corrected by removing that part of the variability
attributable to fluctuations recorded at the base station.

Magnetic surveys were conducted at Sites 3b and 37 using two
EG&G Geometries Model G-85o proton precession magnetometers. Base
station locations were established just outside the boundaries of
each site and the same instrument was used for the base station
throughout the surve.r. Survey crews were made up of two or tnree
people with one responsible for placing the sensor on the proper
grid corner and the others involved in various recording
procedures. Magnetic readings were recorded at every point on a 2

* x 2 meter grid across the sites, at the average rate of three to
four readings per minute.

Two different gridding methods were used on the sites in
order to compare their effectiveness. At Site 37 readings were
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S,taKen at Iwo meter intervals within 4UU square meter k2Ux2u m)

blocks. This allowed the site to be divided into manageable
segments with convenient stopping points at the end of each day.

Site Jb is somewhat smaller and was completed in two days. It was

divided in half along the north-south baseline and readings were
taken along lines perpendicular to the baseline. Grids were
marked by stretching nonmetallic metric tapes across the area to

be surveyed. During the process of establishing the grids, the

sites were searched for metal objects that might adversely affect
the readings. Many items of modern trash were removed at this
point, ranging from tin cans and wire to stove and auto parts.

In an attempt to establish magnetic signatures for the types
of features known to occur at the sites, a number of test passes

were made over various exposed surface features (prehistoric and
modern hearths) and large rhyolite boulders. Passes were made in

several directions across the features in order to measure minimum
and maximum values and to differentiate magnetic readings produced

from induced and remnant magnetization (Breiner 1973).
UnfortunateLy, no variation could be attributed to those surface

features tested.

The G-8bb magnetometer has the capability to internally

store field data trom up to three days of survey work. At that
time the data were transferred into a computer file by dumping

them directly into a Hewlett-Packard Model 87 housed in the lab.

A software package developed by EG&G Geometrics, Inc. was used to

compare the data from the two instruments and printouts were
produced of magnetic readings corrected for diurnal fluctuations

in the earth's magnetic field. These readings were then used to

plot magnetic contour maps.

The record of anomalies on the sites was used to inform the

placement of excavation units. Judgemental 4x4 m excavation units
were placed over nine anomalies at Site Jb and over two at Site

37. Several additional discontinuities were tested by their
inclusion within randomly selected units or backhoe trenches. The

interpretation of the magnetic contour maps is discussed in

Chapter 6.

Excavations

Excavation activities were directed toward the recovery of

two primary types of information, the types of features
represented and the kinds of artifacts associated with tne

features. The identification and analysis of feature types

figured prominently in the inferences of site function drawn from

the previous Keystone Dam investigations. Given the importance

placed on the range of feature types on sites in the area, every

etfort was made to insure that within-site variability would be
adequately addressed by this study. Kystone Sites 36 and 37

were excavated using a variety of techniques in order to maximize
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the recovery of features and to recover artifacts presumed to be
spatially related to different classes of features. The
techniques used included hand excavations within judgemental and
randomly located units, backhoe trenching and mechanical scraping
of large areas of the sites. The application of these approaches
is detailed below and an ev-iluation of results is contained in
Cnapter 6.

All prehistoric surface features were excavated by hand by
circumscribing them within 4 by 4 meter grid units (Figures 5 and
6). The units were used to derine the features but did not
preclude the horizontal exposure of living space around and
between them. The units were shovel scraped in 10 cm arbitrary
levels within I by I meter squares and all soil thus collected was
passed through 6.5 MM (1/4 inch) screens. Soil and flotation
samples were collected from each level within and outside the
features. A total of 30 surface features were identified on the
two sites but five were modern and two were outside the ROW. The
excavation of the remaining 23 prehistoric features disclosed six
more.

Hand excavations were also undertaken in a series of 4 by 4
meter units comprising a five percent random sample of the site
areas. The excavation techniques were identical to those outlined
above for surface features. The random component to the researchI
design was intended to provide an unbiased sample of features and
artifacts whose characteristics and distributions might not be
reflected in the surface maps.

In order to select the random units a 4 by 4 meter grid was
superimposed on the baselines for each site to provide a sampling
frame. Numbering of the grid was initiated at a randomly chosen
unit and the units were numbered sequentially thereafter.
Excavation units were then selected from the sampling frame
(Without replacement) until samples of 16 and 22 units were
obtained for Sites J6 and j7 respectively. If a sampled unit fell
within an area already affected by surface feature excavations or
backhoe trenches, another unit was selected. An additional step
in this procedure was employed at Site 36 where the site area was
stratified prior to sampling. The site was stratified along the
4N grid line in response to the ditferential distribution of
magnetic anomalies recorded on the sate. The northern stratum
contains a great many anomalies while the southern stratum
produced very few (Figure 7). This assured us of obtaining a five
percent sample of tho area in which the magnetic survey indicated
a possibility of buried features. The sampled units are listed in
Table 2 and mapped in Figures 5 and b.

$ An additional five percent sample of 4 by 4 meter units was

chosen judgementally on each site in order to bring the sampledI

area up to to percent in addition to the surface feature
excavations. Judgemental units were generally located in areas or
high artifact densities adjacent to known features or were used to
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Table 2. Excavation units selected at KS-37

Sample Judgemental Random
Unit Unit Unit

123S20W 42N2W

2 12N28W V1N29W

3 2S21W 24S32E

416N18W l0S14W

5 22N58W 22N6W

6 46S3W 60s6E

7 45S8E 23N33W

8 7S40W 112S12W

9 38S18W 20N22E

10 56S6W 2N12W

11 WNE 5N34E

12 3N4E 42S2W

13 171433W 29N18E

1~4 15N53W 25N18E

15 LIS15E 10N44W

16 38S14E ~41N454W

17 18sl2E 2S12W

18 16N16E 46sl8E M

19 20N23E 12S38E

20 6S3W 101N38W

21 42N22W 421439W

22 24S46E 38S22W

VPs1
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investigate anomalies identified during the magnetometer survey.
Some units were also placed to provide systematic testing of gaps
in the coverage of random units. Excavation methods were the same
as those noted above. Sixteen and 22 judgemental units were
selected on Sites ib and 3/, respectively, as shown in Table 3 and

Figures 5 and b.

Further subsurface testing was accomplished through the

application of a systematic backhoe trenching procedure. As part
of the initiai mapping effort, 20 by 20 meter grids were surveyed

at both sites. The grid units were then used as a framework for
the systematic location of backhoe trenches across all parts of
tne sites. The first trench was oriented along the east-west
centerline of a 2U by 20 meter unit, and adjacent trenches were
oriented north-south, forming a checkerboard pattern across the
sites (Figures 3-6). Each trench was excavated into the carbonate
horizon and then cleaned and profiled in an attempt to identify
features.

In contrast to previous uses of trenching on the Keystone

Dam sites, backhoe testing was conceived of as a statistical
sampling device. As demonstrated by Rice and Plog (1963) ror the
Hohokam area, trenching can be an efficient method for locating
subsurface features and predicting total populations of such fea-
tures. Since a feature does not have to fall completely within a
trench in order to be discovered, a relatively small number of
trenches can provide a large Equivalent Sampled Area (Rice and
Piog 1983:12). In the case of Keystone 37, for example, the
excavated area of the backhoe trenches shown in Figure 6 amounts
to less than a four percent sample of the site area.

Nevertheless, due to the boundary effect in transect sampling, the
trenches each provide an Equivalent Sampled Area of 10.8 square

meters for features four meters in diameter.

Tne backhoe trenching procedure was very productive indeed,

initially exposing four pit structures at Site 37 (Features 29,
3J, 36 and 39) which were not discovered by the use of other

excavation techniques. Due to the fact that the trenches provided
a specifiable sample of the site, the tormulae presented by Rice
and Plog (1983:12) could be used to predict the probable existence
of additional structures. The Equivalent Sampled Area (ESA)

provided by the trenches is calculated using the formula:

ESA = .33 (Z W x TL) + (TL x TW)

where FW is the width of the ideal feature and TL is the trench
length and TW is the trench width. At Keystone 37 the ESA
produced by each of our initial trenches is 7U.8 square meters
for features approximating the size of the pit structures (about
four meters across). it is then possible to determine the sample
fraction of features of this size which have been identified:
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fa bIoc 3. Excavation unit3 ,jeleoted at K.S-36

:;AMPlIe Judigemental Random
Unit Unit Unit

1 20S16W 28N20W -

2 8S27W 36N24W

3 4N32W 40N16W

4 20N144W 8NOE

5 2S44W 4NQE

6 36N16W 44N20W

7 32N2E 20N4E

8 8S21 4E 211N24w

9 17N15E ON4W

10 1S26W 44s8E

11 2S16E 32S16E

12 42N26W 32S4W

13 12N22W 16SOE

14i 19N32W 24S4E

15 40OE 40S16E

16 36N32W 16S12E
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Sample Fraction = (ESA x N)

total site area

Using an equivalent total of 18 trenches and a site area ot 94U
squire meters, ttie sample traction for Site 3/ is 14/. Note thot

the site area used in the calculations here is smaller than the
totaL within tile ROW. The difference retIects the tact that
backhoe trenching was carried out within 20 by 20 meter grid
units. Several partiaL units occurred too close to the edge of
the highway cut to allow use of the backhoe and these areas were
subtracted tor the purposes of determining the sample fraction.
If the features are assumed to be distributed at the same density
recorded in the trenches, we can predict that the four structures
represent only about 1/7 of the total number on the site. Thus
it was estimated that the four pit structures originally recorded

-might indicate the presence of as many as 28 such features.

In light of these preliminary results and predictions, and
due to the fact that the site was expected to be destroyed by
construction, it was recommended that the original scope or work

be modified to allow for additional excavation. As a result of
consultation with the Army Corps and the Texas State Historical

Preservation Officer, a research plan was developed for a second
phase of trenching and hand excavations.

Phase II excavations were confined to an area of
approximately 160O square meters in the northwest portion of the

site, where lithic artifact densities were the highest and where
the pit structures were discovered (Figure b). The equivalent of
ten additional backhoe trenches were dug; nine ten-meter-long
trenches were excavated and two existing Phase I trenches were
extended. In order to maintain systematic coverage ot the site
area, tnese trenches were placed in order to half the distance

between the Phase I trenches. The trench walls were then surfaced
and profited.

Under the terms of the contract modification CKMD was
originally limited to the excavation of five pit structures or
their equivalent. After the discovery of some 20 possible

features, it was agreed that we could open up more ot them at our
own cost. Features 29, 39, 40, )0, 51 11nd )) were excuvated in
their entirety and Features 3 -, 45, 52, )4, 59 and )3 were
partia L Ly excavatcd. Tie reina tindr were der ned in protiie and
mapped in plan view. Thme tactors used in selecting features tor

KCmvitnm included evidence ot potentially datable cliarcoal ,

evidence for high densities of associated Lithic materials and

t-vidence tor sujc rpos i tin (see Chapter 6).

In an attempt to recover addi tional arti factna i materials

Issociated Wt ln st rutl reL.s , provisionis 1 4u1 itso , i n)O leu to incl [idt

halld eX ivatliol ) t A total of 8u square meters round selected

.t( ,LreS. "[hk- tAlSK Wt P ' rrLL'd OutL by lit. distrLm )ution of ten
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two-by-four meter units throughout the area ot Pnase Ii
investigations, each adjacent to one or more pit structures
(Figure 6). Data recovery procedures were identical to those used
in the Phase I hand excavation units.

The final excavation technique used at the Keystone Sites
was extensive mechanical stripping of the surface in order to
identiry any subsurface features missed by the otner methods. At
Site 36 this was done with a front end loader following completion
of Phase I excavations (Figure 5). Since no additional features
were identified at Site 36 no Phase 11 investigations were
implemented at that site. At Site 37, the sand dunes were removed
from the Phase II excavation area with the use of a bulldozer in
preparation for stripping. Gradual stripping of the surface down
to the carbonate horizon was accomplished with a front end loader
on the last day of fie.Ldwork. only two additional features were
recorded by this method, one fire-cracked rock feature (Feature
o9) and one pit structure excavated into the caliche (Feature 7U).
Both were mapped and sampled for botanical remains and the pit
structure was profiled.

Through the application of the above procedures many more
features were identified on Site 37 than had originally been
recorded or expected. Results of the investigations are
summarized in Chapter 6. An evaluation of the efficacy of the
various field techniques and a comparison of their relative
success in identifying subsurface features and artifacts is
included in that section.
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'rable 4. Summary of' areas excavated, by technique of'
excavation at Keystone Sites 36 and 37

Technique Site 36 Site 37

Surface feature
excavations 166 M2  359 m2

Random units 256 m2  352 m

Judgemnental units 25b M2  352 m2

Phase I trenches 230 m2  340 m2

Phase II trencnes --- 40 Mi2

Phase II judgemental
units --- 86 m2

Totals 908 M2  1529 m

Percentage of site area 21% 16%
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CHAPTER 5

ENVIRUNMENTAL CONTEXT

by M. Justin Wilkinson and David Carmichael

Geographical Setting

The study area lies within the Mexican Highlands section of

the Basin and Range province. It is characterized by narrow

mountain ranges oriented north-south and isolated by broad desert

basins (Kottlowski 1958:46; Hawley and Kottlowski 1969:89). The
mountains are largely upthrown normal fault blocks and the basins

are filled grabens, or downthrown fault blocks. The only major

through drainage in the region is the Rio Grande which occupies

the major graben system within which the study area is situated

(Chapin and Seager 19/5). The corresponding upthrown fault blocks

are locally manifested as the Franklin Mountains which parallel

the river valley only 4-5 km to the east (Figure 1). The sites

occur at the western edge of a series of colluvial surfaces

between the Franklin Mountains and the nearby Rio Grande. Along

the valley margin the colluvial surfaces have been eroded and

deflated, resulting in a complex series of rounded gravel ridges.

It is within such an area that Keystone Sites 36 and 37 are

located.

Beyond the river to the west lies the Mesilla Bolson, the

floor of which corresponds to the La Mesa surface. This extensive

level surface overlies lacustrine and riverine deposits of the

Camp Rice formation of the Santa Fe group. The upper levels of
these materials make up the prominent scarp which forms the

western valley margin about six km west of Keystone Dam.

Within a six km radius of Sites 3b and 37, a variety of

topographic settings are encountered, ranging from the Franklin
Mountains on the east to the Rio Grande and the La Mesa surface to

the west, as well as various transitional zones. O'Laughlin

(196U:14) has classified the local variability into six

environmental zones distinguished by topography, soils and
vegetation. The present study area lies at the extreme western

edge of the Lower Bajada zone (ibid.: 17) and our discussion

focuses on this setting. The reader is referred to O'Laughlin

(1980) for a more complete treatment of environmental

characteristics of the Keystone area as a whole.

The Lower Bajada contains the remnants of several colluvial

geomorphic surfaces of various ages. Due to the complex

depositional sequence and the proximity of the area to the

erosional setting at the valley margin, the western edge of the

zone exhibits a variety of inset and dissected surfaces. In most

places, extensive deflation has produced a gravel pavement which
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mantles the ridges. These gravel ridges support a sparse
vegetation dominated by creosotebush (Larrea tridentata), ocotillo
(Fourguieria splendens) and lechuguilla (Agave iecheguiiia).

Concentrations of Lechuguiiia are especially evident on south-
facing slopes. Other less promitent species include whitethorn

(Acacia constricta), yucca (Yucca bacatta) and a variety of cacti.

Tne western extremity of the gravel ridges often contains
pockets of recent aeolian sand, such as those within which Sites
Ib and 37 are located (Figure 2). Mesquite (Prosopis glandulosa),

soaptree yucca (Yucca elata) and creosotebush dominate these areas
and semistabilized dunes are often anchored around larger

individuals. Major arroyo drainages straddle both sites to the
north and south. Within these drainages the most common shrubs
are desert willow (Chilopsis linearis), mesquite and four-wing
saltbusn (Atriplex canescens). A variety of annuals are also

present in the arroyo bottoms. As O'Laughlin notes (1960:16), the
food resources of the Lower Bajada are poor in comparison to any
of the otner nearby zones.

Geomorphology

In this section we trace the landscape evolution at Sites 3b
and 37 from the late Middle Pleistocene onwards. This in turn
provides background for an understanding of the topographic

environment, lithic resources base, and edaphic substrate of the
sites.

The sites occupy most of the area of two, small interfluve

surfaces, each four ha in area, slightly convex in overall
morphology, but covered by low (0.5-1.0 m) "coppice dunes." The

coppice dunes are occupied by one or more yucca and creosotebush
plants, imparting a more prominent hummocky and vegetated

appearance to the distal interfluve surfaces overlooking the
eastern flank of tne Rio Grande floodplain than is evident furtner
from the river.

The interfiuves are stepped longitudinally such that gravel-

covered surfaces lie lJ-18 m above the Sites and immediately to
the east kFigure 7). Sites 3o and 37 lie 27-30 m above the

tloodplain (1135 m above sea level), bounded by steep-sided

arroyos, locally 1 m deep (Figure 8), which drain the western
slopes of the Franklin Mountains, flow west-southwest, and enter
the Rio Grande floodplain 0.5 km to the west of the Sites.

The 2-3 m thick sandy unit occupied by the sites, referred to
here intormally as the Keystone formation, contrasts strongly with

tie subangular to subrounded gravels of the immediately
surrounding surfaces which they overlie (Figure 6). Th is

topographic pattern is repeated for tens ot km nortnward (contra
HoLiiday 1963) along either side of Interstate 10 and cuts across
the distal ends of many low, flat-topped interfluves, all occupied
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by prominent yucca stands and coppice dunes.

Landscape Evolution 
-

The landscape or the Mesilia Bolson, the section of the Rio

Grande Valley between Las Cruces, New Mexico, and El Paso, Texas,

post-dates the mid-Pleistocene draining of Lake Cabeza de Vaca,

the floor of which is preserved in many places as the highest
surface within the Mesilia Solson. A remnant of this surtace,

termed the La Mesa surface by Kottlowski (1958) and Ruhe (1964)
in the El Paso and Las Cruces areas, comprises the highest

elevation gravels which abut the Franklin Mountains (Kottlowski ._
19J6) due east of the Site (at an altitude of 1322 m, or 190 m

above tne Rio Grande floodplain).

Suosequent evolution of the lower Mesilla Boison landscapes

was controlled by the progressive and apparently episodic

downcutting of the Rio Grande into the Bolson fills (Camp Rice "

Formation sediments) since the late Middle Pleistocene (Gile et

al. 1981). The Rio Grande created five major base leveis in the
process, towards which tributary drainages were successively
graded. The resulting erosional and constructional land forms

consist of a series of stepped surfaces. Several workers have

noted the valley-wide regularity of landscapes in the Las Cruces

area, patterns which undoubtedly extend into the El Paso area.

There is little doubt that Sites 3b and 37 occupy the third

highest Gold Hill surface which Kottlowski (1958) has argued is
the correlate of the Picacho surface identified around Las Cruces

(Dunham 1935; Ruhe 1964).

The Picacno/Gold Hill surface comprises the small "noseslope"

flats on the valleyward ends of the flat-topped ridges which

characterize the east slopes of the Rio Grande Valley. Along most

of their length, these ridges belong to the earlier Kern Place

complex of surfaces (Kottlowski 1958), which correlate with the

Tortugas surface in the Las Cruces area. Below the Picacho lies a

"lower terrace sequence" (Kottlowski 1958), equivalent to the Fort

Selden surfaces to the north. These occupy the lowest parts of

the arroyos and spill out onto the floodplain (Figures 7 and 8).

The Tortugas surface is aligned towards a Rio Grande base
Level "less than 1JO ft. (40 m) above the present floodplain"

(Gile et al. 1981, Table 9). It was a sloping, almost planar

feature until being incised to the Picacho base level both along

its valleyward margins and along the major arroyos which traverse
it. The resulting Picacho surface, aligned to a floodplain level ".7

about 20 m above the present one, was covered in part by
subsequent thin sandy deposits upon which Sites 3b and J/ now lie

and which is termed here the Keystone formation. The

unconsolidated nature of this formation explains why it has been

eroded back from the flanking arroyo scarps on the downhill sides
of present Picacrio surface remnants. However, runoff from th~e
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upslope Tortugas surface (and its scarp) explains the local

removal of Keystone formation deposits and the growth of incipient

arroyos at the bottom of the scarp (Figures 7 and 5). The small

size of the weak Keystone formation bodies, together with their

nigh infiltration capacity, have undoubtedly contributed to their

preservation as convex "knolls" by preventing the growth of

significant rills of highly erosive channeiized water flow. In

contrast, the cemented Picacho gravels are markedly incised. '.

The ubiquitous valleyward (i.e., western to southwestern)

slope of the Picacho surface remnants (and those of the Kern Hill

as well) nortn of Sites 3o and J/ indicated that these surfaces

are not terraces of the Rio Grande (contra Holliday 1963: Figures

14 and 15), but surfaces related to the "curvate" channel

geometries of tributary drainages entering from the Franklin
Mountains and their eastern slopes (Ruhe 19b7). Gile CL al.

(1981) indeed note that the morphostratigraphic equivalents of the

Picacho/Gold dill surface around Las Cruces can be traced up into

the arroyo valleys as terraces or straths of these tributary

drainages, aligned to a base level 2t m above the modern Rio

Grande floodplain.

The Keystone rormation was probably laid down on the Picacho

suctace prior to the late-Wisconsin kGile et al. 1981) phase of

tne Rio Grance incision. As a generalization for the central

Mesilia Bolson, Gile et al. (1961) place the age of soils of tne

Picacho/Gold li i surfaces in the bracket between 25 and 7)

thousand years ago. Since they envision the initiation of the

Picacno/Gold Hill iii1sion as 1)u-ijU thousanJ years ago, the

possibility exists of a significant hiatus (in regional terms)

between these events. The unconformity between the Keystone

formation and the underlying gravels may well reflect this break.

fhe unconformity is widespread, and also prominent, both strati-

grapnically and in its topographic expression (Figures 1 and 8).

It is thus realistic to speak in terms of two geomorphic

component surfaces within the altitudinal span of the Picacho

landscapes, (1) the present upper surface of the Sites, and 2) an

earlier sub-Keystone formation surtace (i.e., the unconformity).

Where these component surfaces are not exposed subaeriaity, they

continue to be modified up to the present, although classed as

surfaces of a certain age: the surface is buried in places by the

historic sand sheet and L.rodcd. in otlers by continuing lateral and

vertical arroyo cuttIng. It is argued later that the Keystone

formation is mainly a locally derived colluvium of predominantly
acolian sands. ine strtigrapny, thickness and topographic

position of this body suggest that it was deposited prior to the

late-Wisconsin incision ot the bounding arroyos, and comprised a

semicontLinuous colluvial sheet resting on the Picacho surface at

the foot of the Tortug.s scarp.

A discontinuous sheet of unconsolidated aeolian sand, 10-30

cm thick, now mantles this living surface. The sheet has been
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fashioned locally into coppice dunes up to 1.5 m high, with
associated bushy vegetation, especially yucca and creosotebush.
The sand sheet comprises the upper unit of the Keystone formation
and, although widespread, appears to characterize only the small
Picacho surface remnants along the southeastern side of the
Mesilla Bolson. Gile k1966) has argued that these dune sands were
iaid down between 1d5 and 1920 as a result of vegetation

destruction by heavy grazing and periodic droughts.

The vigor of recent geomorphic activity is attested by the
complete burial of a galvanized air-conditioning duct (Feature 24,
Site 37) approximately 60 cm beneath a coppice dune. The duct was
prooably discarded during the construction of the adjacent housing
subdivision in the 1940s.

Deflation of the coiluvial unit by wind has probaoly

continued to varying degrees since its deposition, and the process
continues today. Where the present brown-sand mantle is
discontinuous, a significant "lag" deposit composed of the pebbly
component of the colluvium has built up and includes artifactual

lithic debris.

The weak consistency of the Keystone formation sediments may

be responsible for the particularly strong plant growth at Sites
3b and 37 and on equivalent sandy units further north. Certainly
the bushy vegetation has helped fix blowing sand in the form of
stabilized coppice dunes, with which they now have a symbiotic

relationship.

Prehistoric populations occupied the surface of the coiiuvial

unit during the later Holocene. This better vegetated unit
appears to have provided a more hospitable microenvironment for

the building of pit structures and fire pits than the surrounding
steep, cobble-covered hiiislopes. Not only does the substrate

appear to have been more acceptable as a living surface, but
protection from prevailing westerly winds was undoubtedly afforded

both by the bushy vegetation and by the convex morphology of the
Keystone formation remnants. It can be predicted that the topo-
graphic and morphostratigraphic similarities of landscapes
stretching many kiiometers north of El Paso imply the existence of

archeological remains and relationships little different from

those of the Keystone Dam Sites.

Stratigraphy

The major stratigraphic units which are relevant to Sites Rt

and J7 are described and four issues are briefly discussed. (I)
Tne origin of the Tortugas gravels is examined as the major source

ot lithic raw material at Sites 36 and 37. (2) To explain the
lihologicaL difference of the gravel exposures on the Tortugas
and Picacho surfaces, various competing and as yet unresolved
sLratigraphic interpretations are presented. k3) Evidence for the
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colluvial origin of tne major (lower) limit of the Keystone
formation is evaluated, and (4) the origin of upper aeolian unit
sands is indicated. 4-

Tortugas Surface and Associated Gravels k.

The Tortugas surface is underlain at depth by "predominantly
sandy" fluvial facies of the Camp Rice Formation (upper unit of
the Santa Fe Group) (Gile et al. 1981), as seen in a pipeline
trench to the south of Site 37. These in turn are overlain by a
veneer of pebble to cobble grade, subangular to subrounded gravels
several meters thick. Gravel talus covers most arroyo banks so
that the lack of visible contacts makes it unclear whether the
gravels - the preferred source of lithic material for past
populations - are part of the Camp Rice Formation "piedinont-slope
facies" or whether they belong to inset units termed "older valley

alluvium" (Gile et al. 1981). The latter are locally derived
alluvial fan veneers ot post-La Mesa surface incision phases.

The former are preincision deposits, as much as 200 m thick (Gile
et al. 1981, Table 7) which underlie the La Mesa surface.
Topographically controlled pedogenetic horizons which parallel the
modern west-sloping Tortugas surface may give a false impression

of fan alluvium bedding sympathetic to the post-La Mesa incision
phases.

Tortugas surface gravels may thus derive from older Camp Rice

Formations sediments if the surface is mainly erosional, or they
may derive from areas drained by the modern arroyo system (in the
case of the "older valley alluvium") if the surface is construc-
tional. The distinction cannot yet be ascertained but may not be

important in terms of gravel lithology if drainage patterns of
modern and Camp Rice times are essentially similar.

Picacho Surface and Associated Gravels and Sands

In the area of Sites 36 and 37, the Picacho surface per se is
underlain by three major sediment types, a sandy gravel overlain
by a mainly colluvial unit, which in turn is capped by a
discontinuous dune sand veneer.

Picacho/Gold Hill Gravels.

Kottlowski (1956) has described the coarse gravels in the

immediate area (White Spur) as "subangular to subrounded pebbles
and cobbles in a matrix of coarse-grained sand." A lithologic
analysis of gravels in fact shows compositional differences
between those of the Tortugas surface and those ot the Picacho
surface (Table 5). The latter, which underlie Sites 36 and 37, A
proved to be richer in dolomite and rhyolite/volcanic clasts,
whereas those of Tortugas immediately upslope of the sites showed
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significant quartzite and chert components.

These lithologic distinctions between the gravels of the two
geomorphic surfaces were significant to prehistoric occupants of
the area. The lithologies presented in Table 5 refer to clasts of
a sufficient size to be usable as pebble cores (ca. 6-8 cm
minimum). The percentages reveal that Fillmore alluvia generally
contain little or no chert. Chert is present at several sample V
loci on botn the Tortugas and Picacho surfaces. However, the
Tortugas surface contains both chert and the highest percentage of
quartzite.

The significance of this composition is indicated by the
results of a recent archeological survey just to the east of the
present study area (Carmichael and Elsasser 1984). Within a 172
acre tract containing Tortugas, Picacho and Fillmore materials,
only two sites were recorded on the gravel surfaces. Both were
located on the Tortugas surface where chert and quartzite were
relatively abundant. The sites are interpreted as lithic
procurement stations since both were characterized by high
proportions of tested cores and expedient hammerstones. Such
sites were apparently located selectively at those spots where the
preterred ctiert resources were available in association witn
abundant quartzite cobbles for use as hammerstones.

As in the case of Tortugas materials, stratigraphic relation-
ships are obscured so that two explanations for the lithological
discontinuity are possible: (I) if the Picacho gravel is locally
a constructional feature related to the development of the Picacho
surface, then it comprises an inset unit. (2) However, if the
surface is erosional, as seems more likely geomorphically from the
apparent lack of a major contact in the vicinity, then the gravel
comprises one of the older gravels, viz. the Tortugas fan
material, or the Camp Rice piedmont-slope deposits, as mentioned
above. If the latter (erosional) preferred case is indeed true,
then a stratigraphic discontinuity within these other gravel units
is implied (dashed line, Figure 7) as an explanation of the
compositional differences. The texture, angularity, and lithology
of the gravels certainly indicate source areas nearby in the
Franklin Mountains to the east (as does the general westward slope
of the piedmont surfaces in relation to any younger gravel units).

KeysLone Formation

This formation comprises the substrate which underlies Sites
if and 37, as well as Sites 32, 35 and probably 29. Probable
morphostrattgraphic equivalents on Picacho surface correlatives
can be seen for at Least 20 km north of the Keystone Dam area. it
hs been noted that the uncontormity between the Keystone
formation and the underlying Picacno gravels probably represents a
significant time span, as the earlier ot two subdivisions ot the

*Picacho surface, It is also noted that the unconformity is topo-
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grdptiicaiLy prominent and that the formation itself comprises a

major, lower sandy unit, and a minor discontinuous aeolian mantle.

Decrital Sand Coiluvium - Unit I

At each site this unit comprises a tabular mass of sand and

pebbly sand three m thick which thins abruptly at the edges. The
fine earth component is predominantly a massive, consolidated,

uniformly pale to very pale brown (IOYR 6/3-8/3) fine sand showing
tair sorting, and a minor mode in the clay fraction (usually

10%). The pebble component is widely dispersed and mainly
detrital. Unit I hosts caliche horizons and archeological

remains. Its stratigrapnic relationship to other features within
the upper Keystone formation are indicated in Figure 9.

Minor lenses of bedded sandy gravel (pebble to cobble grade,
subrounded) occur within tle unit, usually less than 25 cm thick

and discontinuous, apparently never longer in section than 25 m.
These are loose to unconsolidated except where cemented in K-

fabric horizons. Two thin (2-5 cm) stringers of caliche-

impregnated (5YR 7/2) blocky clay were encountered.

Emplacement of this unit with the aid of water is indicated,
except for minor aeolian bedding at tie base of one trench.

However, textural peaks in the fine sand range are strongly
suggestive of world means for wind-sorted grains (e.g., KuKal

197U; Goudie 1981).

In this topographic setting, unit I appears to represent Most

closely the accumulation of aeolian sands by sheetflow as
colluvial deposits, appropriately along the break of slope at the

foot of the Tortugas scarp wherever it meets the Picacho surface.
The Keystone formation thus in major part probably constituted a

continuous sheet along the Picacho/Tortugas junction prior to

subsequent incision.

Examination of clast imbrication in the minor gravel lenses

of unit I, together with investigations of a modern cobbly slope
coliuvium in the vicinity of KeysLone Dam, support the

interpretation of unit I as a colluvial body.

A pebbLe count on a steep (3J degree) man-made slope in the

Gold Hill gravel showed two exaggerated discoid (platy and bladed)

ciast orientations: on rectilinear slopes the dip of discoid
clasts was downslope in the ratio 2:1; in the bedload material ot

rills on this slope where water movement was dominant over gravity

movement, true imbrication (i.e., upslope dip) was observed in the
riLio ot 1./: 1. (At points of maximum rock creep on the

rectilinear slope, convex lobes developed with upslope and cross-
siope cirl st dip outweighing downsLope dips).
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A similar though tess steep paleotopography is indicated in
the sectional exposure of one particular unit I gravel lens:
depositional environments varied from locally channelized flow
(paleochannels 20 cm wide, 4-7 cm deep, coarser clasts) with
expected imbrication (upstream discoid clast dip) to dominant

intervening thinner veneer of slightly finer clasts with opposite,
or downslope discoid clast dip.

These parallels strongly suggest that the gravel lens is
colluvial and that the nature of the depositional environment of
unit I as a whole is thus also colluvial. Its massive structure
and clear detrital component accords well with this
interpretation. Imbrication in fact shows pa±eochannel flow from
northeast and southeast, that is, from upslope rather than north
or northwest as might be expected if the Rio Grande deposited the

Keystone formation as proposed by Holliday (1983).

The subsidiary clay mode in unit I probably derives from

pedogenesis in the unit (see below). The minor gravel and clay
lenses within unit I are not incompatible with a colluvial

environment, since they relate to expected rill deposition at the
bottom of slopes.

Aeolian Sand - unit 2

This discontinuous veneer of pale brown (IOYR 6/3), fair to
well-sorted fine sand, 10-30 cm thick, is fashioned in places into
coppice dunes up to 1.5 m thick, semistabilized by dispersed

vegetation with a shrubby growth habit.

On the east side of the Rio Grande Valley, at the south end
of the Mesilla Bolson, the small Picacho/Gold Hill remnants are
the preferred locales for the accumulation of these aeolian
veneers and dunes. In terms of color and texture, they are very
similar to the underlying unit I colluvial sands. Gile et al.
(1961) argue that such similarities in the Las Cruces area are
good evidence that unit 2 sands have been derived from unit 1
sediments, a conclusion which probably holds true at Sites 36 and
3/.

Soils of the Keystone Formation

The 1971 low intensity soil survey of El Paso County assigned
the Picacho/Gold Hill surface (with surrounding lower surfaces and
arroyo beds down to the Rio Grande floodplain) to the Bluepoint

association, and the Tortugas/Kern Hill surface to the Delnorte-
CanutLo association (Jaco 1911).

This investigation allows a more detailed description of the

soils, one which reflects climatic, topographic, parent material
and age variables within the limited 4 ha areas of the Keystone
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formation remnants. Textural and carbonate analyses of 17 samples

obtained from the systematic backhoe trench excavations indicates
taree major soil types can be provisionally recognized.

In brief, the differences allow the identification of an
argillic horizon in the center of the sites because of the sandy
nature of the parent material. However, this horizon is truncated
by erosion around the periphery of tne Keystone formation

convexities. By contrast, calcic horizons are ubiquitous to the
margins of the formation.

It is therefore possible to identify Haplargid soils at least
1.25 m deep in the center of the sites and Calciorthid soils
around the peripheries. Such differences in the soil suborder as

a result of truncation are well-documented in the Desert Project
area (Gile et al. 1981). Color variation towards brown ([OYR 6.3)

and a hard consistency of the argillic horizon also characterize
the Haplargids in the central areas: Pedon 37-I is typical (Table
6).

Both Haplargids and Calciorthids are characterized by

significant carbonate accumulation generally 30-60 cm below the
surface. Calcic horizons vary from Stage I to Stage IlI
(definitions per Gile et al. 1981, and Table 20), typically with
numerous nodules and much amorphous carbonate. Lithologic changes

from unit I fine sands to occasional gravel lenses result in
sudden increases in K-fabric in the gravel, occasionally producing

thin (1-3 cm) laminar horizons (Pedon 3-2, Table 7).

Despite the high dolomite content in surrounding gravels,

percentages of carbonate in the soils are low (< 12%), so that the
unit 1 sands do not constitute high carbonate (> 15%) parent
materials. Considering also that unit I can be defined as a low
gravel sand (<2U% gravel), the calcic horizon is suggestive of

Late Pleistocene Calciorthids of the Picacho surface in the Desert
Project area, characterized by truncated argillic horizons.

The historic unit 2 sands of the Keystone formation cover
most of the surface of the formation, but the veneer is generally

less than 50 cm thick. The above mentioned soils are thus not
regarded as buried. No evidence was found for more deeply buried
soils either, although the backhoe trenches did not at any point
penetrate through the Keystone formation.

Loose, unit 2 laminated, well-sorted fine sands support
Torripsamment soils with occasional thin, slightly harder crusted
layers within. They typically contain very little carbonate and
are laced with plant roots. Stratigraphic relationships among

some features provide some evidence of local stability during the
deposition and development of unit 2 soils (see Features 1J-16,

18, Site 36, Figure 16). However, pedogenesis is so poorly
developed within these sands that the unit cannot be subdivided
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Table 6. Haplargid, Site KS-37, Peon 37-1

Ibrizon Depth Description

A 0-7 pebbly fine sandl, pale brown 2 (IOYR 6/3);
this and subsequent horizons structureless
and hard unless otherwise stated; sharp
smooth boundary; 6% clay, 0.7% CaCO 3 .
(Excludes discontinuous aeolian unit 2 fine
sands3, pale brown 10YR 6/3, av. 0-30 cm
thick)

B2t 8-17 slightly pebbly loamy fine sand, pale brown

(1OYR 6/3), diffuse wavy boundary; 13%
clay, 3.6% CaCO3

B2tca 18-25 pebbly loamy fine sand, gray (5YR 6/1),
gradual smooth boundary; 10% clay, 8% CaCO3

K2 26-33 pebbly loamy fine sand, light gray (5YR
6/1); numerous discrete carbonate nodules

(internodular sand 11% CaC03); gradual
broken boundary; 12% clay

K3 33-60+ pebbly loamy fine sand, light gray (5YR
6/1); local powdery amorphous carbonate

accumulations (11% CaC03), 12% clay

1 Designations after Soil Science Staff (1975) and
Gile et al. (1981); textures carbonate-free

2 Munsell colors dry
3 Overlying Keystone formation unit 2
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Table 7. Calciorthid, Site KS-37. Pedon 37-2

Horizon Depth Description
(cm)

A 1-12 fine sandl with dispersed pebbles, light
yellowish brown (IOYR 6/4)(wet); diffuse
boundary; this and subsequent horizons
structureless and hard; 5% clay, 3% CaC0 3 .
(Excludes discontinuous aeolian unit 2 fine
sands 3, pale brown 1OYR 6/3, av. 0-30 cm
thick)

B2t 12-25 fine sand with few pebble stringers, pale
brown (1OYR 6/32); diffuse boundary; 5%
clay, 7% CaCO3

B31ca 25-70 pebbly sand, pinkish gray (lOYR 7/2);
diffuse boundary

B32ca 70-120 pebbly sand, very pale brown (IOYR 8/3);
sharp boundary; 4% clay, 7% CaC0 3

2K2m 125-135 coarse sandy gravel (pebble to cobble

grade), weakly to strongly cemented, matrix
light gray, diffuse boundary

B2K3 135-160+ gravel as above with thin carbonate coating
on occasional clasts

1 Designations after Soil Science Staff (1975) and
Gile et al. (1981); textures carbonate-free

2 Munsell colors dry
3 Overlying Keystone formation unit 2

6
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into depositional strata. Although not always mixed, the loose

unit 2 sands containing archeological materials are part of a

single homogeneous level without microstratigraphic

characteristics which might allow subdivision of the assemblages.

Late Pleistocene Paleoenvironments

The Picacho surface appears to have been initiated during the

last Interglacial. Aeolian sands probably deflated from nearby

arroyos were then deposited on the Picacho and Tortugas surfaces,

implying a phase of greater aridity or windspeed than existed

before or after.

These sands were then reworked, mainly by sheetwash, into the

colluvial unit of the Keystone formation, which occupied the

Picacho surface and experienced pedogenesis probably from the Last

Glacial onward. The calcic horizons may indicate greater

rainfall, but the effects of topographic and parent material need

to be examined more closely before this possibility can be

accepted.

Somewhat later during the Last Glacial (25,OUU-10,UUO yr.

B.P.) regional incision resulted, perhaps partly induced as Gile
et al. (1981) and others have suggested, by climatic controls.

The Keystone formation and Picacho surface were correspondingly
segmented, giving rise to the present landscape. Blowing sand

during historic times caused the accumulation of a dunesand
veneer, probably as the result of a combination of climatic and

land use factors.

Stated differently, since no incursion of unit 2-type blown

sands occurred until historic times, it can be postulated by

negative inference that the prehistoric populations living on the

surface of unit I experienced landscapes stabler (grassier?) than

those of today. Such an inference is supported by pollen evidence

from previous Keystone Dam investigations (Horowitz et al. 1981).

Meso and Micro Environments Around the Sites

The Keystone Sites are located at points in the Rio Grande

Valley whicn are topographically the most varied. The

significance of topography lies in the fact that different geo-

morphic surfaces usually give rise to (i) different iithic

materials, (2) different soils, and hence (3) different vegetation

arid faunal associations which may determine the distribution and

variety of a whole range of crucial resources. Under certain

circumstances, topographically varied areas are thus likely to be

the most favored in terms of settlement.

Considering the Rio Grande Valley at mesoscale along a
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floodplain-mountain transect, the sites have access to five

different geomorphic surfaces with the radius of one km. These

are the modern floodplain and arroyos, the two related surfaces of

the lower terrace sequence (Fort Selden equivalents), the Picacho

complex (with two subsurfaces of very different type), and the

extensive Tortugas surface above this. These options appear to

have been exploited difterently from different sites. While a

strategic ecotonal location may have been important in the

placement of a long term village like Site 33, floral materials at

Sites 36 and 37 suggest a more specialized use of a narrow range

of resource zones.

The only other locale along the transect with similar

topographic richness is centered on the small La Mesa surface

remnants up against the mountain front. Here four landscape types
interfinger in close proximity, namely the La Mesa and Tortugas
surfaces, the modern arroyos, and the bedrock hilislopes in the

mountains.

At the microlevel, within the one km radius, topographies are

yet more varied (Table d). No more than a brief outline can be
presented here.

(a) The youngest surface is historic and occupied by the Rio

Grande floodplain with its accordant arroyos. Entisols of three
different textural types occur, each with associated vegetation.

Comparatively fine-grained floodplain soils used to be flooded
kJaco, 1971) and carry riverine vegetation. Gravelly soils of the

arroyo bed are heavily vegetated along convex midchannel bars, but

sparsely vegetated along the steep arroyo walls. O'Laughlin

(1960:17) enumerates typical arroyo species.

(b) The lower terrace sequence displays Entisols and better

developed soils as a result of the greater age of these two
surfaces. Periodic access to ground water probably gave rise to a

riverine association of trees and shrubs of what O'Laughlin k1980)
has termed the Riverine Zone.

(c) The Picacho surface, hosting Sites 3b and 31, is

characterized by a more open vegetation (Lower Bajada Zone of

U'Laughlin 198U) of ocotillo and creosotebush on the older gravels

and creosotebush, mesquite and soap-tree yucca on the younger

Keystone formation. The latter species are now closely associated

with unit 2 coppice dunes - probably of historic age - so that the

question arises as to the nature of preunit 2 vegetation types.

Some differences must have existed since unit I hosts soil types
kCalciorthids and Haplargids) different from those on unit 2 dune

sands (Torripsamments).

Even within the small area of the Keystone formation

remnants, there appears to have been a topographically determined
division of human activity: roasting pits are situated downwind

(i.e., generally to the east) and dweLling (pit) structures upwind
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Table 8. Landscape and soil types in relation to geomorphic surfaces
of various ages in the Keystone Dam area (Sites 36 & 37)
(modified from Gile et al. 1981)

Geomorphic Surface Topographic Position Soil order, great group Age (BP)

A. Recent Rio Grande floodplain Entisols (loams to historical

silty claysl)

Arroyo channels Entisols (sandy, historical
gravelly)

Arroyo wall slopes Entisols with coarse historical
talus

B. Lower terrace
sequence (Fort Selden
equivalents)
1. lower Valley border terrace Entisols, Camborthids, 100-7000

(Fillmore) Haplargids

2. upper Valley border terrace Entisols, Camborthids, early
(Leasburg) Haplargids, Calciorthids Holocene-

latest
Pleistocene

C. Gold Hill Valley border inter-
fluve flats

1. Keystone Haplargids, Calciorthids, late
formation Paleorthids, Paleargids Pleistocene
unit 1

2. Keystone (Local coppice dunes Torripsamment historical
formation and aeolian veneer)
unit 2

3. Surrounding Calciorthids, Paleorthids late
gravel Pleistocene
surface

4. Kern Hill/ Steep west-facing Calciorthids, Paleorthids mid-to late
, Gold Hill scarps Pleistocene

scarps Entisol on scarp talus recent

D. Kern Hill Major Rio Grande Calciorthids, Paleorthids mid-to late
valleyside inter- Pleistocene
fluves

1. Jaco, H.R., 1971
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(possibly to avoid smoke and tne fire danger ot blown coals?).
The roasting pits also lie in the lee of the convex Keystone
ormation surface protected from the prevailing winds.

The smoother surface and lesser coherence of the Keystone

formation sediments may explain the preference shown by past
populations for these surfaces as compared with the surrounding
harder and more irregular surfaces.

(d) The Tortugas surface and the scarp ascending to it, lie
as little as a few tens of meters distant. These supplied
preferred lithic raw materials. Since these slopes are older,
gravelly and dolomitic, they are characterized by petrocalcic
horizons suggestive of Paieorthid soils and sparser vegetation

than that of the Picacho surfaces, at least today. This analysis
suggests that the valleyward ends of the Rio Grande sideslopes may
indeed have acted as one of a few preferred topographic locales
tor settlement.

Post-Pleistocene Environment

Paleoclimatic sequences have been reconstructed for this

general region by a number of researchers, using a variety of
techniques. Changes which have occurred since the late
Pleistocene are of particular interest due to their potential
influence on the human adaptive strategies responsible for
producing tne Keystone Dam sites. Several seem to have accepted
the validity of Antevs' (1955) Altithermal model of climate change
for this region with little question. However, recent
paleoclimatic data support an alternative view that the
Altithermal in the Chihuahuan Desert was a moist period (Van
Devender and Spaulding 1979). Other data have been used to
suggest that multiple Holocene thermal Maxima occurred but
produced a variety of vegetation types (Davis 1984).

Martin (1963) argues that Altithermal erosion was due to
heavy runoff from intensified summer monsoonal rains. Three
separate pollen profiles dating to Altithermal times (Double
Adobe, Whitewater Draw and Murray Springs) document high
frequencies of grass, pine and sedge pollen. This suggests a wet
Altithermal with intensified summer rains favoring the spread of
grass. Due to increased runoff the presence of shallow ephemeral
ponds was likely as a source for the sedge pollen. Several pro-
files even suggest the local development of cienega communities.

The model of a wet Middle Holocene is supported by herpeto-

logical data from Howell's Ridge Cave in southwestern New Mexico.
Based on habitat preferences of observed species, VanDevender and
Worthington (1977) have determined that the nearby playa was
permanently wet until 4,000-5,000 years ago. This would indicate
that the Early Holocene (Anathermal) was moist as well. Mesic
grassy habitats are indicated by the presence of voles until the
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drying of the playa. These data accord well with extensive

studies of vegetation from fossil packrat nests. Through detailed

recording of plant remains preserved in dated packrat (Neotoma

sp.) nests, VanDevender and others have compiled a large body of
data bearing on Late Pleistocene and Holocene climates of southern

New Mexico (VanDevender 1977; VanDevender and Everitt 1977;
VanDevender, Freeman and Worthington 1978; VanDevender and

Spaulding 1979; VanDevender and Riskind 1979; VanDevender,

Spaulding and Phillips 1979; VanDevender and Tooiin 1983).

The packrat data for southern New Mexico and west Texas

coincide in most respects with Martin's model of a moist

Altithermal. The main point of departure concerns the Early

HoLocene. A moist Early Holocene is demonstrated by the

persistence of woodland until about 8,000 BP (VanDevender and

Spaulding 1979:206). By combining the interpretations of Martin,

VanDevender and others, a general paleoenvironmental sequence may

be suggested for this study area.

The late Wisconsin is represented in the El Paso area by the

presence of dense mesic forests. The remains of white pine, pinon

and fir are found as late as 11,500 BP in the lower elevations of

the Hueco, Sacramento and Guadalupe Mountains (VanDevender and

Riskind 1979; VanDevender, Spaulding and Phillips 1979). A winter

precipitation regime is indicated, characterized by mild winters

and cool summers.

The Early Holocene continued to be characterized by a winter

rainfall regime. It was, however, a transitional period

reflecting a lag in climatic response to glacial withdrawal in

northern latitudes. Xeric juniper woodlands are recorded the

region at least as low as 1,465 m elevation at Bishop Ca, in the

southern Organ Mountains. Grasslands were an important aspect of

the vegetation (VanDevender and Spaulding 1979; Harris 19//).

TIhe present climatic regimes were established in the Middle

Holocene (8,0UU-4,UUU 6P) with the reduction of winter rainfall

and intensification of the summer monsoon. In the Mojave and

Sonoran regions the change brought desert conditions. However, in

the Chihuahuan Desert the shift produced desert grassland. Also

noted is the first appearance of desertshrub species such as

creosotebush, acacia, mesquite, agave, sotol and ocotillo

XVanDevenaer and Riskind ;.977; VanDevender and Toolin 1983).

Widespread loss of well-developed soils due to wind erosion

is inferred for the period 4,0O0-5,000 BP. The timing of this

event correlates well with the drying of playa basins (VanDevender

and Wortilington 197/), decreasing effective precipitation

(Mehringer 1967; Martin 19b3) and with periods of erosion on Rio

Grande Valley border surfaces (Ruhe 1967; O'Laughlin 1980). These

regional changes probably favored the development of the

desertshrub/grassland which characterized the Late Holocene. This

is the most recent major vegetation change in the Southwest which
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was climatically induced (VanDevender and Spaulding 1979:709).

A series of relatively minor climatic fluctuations, which
would nevertheless be significant to human populations in the
region, are recorded throughout the Late Holocene. For example,

an increase in pine at lower mountain elevations is widely docu-
mented between 2,500 and 2,00U BP (Oidfield and Schoenwetter 197);
Bryant 1977; VanDevender, Betancourt and Wimberly n.d.). This
reflects an increase in moisture which is also recorded by the

presence of more mesic faunal elements in the Guadalupe Mountains
(Lundelius 1979) and in increased erosion in the Rio Grande Valley

(Ruhe 1967; O'Laughlin 1980).

Anotner summer rainfall peak at about A.D. 1100 is roughly

contemporaneous with Freeman's (1972) increase in grass pollen,
Bryson and Wendland's (1967) Neo-Atlantic grassland expansion and

Ruhe's (1967) erosion of alluvial materials.

Less widely documented changes are also recorded during the

Late Holocene. Some may represent locai variability while others,
such as the drought of A.D. 1276-1299, may have wider importance.
However, given the arguments discussed above, and Martin's
(1963:b8) recognition that tree rings of all species are not
indicative of summer rainfall, the correct interpretations of
recorded "droughts" are not necessarily clearcut.

Suffice it to note that the Late Holocene record includes a
series of fluctuations in local climate conditions. It is likely

that our ability to record such fluctuations is directly related
to the time period under consideration. Relatively minor changes,
like those documented for the last 4,000 years, probably occurred
throughout the Holocene but are not readily identified due to the
relative insensitivity or incompleteness of earlier records.
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CHAPT':R 6

SUMMARY AND EVALUATION OF FIELD INVESTIGATIONS

by

David Carmichael and Hiram Henry

Introduction

In this chapter a general summary of the results of tne field

investigations is presented. The various sampling strategies and
excavation techniques are compared in t---ms of their relative

success in identifying archeological features. Cultural resource

management concerns such as cost effectiveness and relative

destructiveness are addressed in an attempt to help inform future

investigations in the area.

The results of the magnetometer survey are presented and

recommendations are made for identifying environmental contexts
where the technique would be more useful than it has been in tne
present study. The chapter concludes with an evaluation of the
overall research design and a discussion of the problems

encountered during the course of the project. The observations to
be discussed should provide useful information for future

researchers and land managers in the region.

Feature and Artifact Recovery

Prior to detailed mapping and excavation, Keystone Sites 36
and 37 were recorded as superficial or shallow sites containing
low artifact densiLies and a total of no more than 20 features

(O'Laughlin 1980; RFP:74). On the surface at least, these two
sites were similar to large numbers of lithic and ceramic scatters

recorded on surveys throughout the Jornada area and it was
expected that characteristics identified during excavation might

be extrapolated to many surface sites which would never be

excavated. For this reason, a major concern expressed in tne

research design was that every reasonable attempt would be made to
identity the complete range of features and artifact types present

at the sites.

The task was carried out through the use of a variety of

techniques, as d !scribed in Chapter 4. The resulting
investigations iocluded judgemental components used in response to

observable distributional characteristics. In addition,

systelmatic and random techniques were used to insure against

overlooking subsurface cultural remains. The use of a combination

of investigative techniques proved to be quite effective and many

more features were identified than had been expected. The data on
feature identitication have at least two important implications

for future research in the region. First, archeologists must be
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willing to reassess traditional assumptions regarding the data

recovery potential of small unobtrusive sites. Second, some

investigative methods will be more expedient and cost effective

thlan otners in the investigation of such sites.

During the course of fieldwork at Keystone Sites 36 and 37, a

total of 83 features (77 prehistoric) were identified. This

figure is four times the expected number and the recovery of these

additional features, especially at Site 37, has added to the

previous understanding of the local archeoiogicai record.
Nineteen features were recorded at Site 36 and b4 were found at

Site 37. The features are listed in Tables 9 and 10,

respectively, according to the techniques with which they were

first identified.

The first task of excavations, as identified in the RFP, was

the investigation of all known features, i.e., those visible on

the surface. Surface features contributed heavily to the totals,

especially in the case of the larger fire-cracked rock

concentrations (see Chapter 7 for typology). All but two of the

large features were identifiable as such at the surface and one of

the exceptions (Site 37, Feature 2) was at least indicated by a

few disarticulated rocks on the surface. Excavation of surface

features also revealed seven buried features in their immediate -,

vicinity.

In addition to the site areas contained within the feature

excavations, a five percent sample of each site was selected
randomly for the purposes of identifying any distributional

patterns not reflected by surface remains. The random units .%
yielded only a single feature at Site 37. The low figure can

probably be attributed to two factors. First, the random units

were (by design) distributed throughout the site irrespective of

surface distributions. As a result, the units were usually not

associated with the clusters of features already identified.

Second, the random units were selected after excavation of the
judgemental units was already underway. The original random

samples included six units which had already been excavated. The

ten features contained in these units all contribute to the totals

for judgemental excavation. For the purposes of comparing

excavation techniques these ten features could be added to the

total for random units, but, strictly speaking, they were not

discovered by random excavation since they were visible at the

surface. It should be noted, however, that the randomly selected

excavation units pro.'ided unbiased estimates of sitewide artifact

densities and distributions which contributed greatly to the

analyses presented in Chapter 10.

The results of the systematic backhoe trench testing program

were perhaps the most unexpected. At Site 36 no features were

located in backhoe trenches but at Site 37, thirty-two (50/.) were

identified in this manner. Trenching exposed both small fire-
cracked rock features and pit structures. Most significant
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Table 9. Comparison of features identified
at Keystone 36, by investigative technique

SURFACE FEA. RANDOM JUDGF2MENTAL BACKHOE
EXCAVATIONS UNITS UNITS TRENCHING p

1 (MODERN) -- 13 %

2 (MODERN) 14

3 15

4 16

5 17

6 18

7 19

8

9

~-dN 10

11 (SUBSURF.)

12 (SUBSURF.)

COLUMN
TOTALS 12 (.63) 0 7 (.37) 0

GRAND TOTAL 19 (17 prehistoric)
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Table 10. Comparison of features identified at
Keystone 37, by investigative technique.

SURFACE FEA. RANDOM JUDGEMIENTAL PHASE I PHASE II MECHANICAL
EXCAVATION UNITS UNITS TRENCHES TRENCHES SCRAPING

1 36 23 25 40 69
2 (SUBSURF) 24 (MODERN) 27 41 70
3 26 28 42
4 (MODERN) 30 29 44
6 31 35 45
7 34 38 46
8 37 39 49
9 (MODERN) 66 43 50
10 (MODERN) 61 51
11 52
12 53
13 54
14 55
15 56
16 (SU BSURF) 57
17 (OFF ROW) 59
18 (SUBSURF) 60
19 (OFF ROW) 62
20 63
21 (SUBSURF) 64
22 (SUBSURF) 65

67
68

COLUMN 21 1 8 9 23 2
TOTALS (.33) (.02) (.12) (.14) (.36) (.03)

GRAND TOTAL 64 (58 Prehistoric features within ROW)
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however is the fact chat none of the pit structures were initially

identified using traditional hand excavation techniques. It
should be emphasized that backnoe trenching was not intended as a
final check of stratigraphy. Rather, it served as an integral
part of subsurface testing by adhering to established sampling
procedures (Rice and Plog 1983). It had originally been intended
chat trenching would be the first excavation activity undertaken.
However, movement of the machinery around the sites caused too
much damage to the surface so most other tasks had to be completed
first.

A key aspect in the success of the backhoe investigations was
the exposure of long continuous profiles. The availability of
extensive profiLe exposures was important for the distinguishing

pit structures from noncultural stratigraphic changes. The
Keystone J/ pit structures were generally shallow, contained no
evidence of burning and few artifacts and were consistently subtle
in their manifestation. As discussed in Chapter 8 the definition
of these features relied on differences in soil texture and
compaction. Slight soil color changes in profile walls provided
the first indication of the structures, but the subtle differences
were not visible until the trench sidewalls had dried thoroughly.
For example, in Trench 12, Feature 28 (a small hearth) was
discovered at the time the trench was dug but Feature 29 (the
first pit structure identified) was not visible until the trench
walls had dried for three days. Rice and Plog (1983:30) note
similar difficulties with the identification of Hohokam canals in
tcench walls. The importance of working from dried exposed
profiles is emphasized by the fact that three structures (Features
41, 56 and 70) were contacted from above by shovel scraping within
hand excavation units but were not identified without profiles.

In addition to enhancing subtle variations in soil colors and
textures, the use of backhoe trenches provided complete cross
sections of individual features. Thus the process of identifying

the pit structures was more rapid and reliable than would be
possible with coring or hand excavation. Finally, a number of
structures were most clearly indicated by slight depressions in
the upper surface of the carbonate horizon where it formed the
floor of the features. Extensive systematic backhoe trenching is
the most efficient technique for excavating a large number of
profiles to the depth needed to expose the carbonate horizon.
Alternative techniques such as augering, might have identified
changes in the carbonate horizon, but the availability of long
continuous profiles allowed us to distinguish between the
structures and noncultural disturbances such as root sockets and
krotovina.

As noted in Chapter 4, the use of backhoe trenching at
Keystone 3b and 37 followed procedures which have been well
developed and tested elsewhere in the Southwest (Rice and Plog
1983). Aside from the likelihood that the Site 37 pit structures
would not have been identitied using other excavation techniques,
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the two major advantages to backhoe trenching are its function as
a statistical sampling procedure and its cost effectiveness.

in Chapter 4 the backhoe trenches were treated as transect
sample units and using formulae presented by Rice and Plog
(1983:23) it was determined that the sample fraction for Site 37
was 14%. Since the 144 sample identified four pit structures
(Features 29, 35, 38 and 39) it was predicted that the site might

contain as many as 28 such features. This prediction provided the
impetus for additional excavation at the site and ultimately
proved to be reasonably accurate. A total of 25 possible pit
features were identified at the site. Only ib are confidently
identified as structures since not all the possible features were
excavated. Nevertheless, most of the remaining features closely
resemble the excavated structures and the prediction is seen as
fairly accurate and useful.

The cost effectiveness of backhoe trenching is also discussed
by Rice and Plog (1983:28). They report data from Arizona State
University which show the cost of mechanical backhoe trenching to
be approximately half that for hand excavation of trenches.
Furthermore, backhoe trenches were consistently dug twice as deep
as the hand excavation trenches. Clearly there are advantages to
the use of mechanical equipment, assuming the necessity to
excavate trenches. In the El Paso region, critics of the
archeological use of backhoes have not viewed the technique as
necessary and suggest the use of soil augers as an alternative.

The main criticism of the use of backhoes at archeological
sites is the relative lack of control and the resultant
destruction of larger portions of the features under
investigation. Several researchers in the El Paso area have used
systematic hand augering as a less destructive alternative to
trenching. Subsurface structures have been successfully located
in this manner at Keystone 3J (O'Laughlin 1980), Castner Range
(Hard 1983), Meyer Range (Scarborough 1984) and in the Hueco
Bolson (Whalen 19/1). Nevertheless, it can be argued that backhoe
trenching possesses two main advantages over augering which were
well demonstrated at Keystone 3b. These advantages are the
identification of low visibility features and cost effectiveness.

Soil auger testing programs are most successful in the
identification ot features containing burned materials. In all of
the cases cited above, buried structures were located or
identitied by the presence of ash or stained soil (see O'Laughlin
196U:139; Hard 1963:40; Whalen 1978). Thus, augering can be a
reliable technique for the identification of burned structures,
structures with hearths, trash middens and trash filled pits.
However, augering would not be a reliable way to locate the subtle
indications of unburned ephemeral structures like those at Site

37.
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The El Paso phase pithouse at Meyer Range on Fort Bliss
(Scarborough 1984) may provide an informative case example. At
that site, a deeply buried pithouse was initially identified in
auger test holes. However, the feature was originally identified
as a trash midden on the basis of the auger data. it was not
until the feature was excavated that it was found to be a trash-
filled pithouse (Scarborough, personal communication 8/64). in
other words, the auger technique was successful in identifying the
trash accumulation, not the pit structure within which it was
deposited.

This distinction is most important for sites like Keystone 37
where the pit structures were not defined by distinct
discontinuities in soil color. Other characteristics besides soil
color which might be indicative of structures include relative
artifact densities inside and outside the features. Even though
there are identifiable distinctions between interior and exterior
artifact densities (see Chapter 10), the absolute frequencies are
low enough that it would be difficult to identify a pattern in the
sam pies provided in a 6 inch auger hole. The identification of
the Site 37 structures was largely due to the careful
investigation of extensive profiles encompassing complete cross
sections of individual features. It is believed that auger data
would have been a less informative substitute for extensive
prof iles. Following ttie initial identification of the structures
at Site 37, it would have been a useful methodological exercise to
test the efficacy of both techniques side by side. We were
precluded from conducting such an experiment because of concerns
for the cost effectiveness of augering.

Using the backhoe trenches as transect samples, a 14% Sample
Fraction of the site was obtained in an expedient manner. The
alternative augering techniques are generally designed to sample
the corners of a grid (such as 2 x 2 meters) laid out across the
site. A 2 x 2 meter grid was employed at Site 37 for the
magnetometer survey. Magnetic readings were undertaken at every
grid corner, at the rate of one approximately every jO seconds.

-' At this rate it took the magnetometer crew six days to cover the
si te. Obviously, excavating an auger hole to the depth of .5 m or
more requires considerably more time than taking a magnetometer
reading. Estimating ten minutes per auger hole, one can project
an equivalent 49 crew days required to place auger holes over the
same 2 x 2 meter grid. Such a costly investment in simply
locating features is unrealistic in the context of most contract
research. In the case of this study, such an effort directed at
Site 31 alone would have amounted to more than half of the
original fieldwork scheduled for the entire project.

At Keystone 37 backhoe trenching proved to be a cost
effective approach to site-wide subsurface testing. Fur thlerm ore,
it was very productive in exposing pit structures which were
essentially not identified by any other means. The important
methodological implication is the possibility that other sites
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also contain similar features which have not been previously
recorded using hand excavation and augering. It is not suggested
that systematic backhoe trenching will always be the preferred
testing technique. Nevertheless, under some conditions and when
dealing with certain types of features, the technique will be
valuable addition to traditional methods. In order to identify
the fullest range of variability among features, researchers in

the El Paso area should be prepared to utilize systematic test
trenching as part of a muitifaceted excavation procedure.

Detailed data on the nature and distribution of the
artifactual assemblage were obtained through detai.ed surface
mapping and by hand excavation units distributed around and
between features. Surface mapping at Sites 36 and 37 recorded 289
and 823 artifacts respectively, yielding average densities of .07
and .06 artifacts per square meter. The surface assemblages
comprised only about 207. of the artifact total for each site and
the resultant totals of 11Z0 and 4643 artifacts provide a more
than adequate data base for the analyses discussed in Chapter 9.
The use of a variety of sampling strategies allowed us to maximize
artifact recovery by excavating judgemental units in high density
areas while still obtaining an unbiased estimate of site-wide
densities and distributions from the random units. The resultant
distributional data make up the basis for many of the analyses
presented in Chapter 10.

One area of potential systematic bias in the recovery of
artifacts is related to the use of 1/4 inch mesh screen in hand
excavations. Small tertiary flakes, such as those produced by the
final stages of tool manufacture or retouch, are often small
enough to pass through standard screens. If the proportions of
flake types are to be used to interpret on-site behavior, a
consistent bias in recovery could affect the results. In order to
control for this possibility we used the random excavation units
as a means ot obtaining screen loss samples. The heavy fraction
of flotation samples were analyzed for their debitage content.
The analysis is discussed fully in Chapter 9 but suffice it to
note that the results do not contradict the conclusions which were
drawn from the analysis of the rest of the assemblages.

Proton Magnetometer Survey

The magnetometer survey of Sites Jb and 31 was not as
successful as had been hoped; no prehistoric cultural features
were identified by this technique but some of the results are of
methodological interest. A variety of magnetic anomalies were
recorded on the two sites (Figures 10 and 1l) but all the ones

tested can be attributed to either geologic features or modern
deoris.
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KEYSTONE SITE 37
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Figure 11. Magnetic contour map of Site 37, including locations of excavation F
units used to test anomalies. The anomalv southwest of unit J-4 is , '

casdby a highway right-of-way marker.
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Magnetic anomalies produced by archeological features can

vary greatly in shape, size and magnitude. For comprehensive
discussions ot their interpretation 'he reader may refer to

Breiner (1973) and Aitken (1974). It should be mentioned here
that two main types of irregularities are identified. Monopole

anomalies are those with a single magnetic reading which is either
higher or lower than the surrounding field. Dipole anomalies

exhibit a pair of magnetic readings, one higher and one lower than
the surrounding field, in close proximity to one another.
Anthropogenic features generally produce dipolar changes. In this
study, the irregulariLies investigated by excavation were chosen

on tie basis of magnitude and the presence of dipole readings.
The testing results are summarized in Table 11 and the locations

of test units are shown on the magnetic contour maps.

All but two of the anomalies tested at both sites may be
explainable by reference to subsurface geological irregularities
or by the presence of buried metal fragments. One additional

strong monopole anomaly in the northwest portion of Site 37
(Figure 1i) was produced by a highway right-of-way benchmark.

None of the archeologica features at either site could be
discerued on the magnetic contour maps.

Pit structures at Site 37 were apparently backfilled with
the same type of soil into which they were excavated. Thus, the

magnetic susceptibility of the feature fill would be the same as
the surrounding soil and no anomaly would be produced. It is

unclear why the prehistoric hearths did not produce magnetic
contours. The sandy soils characteristic of the sites probably

did not contain enough iron-bearing materials to produce particle
orientation in the vicinity of heated features.

Even though the magnetometer survey was not successful in

locating preistoric features during this study, we can use the

negative results to suggest more promising settings for future
analyses. As already noted, the soil composition is probably an
important tactor in the formation of anomalies, and very sandy N
soils can be expected to have minimal magnetic susceptibility.
Since most of the soils in the El Paso area are sandy, large areas
of the landscape can be expected to be rather unproductive tor

magnetic: survey. Areas with better potential will be those
containing clayey soils such as the Rio Grande tloodplain and
terraces. Pueblo architecture and other features constructed of
adobe may be detectable regardless of soil type but features like

those at Site 37 cannot be expected to show up in sandy soils.

A second difficulty clearly is the contamination ot
archeoiogicaL sits by modern metal. Every effort was made to
remove aJ I scrap metal, tin cans and other trash from the site

prior to the ;urvey work. Nevertheless, many metal fragments,
botn large and small, had been incorporated into the

unconsolidated ieolian sand and were not visible at the surface.
The interlnim.ty of rt ad Lngs from scrap netal are so high that even a

Vk

% 
%

Xtw'O'' 6



Table 11. Results of magnetic anomaly testing

KEYSTONE 36

EXCAVATION ANOMALY MAGNITUDE APPARENT CAUSE

UNIT TYPE ORIENTATION (GAMMAS) OF ANOMALY

J-7 Monopole 43 Modern Hearth

J-8 Dipole E/W 75 Caliche Rise

J-9 Dipole SW/NE 58 Caliche Dip

J-11 Dipole NW/SE 60 Caliche Dip

J-12 Dipole N/S 51 Modern Metal

J-13 Dipole N/S 50 Caliche Dip

J-14 Dipole E/W 43 Iron Spike in

Level 2

J-15 Dipole N/S 37 Iron Fragments

J-16 Dipole SW/NE 55 Caliche

Undulations

R-2 Dipole E/W 31 Tin Can

KEYSTONE 37

J-4 Dipole N/S 159 Galvanized
Ducting

J-7 Dipole SE/NW 50 Unknown

R-18 Dipole N/S 48 Unknown

Trench Dipole E/W 51 Gravel-filled

27 Channel
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sMat L pI'ce could produce an anomaly intense enough to mask any
evidence ot prehistoric residual magnetism. A prime example of
Env probLem is presented by Feature 24, Site 3/, which proved to
be a segaient of galvanized ducting completely buried by a
,rCoUSOte-sLaDilized sand dune. The only way to escape this
dit ticuity is to focus analysis on sites which are not in the
vi' inity o£ modern settlements or other sources of scrap metal
SuCh as military firing ranges, off road vehicle recreation areas,
c, apgrounds, etc. Many of the areas in and around El Paso can be
expec-ed to present the same kinds of problems with modern trash
tluit werc identified during this study. Evidence tar small
eptiemeraL features especially would most likely be overwhelmed by
ru,idings trom bottle caps, tin cans, nails, etc.

Thirdly, the presence of a well developed carbonate horizon
relatively close to the soil surface (see Chapter 5) may also have

caused some of the anomalies recorded by our survey. As noted in
Table /, several of the test excavation units contained nothing or
note except for some type of discontinuity or irregularity in the L
underlying carbonate horizon. The irregularities recorded in hand
excavation units take the form of undulations which were observed
either as high spots or dips in the upper contact of the caliche.

Other irregularities included discontinuities in the carbonate
horizon and gravel-filled channels cut into the caliche. At Site

-3b, Trench 1.1 exposed a four meter wide break in the caliche
horizon (Figure 8) which may be the source of a 3b gamma change in
contours observed southwest of unit J-1l (Figure 10). A similar
break, filled with coarse gravel, was noted in Trench 14 in the
vicinity of the strong monopole anomaly at the southern end of
Site 3b (Figure 10). Coarse gravels truncating the caiiche
horizon were also observed at Site 37 in french 27, and they may
account for the several anomalies recorded at the southern end of

the site (Figure 11). Such geologic features are expected
byproducts of multiple cycles of erosion and deposition involved
in the formation of the valley border geomorphic surfaces (Chapter
5). It is not certain that the geologic features are the source
of tne ooserved variations but their patterned cooccurrence is
suggestive. The potential for recording noncultural anomalies in
soils with shallow indurated carbonate horizons may have an
adverse effect on magnetometer survey on all of the local bajada
landtorms. Again, this limitation should apply mainly to smalL
ephemeral features. Structures of adobe may well retain enough
residual magnetism in the clays to produce usetul readings in
spite ot naturai and/or modern background effects.

Evaluation of the Research Design

In thLi secLion the research design is assessed in terms ot
its ettective-ess in providing the data necessary fo!7 interpreting
Keystone Site s b and 37. Te discussion itncludes two parts: an
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evaluation ot the utility of the research problems and the

difficulties encountered in actually carrying out the research

design.

Responsiveness to Data Recovery Goals

The three major research goals identified by the research

design were 1) the elucidation of the systemic context of Sites 36

and 37, 2) evaluating the relationship of the sites to regional

cultural systematics and 3) to develop improved chronological

control for the sites. All of the analytical approaches and data
recovery techniques were directed toward one or more of these

goals. It is believed that these efforts have been successful
inasmuch as they have provided new empirical data on site contents

which are also relevant to a series of substantive and theoretical
issues of regional significance. The positive results of the

investigations indicate that when appropriate questions are posed,
even some of the most ephemeral and commonplace sites can yield

signiticant research results.

The research design called for the identification of site

contents which, in turn, bears directly on the issues of site
function and systemic context. One component of the analysis has
been a multifaceted approach to the identification, definition and ,r

interpretation of the range of features present on the sites. The

identification of ephemeral pit structures at Site 37 has had a

great impact on the subsequent analysis of site function and its

role within an adaptive strategy. The discovery of those features

is directly attributable to the systematic approach applied to

subsurface testing.

Interpretation of site function was further enhanced by the

detailed excavation of as many features as possible. Complete or

nearly complete excavation of a large number of features provided

the necessary data for the feature typology, analysis of feature

distrioution and the investigation of artifact-feature

associations. Furthermore, the feature contents yielded most of

the samples required for botanical analysis.

Given tne exposure and soil conditions characteristic of most

sites in the area, preservation of plant remains is relativeLy

rare. The excavation of many features is often necessary in order

Lo recover usable organic samples. At Sites 36 and 3/ the

extensive investigation of features led to the recovery of 15

dated radiocdrbDoi samples which figure prominently in the

anaLysis. Flotation samples from the features have yielded plant

r,_mains bearing directly on the interpretation of tire-cracked

ro,:k features. In addition, the use of nondestructive extraction

L, :itliques yielded countable pollen spectra for almost all the

samples analyzed. AL these analyses were relevant in the context

ot addressing site tunction.
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Site structure is turther investigated through the use ot

detailed lithic artifact analysis. The extent of horizontal
exposure provided by hand excavations was an important factor in
obtaining adequate artifact samples. Hand excavations comprised
samples of approximately I)/. of the area on each site. This level

of coverage contrasts with the previous Keystone studies where
hand excavations amounted to samples of 1/. or less (Fields and
Girard L983:50,56; O'Laughlin 1980:40). In addition to providing
arl artiract sample, the extensive nand excavations also served to
maximize the recovery of obsidian artifacts for hydration dating.
A total of 2b datable samples were recovered from the two sites,

placing them among the best dated sites in the El Paso area.

As important as the extent of excavation is the process by
which units are selected. Tn the case of hand excavations, a
portion of the units were located randomly and the results

provided site-wide estimates of artifact density and feature
distributions. We believe that such randomizing and systematic
aspects of the research design are important and useful for at

N!' Least two reasons. It can be suggested with some assurance that
within-site variability was adequately recorded. The research
potential ot the probabilistic artifact sample was not maximized
however. Most of the randomly sampled excavation units fell
outside the areas with the highest artifact densities. It was
decided that it would be better to draw artifacts for lithic
analysis from the site as a whole rather than those few random

units which contained adequate numbers of items. Random units did
contribute to the lithic analysis by providing the small debitage

from the heavy traction of flotation samples.

Another research goal which was successfully met is the

development of improved chronological control for Sites 36 and 31.
On-going research at New Mexico State University has led the way

in the application of experimentally induced hydration dating of
obsidian in the region. As a result, nearly all of the obsidian

artifacts obtained during fieldwork were datable. Of equal

importance was the recovery of numerous radiocarbon samples as a
result of the complete excavation of many features.

A detailed comparison or the dating results from the two

techniques provides two very significant conclusions. First, even
though Site J/ "looks like" a late Archaic/Early Formative

campsite, it dates to tnu Pueblo period, calling into question the
basi : assumptions of cultural systewatics. Second, the Keystone
dates provide a classic example of the prehistoric use of "old
wood" and the problems associated with generating a chronology
from such cases. It is perhaps ironic that these two sites, which
initially would be assessed as having a low potential tor
chronometric dating, have provided a theoretically important set
of dates for assessing the regional chronology. Even small,

,phemeraL sites have significant research potential when the

propur questions are asked and the appropriate techniques are
em p L o yed
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As described in Chiapters 9, 10 and 13, there appear to be
differences between Sites 36 and 37 in terms of their systemic
contexts. Neverthele~ss, some of the evidence for the differences
is fairly subtle; while basic artifact descriptions form a
standard part of archeological reporting, the detailed comparisons
between sites were directed at those variables expected to exhibit
the kinds of variability identified as significant in the research
design. Some studies have been made in maximizing the recovery of
data trom Sites 36 and 31 within the time alloted for the
investigation. With only a few exceptions, CRt4D approaches to
furtner investigations would be comparable, given similar
conditions.

Two. aspects of the research design and plan proved to be less
useful than had been anticipated. The first was the hope that the
identification of, and data recovery from, relevant cultural
features would be enhanced by the use of a magnetometer survey.
As noted above, several aspects of the site settings proved
nonconducive to the preservation of anomalies indicative of
prehistoric features.

A second concern relates to perspectives brought to the
investigation of site function and settlement patterns. one of
the questions targeted for study in the RFP was whether or not
catchment analysis would be a useful approach from which to
interpret the Keystone sites. The question is discussed more
fully in Chapter 13, but, it should be noted here that the
approach was not found to be very satisfying. For one reason,
both sites have been interpreted as limited activity camps, and it
is not clear that the logistic assumptions intended for long-term
communities are appropriate for such sites. Secondly, catchment
analyses are best applied to sets of sites rather than single
si tes. The intention had been to incorporate settlement pattern
data fromn throughout the region into the analysis. However, one
result of the chronological analysis has been to point out that
Site 37 does not fit adequately within the traditional cultural
historical framework. Thus, it is not yet possible to place it
within an analytically meaningful group of sites (e.g.,
representing a settlement system).

This raises the more general issue of incorporating regional
survey data into an analysis and/or extrapolating excavation

results to such a data base. Since, on the basis of its surface
morphology, Site 37 would not have been assigned to the
appropriate time period, it is difficult to make comparisons with
data sets structured by traditional categories and within which
Site 37 is essentially undefined.

An unanswered methodological question which arose during the
course of fieldwork involves the relative efficiency of
alternative excavation techniques. Future studies could be
specifically designed to incorporate the use of multiple
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techniques in the same setting in order to compare their overail
effectiveness. A similar strategy could also be used to compare
sampling techniques used to locate excavation units, select
artifact samples, etc. over a period of time, the results of
various studies could then be used to identify the contexts in
which specific methodologies are most appropriate.

Problems Encountered in Carrying Out the Research

The most bothersome difficulties faced during the course of
the investigation were those surrounding the occasional need to
respond rapidly to changes in field or lab conditions. one
example is provided by the problems surrounding site vandalism.
Although both sites had received extensive off-road vehicle impact
prior to this study, additional damage occurred as a result of
vandalism during tne early phases of fieldwork.

The vandalism at the two sites consisted of the damage and/or
removal of datums and grid corners, extensive off road vehicle
traffic and one instance of excavation. Since both sites are
located near residential areas the problems were not unexpected,
but no protective actions were authorized until after damage had
delayed the fieldwork schedule.

Perhaps more complete discussion of ,and planning for, a
variety of potential contingencies prior to field work will
prevent them from affecting data recovery schedules in the future.
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CHAPTER 7

FEATURE DESCRIPTIONS AND ANALYSIS: FIRE-CRACKED ROCK FEATURES

by Myles Milter, David Carmichael, Jean Elsasser and Hiram Henry

Introduction

Excavations at Keystone Sites 3b and 31 yielded information
on a large number of features. In this and the following chapter

descriptive data on these features are provided as a basis for theI
discussion of distributional patterns and interpretation of site
function later in the report. The data are summarized under the
headings of large and small fire-cracked rock features and small
pit features. Excavation techniques are detailed and problems
associated with the definition of features are identified. Also

presented are discussions of the spatial distribution of features
and of associated artifact densities and distributions, summariesI
of associated botanical remains, and an assessment of comparative
data from other sites in the region. Inferences derived from such
data are used to aid in the functional interpretation of
features identified at Keystone Sites 36 and 37, as well as
comparable features reported during previous investigations
associated with Keystone Dam.

Feature Typology

Forty-five prehistoric fire-cracked rock (FCR) features were
identified and investigated at Keystone Sites 36 and 37. This
number is nearly three times the total of lo reported by previous
surveys prior to this study (RFP:74). The recovery of greater
ni-mbers of features was fortunate because analysis has identified
patterns in feature morphology which might be less evident in a
smaller sample. Based on characteristics of size and rock weight,
the majority of the features have been securely assigned to one of
two morphological categories: large fire-cracked rock features and
small fire-cracked rock features. Additional variability is noted
within the latter group as discussed below.

Burned rock features are a common characteristic of
archeological sites in the southern Jornada and they have been
discussed by a variety of researchers in the El Paso area. The
previous Keystone Dam projects (O'Laughlin 1980; Fields and Girard__
1983) and an excavation in east El Paso (Hard 1983) have all

identified a similar dichotomy based on some aspect of feature
size. The consistency of this distinction suggests the likelihood
that the differences may be attributable to prehistoric patterns
of use, It is useful to group the two types of features, not for
the sake of classification, but rather, in order to analyze any
spatial or temporal relationships among features and between
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features and artifacts. For the purposes of this study
discriminant analysis was used to produce feature groupings with
specitiable levels of significance.

Metric data on rock features were computerized on a Kaypro

1l pc as a Database file. This file was transferred to the NMSU
mainrrame system (Amdahl 4/U V/5) for further manipulation. The
discriminant analysis was carried out with an SPSSX routine using
several methods (Norusis 1983). The results were similar with all
methods; the figures reported here were generated with the direct
method. The resulting feature groups were then plotted with an

SAS graphics routine.

The variables used to group the features are plan view area

and rock weight. Area is reported in square meters but rock
weight is converted to pounds in order to reduce congestion in the
final plot. Raw data for all features analyzed are listed in
Tables 12 and i .

As would be expected, the values for feature area and rock

weight covary strongly. It is also not surprising that rock
weight figures more prominently in the discriminant functions
since feature area is more drastically affected by post-
depositional processes. The discriminant functions have Chi
Square values of 13.0 (df.=2, p .002) for Site 36 and 32.2
(d.=2, p OUU) for Site 3/. The discriminant analysis of
feature group membership correctly classified 92% of the cases for
Site 36 and 96X at Site 37, thus lending confidence to the size
typology.

The numbers and sizes of features in the Large and Small
feature groups are summarized in Table 14. Note that there is no
overlap between even the maximum ranges for most comparisons. The
single exception is at Site 37 where one small fire-cracked rock
feature (as identified primarily by rock weight) is so dispersed
that its area overlaps into the range for large features. The
site means for feature size variables correspond rather closely
with those reported from Keystone Site 32 (Fields and Girard
198j:i21) but are notably larger than the figures summarized from
o'Laughlin's work at Sites 33 and 34. The smaller mean size at
tile Latter sites most likely reflects the higher proportion of
smaLL features contributing to the mean. This observation may
aiso be indicative of behavioral differences associated with site
typology; greater specialization of activities on short-term
campsites may lead to higher proportions of large fire-cracked
rock teatures. This possibility is further addressed below.

It is interesting to note that membership in the feature

groups is nearly proportional between the two sites, there being
roughly twice as many small features as large ones. Group
assignments and size distributions are presented graphically, by
site, in Figures 12 and 13. Although based on different measures
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Table 12. Characteristics of fire-cracked rock featuires
at Keystone Site 36

Area in Rockweight Size
Feature No. Square meters (kg) (lbs) roup*

3 1.0 30 66 5

4 2.8 22 48 S

5 0.8 21 46 .1

6 4.5 197 4J3 L

71 11.5 399 878 1.

8 2.1 93 205 L

9 0.6 18 40 S

10 4.4 328 722 L

11 1.6 42 92 S

12 1.5 37 81 S

13 1.7 47 103 S

14 0.5 3 5 3

15 0.9 8 18 .1

16 0.5 0 0

17 0.5 5 12 s

18 1.1 47 103 3

*Large FCIR feature (L) or Small FCR feature (S)
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Table 13. Characteristics of fire-cracked rock features
at Keystone Site 37

Area in Rockweight Size
Feature No. Square meters (kg) (ibs) Group _

1 4.2 259 570 L

2 5.9 721 1587 L

3 14.8 341 750 L

6 11.2 327 719 L

7 4.0 330 725 L

8 7.0 40 88 s

12 2.9 67 147 S

13 0.8 0 0 S

14 4.0 204 450 L

15 2.4 114 252 L

16 1.5 18 40 S

18 0.9 20 44 S

20 1.0 49 107 3

21 1.0 8 13 S

22 0.7 61 134 S

23 7.0 227 500 L

25 1.0 21 46 S

26 1.2 54 119 S

28 0.7 23 50 3

30 1.1 16 35 S

31 0.8 2 4.4 s

34 4.8 454 1000 L

36 1.3 5( 125 S
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Table 13. Continued

Area in Rockweigit Size
Feature No. Square meters (kg) (ibs) -1roup

37 2.0 45 100 S

44 1.0 341 75 S

47 1 .0 Not Excavated S

60 1.5 45 100 5

66 0.8 23 50 S

67 0.8 34 75 S

68 0.5 Not Excavated 3

69 2.6 80 1715 3

*Large FCR feature (L) or Small FCR feature (S)
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Table 1~4. Summary of FCR feature groups by sitec

KEYSrONE 36

LARGE SMALL TOTAL

No. of cases 14 12 16

Mean Area 5.b m2  1.1 m2 2.2 mn2

(SDEV) (4.0) (0.7) (3.0)

RANGE 2.1-11.5 0.5-1.7 0.5-11.5

Mean Weight 2514 kg 23 kg 81 kg

(SDEV) (132) (17) (127)

RANGE 93-399 0-147 0-399

KEYSTONE 37

No. of cases 8' 20 28

Mean Area 6.4 m2  1.5 m2  2.9 m2

(SDEV) (4.3) (1.4) (3.3)

RANGE 2.4-114.8 0.5-7.0 0.5-14.8

Mean Weight 244 kg 37 kg 12 5 kg

(SDEV) (183) (21) (170)

RANGE 114-721 0-67 0-721

Feature 23 at Site 37 was deleted from this summary due to itsU

problematical identification as a large FCR feature (see text).

%~
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or size, Hard's (196J) distribution of rock features at Castner
Range exhibits similar groupings and degrees of dispersion within
tne groupings. Again, general similarities in the relative
proportions of different sizes of rock features may reflect
behavior patterns related to feature function. Brief summary
descriptions of each category are given below and then examples
from each Site are discussed in detail.

Large Fire-Cracked Rock Features

The group of large features on the sites are characterized
by extensive concentrations and/or dispersals of fire-cracked rock
often associated with carbonaceous or burned soil. Varying
amounts of ash and charcoal may be present in the lenses of
discolored soil, depending on the extent to which deflation and
erosion have affected the integrity of the feature. The
dimensions of the Most dense rock concentrations range from 1.8 to
3.6 m in diameter although adjacent areas containing discolored
soil and scattered rocks can extend out to eight meters in
diameter. Profiles of the better preserved features indicate
construction within shallow pits or basins, with the thickness
slightly greater in the center than at the edges. Weights of the
fire-cracked rock from these features range from 93 kg to 721 kg,
with an average of 325 kg (Tables 12, 13).

Four Large Fire-Cracked Rock Features were investigated at
Site 36 and nine at Site 37. of the 13 total, all but one were
partially exposed at the surface, the exception being feature 34
at Site 37 which was covered by 2U-30 cm of aeolian sand. Due to
their large size and general proximity to the surface, it is
likely that no Large Fire-Cracked Rock Features remained
undetected at either site.

Small Fire-Cracked Rock Features

These features are spatially compact, with areas of dense
fire-cracked rock concentrations and cultural deposits averaging
one meter in diameter. Although in many cases post-abandonment
disturbance processes have altered the original shapes and
dimensions of these features, the better-preserved examples are
characterized by an articulated circular concentration. Rock
weights from these features range up to 67 kg, with an average of
40 kg.

Most Small Fire-Cracked Rock Features at Sites 3b and 37

have been subjected to wind and slope erosion, thus appearing ash
circular or oval shaped, relatively flat, single layer
concentrations of fire-cracked rock. Preservation within the
associated soil deposits varies among these features; the remnants
range from a light gray stain of heat-reduced sand to a deep

101 &

Im

IrN 11



matrix of dark carbonaceous soil, ash and charcoal. Profiles ot
these features show some evidence of pit or basin construction cut
into the underLying compact pebbly sand or caliche, although the
boundaries between the cultural deposits and natural soils are
often indistinct and disturbed by rodent burrows and the leaching
action of rainwater percolating through tnese highly permeable
soils.

A small sample of features, including Feature 22 at Site jI,
were located in compact pebbly sand under deep deposits of
unconsotidated aeolian sand or dune-consolidated sand and have

consequently been less exposed to erosional and disturbance
processes. These examples are circular in shape, have a high
density of fire-cracked rock around the edges, and a much lower
fire-cracked rock density with a matrix of dark carbonaceous soil
and charcoal in the center. Profiles of these features show a
shallow basin-shaped construction, although the pit wails are

generally irregular.

Otner features at Sites 3b and 37 were located in or near
roads and trails and have been heavily disturbed by vehicle
activity causing the dispersal of fire-cracked rocks and erosion

of cultural deposits. However, sufficient articulation of fire-
cracked rock with areas of reduced sand remain to reconstruct
these features as Small Fire-Cracked Rock Features.

The five Small Fire-Cracked Rock Features investigated at
Site 36 and the 18 at Site 37 are listed in Tables 12 and 13.

Small Pit Features

These features are usually located near Small Fire-Cracked
Rock Features and may be the remnants of such features. Most
examples have fire-cracked rock present within the fill, although
in small quantities. These Small Pit Features are basin-shaped
constructions cut into the compact pebbly sand and catiche
horizons. They measure an average O.5 m diameter and 5-15 cm It
depth, and are filled with a soil matrix of light gray
carbonaceous sand which sometimes includes small lenses of
ch'arcoiL. Evidence of heat-reduced stained sand is present in the
side wails or these pits.

Features assignable to this group include 9, 14, and io at

Site 36 and 13, 18, and 31 at Site 37. Features t and 2 at
KeysLOne Site 54 and 3, t, 8, and 9 at Site 3- Nortn show similar
characteristics to the Site 36 and 37 Small Pit Features
('Laugnlin, 19 6): 126- 34).

Two t.Iturcs at Site 30 and four at Site 3/ are wide
dispersals of tire-cracked rock showing no articulation or
evid i '1c o I issoc iat ed cul tural deposi ts. These may represent

destroyed tire-cracked rock features trom which the cultural
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deposits have been entirely eroded, or may be dispersals of fire-

cracked rock from other nearby features. In either case, lack of

data precludes their assignment to any of the three aforementioned

categories with contidence. Also, several features located during

the initial surface survey were found to be modern (Keystone 3b,

Features I and 2; Keystone 37, Features 4, 9 and lU). Beyond

their being recorded, no further time was expended on them.

The majority of fire-cracked rock features at Sites 3o and

37 were detected as small dispersals and concentrations of fire-

cracked rock exposed at the surface, while others were found

during the excavation of judgemental and random units or in the ""V

profile walls of backhoe trenches. In accordance with contract

stipulations, 4 by 4 m excavation units were established around

teatures located at the surface and for the selected judgemental

and random excavations. At times it was necessary to expand these

units in order to encompass the total extent of a feature or to

investigate other nearby features discovered during the

excavations. To facilitate later artifact analyses, standard

practice was to place the datum at the southwest corner and number

the one meter subunits starting at the datum corner and proceeding

from west to east.

Excavation proceeded by arbitrary 10 cm levels. Deposits ot

unconsolidated aeolian sand were removed until the horizontal

dimensions or the features were defined, the excavation then

proceeding by trowel to the next level leaving the features

pedestalled. Before excavating the unit to a level below the

fire-cracked rock or to the carbonate horizon, the features were

bisected in order to observe and record vertical characteristics

of depth, stratigraphy, and feature shape.

Field records were maintained on the dimensions, artifact

recovery, material composition of the tire-cracked rock, weight of

the fire-cracked rock, and other characteristics of each feature.

4 Maps and measurements were taken for each level, noting the size,

density, positioning, and material of the fire-cracked rock, as

well as the horizontal and vertical extent of the associated

Cultural deposits.

During the excavation of all 4 by 4 m units, 1/4" mesh

screen was utilized to recover artifacts. Tools and groundstone __rartiticts were point provenienced, as were any C-is. samples.. ,

Soil, flotation, and pollen samples were collecred at each level

from inside the feature, with additional samples collected outside

of the feature boundaries for control purposes. Photographic
records were maintained for each level. Finally, the fire-cracked

rock was weighed.

A number ot rock features were discovered during the

trenching and backhoe operations undertaken during the project

extension. These were cleared and mapped, but time and

contractual constraints prohibited detailed investigation and
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!. artifact recovery (contract modification 2). Fire-cracked rock
weights for these features are estimated, with those estimations

given in 11.5 kg (2j lb.) increments based upon observations of .

size and density compared with other features with known weights.

The fire-cracked rock features present at Sites 36 and 37
are discussed below by site. A listing and brief description of

each feature is provided (Tables 15 and 16), followed by more
detailed discussions of a number of representative features from
each site. Since a total of 45 fire-cracked rock features were

excavated, description of every example would be redundant.

Keystone Site 3b

Large Fire-Cracked Rock Features

Feature 7

Feature 7 is located in the southeastern area of Site 36,

where the initial surface survey noted an extensive scatter of
ifre-cracked rock measuring over 60 square meters (Figure 14). As

no central feature area could be discerned at the surface, four 4
by 4 m excavation units were established around the scatter at the

coordinates 2USI4E, 2US18E, 24S14E, and 24S18E. After the feature
was exposed, another I by 3 m unit was required in order to

encompass the extreme western edge. Excavation of unit 20S18E was

not required as it was found to be outside the feature.

The highest density of fire-cracked rock and cultural
deposits were found within unit 20S14E situated under three to

four cm of unconsolidated aeolian sand. After pedestalling, the
feature was excavated in two arbitrary 10 cm levels, labeled

Levels IA and IB. Level IA consisted of a layer of small fire-
cracked rocks, 5-15 cm in diameter, situated in a matrix of

carbonaceous soil. At this level, the feature had an irregular
snape and measured 3.6 m N/S and 3.3 m E/W, with dispersals of
fire-cracked rock spread 3.5 m to the east, 2.0 m south, and 1.0 m
Wes t.

% With the removal of the overlying fire-cracked rock of level
IA, the level IB excavation revealed an oval-shaped cluster of
Lirge fire-cracked rocks measuring 10-35 cm in diameter. This

dense concentration of fire-cracked rock was situated directly on
indurated caLiche, where a shallow depression was observed to

extend into the caliche to a depth of three to five cm.
Throughout this depression and the concentration of tire-cracked
rock was a deep matrix of very dark carbonaceous soil. Numerous
C-14 samples were collected from this deposit.
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Table 15. Site 36 Fire-Cracked Rock Features

Feature Dimensions* Weight Comments

Large Fire-Cracked Rock Features

6 2 .1/2.2m 197kg FCR deflated and dispersed. Some
areas of reduced sand with charcoal
lenses.

7 3.6/3.3m 399kg Large dispersal of FCR around a
dense central concentration with
deep deposits of carbonaceous
soil, ash and charcoal.

8 1.4/1.5m 93kg Very dense circular FCR
concentration with deposits of very
dark carbonaceous soil and
charcoal.

10 1.9/2.2m 328kg Dense FCR concentration over thin
deposit of reduced sand. Moderate
deflation.

Small Fire-Cracked Rock Features

3 1.1/0.9m 30kg Deflated and slightly aispersed.
Small area of carbonaceous soil.

13 1.3/1.3m 47kg Deflated with soil matrix eroded.

15 0.9/1.1m 8kg Deflated but compact. FCR over-
lying a small basin-shaped pit with
a matrix of carbonaceous soil and
charcoal.

17 O. 8 /0.6m 5kg Well-preserved and articulated with
deposits of carbonaceous soil and
charcoal.

18 1.0/1.Om 47kg Well-preserved FCR concentration
over a basin-shaped pit with
carbonaceous soil and charcoal.

Snall Pit Features

9 0.6/0.6m 18kg Probably a destroyed Small Fire-
Cracked Rock Feature. Small amount
of FCR in a basin-shaped pit with
some carbonaceous soil and cnarcoal .
flecks. Heat reduction noted on
walls.
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Table 15. Continued

Feature Dimensions* Weight Commrents

14 0.5/0.5/m ---- Pit in caliche. Fill of sligthtly

reduced sand with some charcoal.
No FCR present in fill.

16 0.5/0.5m ---- Pit in caliche. Some FCR but no
ash or charcoal.

Fire-Cracked Rock Scatters

4 1.8/1.9 48kg Near Feature

5 0.3/0.4 46kg Near Feature

S* Dimensions given are maximums for the densest FCR concentrations,

excluding dispersals. Any apparent discrepancies between these
dimensions and areas listed in Table 12 are due to irregularities

in feature shapes.
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Table 16. Site 37 Fire-Cracked Rock Features

FEATURE DIMENSIONS WEIGHT COMMENTS

Large Fire-Cracked Rock Features

1.7/1.8m 259kg Dense circular concentration of
FRC, slightly eroded and
deflated.

2 2.6/2.Om 721kg Large concentration of FCR
overlying deposits of

carbonaceous soil.

3 2.0/2.Om 341kg Ring-shaped cluster of FR with
large areas of FCR dispersals.
Carconaceous soil in central
areas.

6 3-0/2.5m 327kg Asymmetrical concentration of
FCR, deflated and with soil
matrix eroded.

7 2.0/2.Om 330kg Articulated oval-shaped feature.
Soil matrix eroded with only a

thin deposit of reduced sand
observed.

14 1.5/1.8m 205kg Well-preserved and articulated
FCR concentration in a circular

shape. Deep deposit of
carbonaceous soil and charcoal.

15 1.0/1.0m 115kg Borderline between Large and
Small FCR Features. Vehicle-
disturbed FCR with small area of
reduced sand and some
carbonaceous soil.

23 2. 4 /2.Om 227kg Highly dispersed FCR associated

with extensive and deep deposits
of very dark carbonaceous soLl

and charcoal.

34 2.5/2.Om 454kg 1/4 excavated. Very dense and

well-preserved. FCR in a moist,
dark matrix of carbonaceous soil.
with dense pockets of ash and
charcoal.
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Table 16. Continued

Small Fire-Cracked Rock Features

12 2.0/1.2 67kg Proximity to the surface has
resulted in high level of'
disturbance, FCR dispersed and
soil matrix eroded.

16 1 .5/1 .0m 18kg Deflated but articulated. Soil
matrix eroded.

21 1 .0/1 .in 8kg Vehicle-disturbed FCR scattered
around a small cluster of FCR

associated with a pit of
carbonaceous soil and charcoal.

22 0.9/0.8m 61kg Intact feature. Ring-shaped FCR
with soil matrix preserved.

25A 0.5/0.8m 21kg Intact feature located inside
Feature 25B.

25B 1.3/1.2m 44kg Well-preserved feature, although
disturbed by 25A.

26 1.3/0.9m 5 4kg Deflated but articulateu. Soil
matrix eroded.

27 --- /0.8m No excavation. Observed and
mapped in trench profile.

28 0.9/0.8m 23kg Deflated with a matrix of reduced
sand.

30 1.1/1.1m 16kg Disarticulated FCR around a
basin-shaped pit with a fill of

carbonaceous soil.

36 1.1/1.2m 57kg Slightly deflated. Circular
] sape of FCR with a deposit of
carbonaceous 3oil and charcoal.

37 1. 4/1 .4m 45kg Deflated. Thin deposit of
reduced sand.

44 O.7/0.7m 34kg Deflated with soil matrix eroded.

47 ---/1.2m ---- No excavation. Observed to be a
well-preserved circle of FCR over
a pit filled with carbonaceous
soil and charcoal.
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Table 16. Continued

60 O.9/1.2m 45kg Deflated. Small pit with a fill

of reduced sand and some charcoal
noted below.

66 0.8/0.7m 23kg Deflated and eroded semicircle
of FCR.

67 0.8/0.7m 34kg Deflated and eroded ring of FCR.

68 ---/-- -- No excavation. Noted in trench
profile.

69 1.5/1.2 80kg Well-preserved oval concentration

of FCR. Ringshape apparent.
Matrix of carbonaceous soil with

some charcoal flecks.

Small Pit Features

13 O.6/0.6m ---- Round pit excavated into caliche

with carbonaceous soil and some
charcoal flecks.

18 0.6/0.6m 20kg Pit in compact pebbly sand. Fill
includes slightly reduced sand,
some charcoal, and FCR.

31 0.7/0.8m ---- Basin cut into compact pebbly

sand. Some reduction noted in
basin walls, but no ash or

charcoal. Two small fire-cracked
rocks present in fill.

FCR Scatters

5 ----- Near Feature 6

11 ---- Near Feature 6

20 ---- Near Feature 21

8 ---- Near Features 22 and 23. Possibly

a downslope dispersal of FCR from
Feature 23.
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The fire-cracked rock weight total from this feature was J99

kg, most of which was from the central concentration within the
scatter. of this weight, only four kilograms were rhyolite, the

remainder consisting of dolomite.

A relatively high artifact density was noted in the

excavation of this feature. Artifacts include plain brownware

body sherds, hammerstones, and a groundstone fragment.

Feature 10

Feature 10 is located in the southern area of Site 3o at the

coordinates 42SOE, where a 4 by 4 m excavation unit was
established over a large surface scatter of fire-cracked rock

(Figure 15). A dense concentration of fire-cracked rock was

located in the center of tne unit, but upon removal of the

overlying deposits of aeolian sand the feature was found to extend

north and a i by 4 m unit was added at the coordinates 36SUE.

Defined at level 1, the feature measured 3.3 m N/S and 3.3 m
E/W. The fire-cracked rock was well articulated and associated

with a dark soil matrix of carbonaceous sand, ash and charcoal.
Subsequent excavation revealed that the feature decreased in size
with depth, although the fire-cracked rock and carbonaceous soil

continued to the caliche contact at a depth of 22 cm. A shallow,

basin-shaped pit extending into the caliche was noted in profile.

The fire-cracked rock of Feature LU was moderately fractured

and averaged 5-15 cm in size. Total weight was JS kg, of which
only 2 kg were rhyolite, the majority being dolomite.

Artifact density in the area surrounding tne feature was
moderate. No groundstone artifacts or ceramics were recovered.

Small Fire-Cracked Rock Features

Feature I.

Feature 15 is Located in the western portion ot Site 36 in

an area of nigh feature density (Figure 16). Small Fire-Cracked
Rock Features 14 and 1b and Small Pit Features 1J and 16 are alt

located within a l0 m radius from Feature 15. it was discovered
in a judgementally selected unit, coordinates 2S22W, originally

established to investigate a surface dispersal of fire-cracked

rock Leading from the previously excavated Feature 1j. Feature 1-.

was not visible until 1) cm of aeolian sand had been removed from

the unit.

Figure Io illustrates the stratigrapnl.c relationships among

Features 14, 15, and 18. Feature 15 is situated at a level 10 cm

Ill "
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Fhi,re 15. Plan and profile views of Feature 10, Site 36
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above Features 16 and 14. Feature I, into which Feature 15 is

cut, is located at the same occupational level as Feature Ib;

thus Feature 18 is the oldest of these features and 15 is the

youngest. See Chapter 11 for a discussion of C-14 dates from

these features.

Feature 15 is a well-preserved circular concentration of

fire-cracked rock measuring 0.9 m N/S and 1.1 m E/W. The southern

half of the feature was excavated, revealing in profile a basin-

shaped pit extending 12 cm into the indurated caliche. Reduction

stains were noted on the walls of this pit; however, the deposit

of dark carbonaceous soil was only a few centimeters deep. The

fire-cracked rock in this feature is highly fractured and

oxidized, with an average size of 10-15 cm. Dolomite is the only

material represented, with a weight of eight kg.

Feature 18

Feature Id is located in the same area of high feature

density as Feature 15 (Figure 16). It was situated under a

deposit of dune-consolidated sand at a depth of 40 cm. As

defined at tnis level, the feature is a dense concentration of

fire-cracked rock measuring 1.1 m in diameter and is associated

with a deposit of carbonaceous soil and charcoal. Construction of

this feature appears to have been a basin cut into the compact

sand and caliche horizons which was lined with cobbles. The

nighest fire-cracked rock density is in the upper portion of the

feature and along the walls of the pit, while the densest
carbonaceous soil and charcoal deposits are located in the bottom

5 cm of the pit fill. Two C-14 samples were collected.

Total weight of the fire-crdcked rock is 41 kg, of which

only 2.j kg were rhyolite. Cobbles show a moderate amount of

tractur ing.

Feature• 16 is Located strarigraphicaily below the nearby

Features 13, 15, and lb.

Small Pit Feature

Feature 14

Feature 14 is located in a judgementat unit at the

coordinates 2S22W, a few meters to toe southwest of the complex of

teatures discussed above (Figure It). Its stratigraphic position

in reLation to those other features indicate that it was at or

slightLy below the occupational Level ot Features 13 and lb. It

was discovered 3o cm below the surtace.

I14
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Feature 14 is a small basin-shaped pit measuring 0.5 m in
diameter and is cut 14 cm through compact pebbly sand into the
underlying indurated caliche. The fill is a grayish-brown deposit
of reduced sand with some charcoal flecks present. Reduction of
the calicne was noted in the side walls of the pit. Only S kg of
fire-cracked rock was found within the fill.

Artifact density surrounding the feature was high. A
projectile point base, Golondrina type, was recovered just west
near Feature 13. However, there is no apparent temporal

association between this Paleoindian point and the Small Pit
Feature.

Keystone Site 37

Large Fire-Cracked Rock Features

Feature 2

Feature 2 was located in the extreme southern area of Site

37 at the coordinates 47SIE. A 4 by 4 m excavation unit was
established around a surface scatter of fire-cracked rock from the

feature. Excavation revealed a dense, oval-shaped concentration
of fire-cracked rock (Figure 17), compact except for some
deflation and dispersal in the southern extent where vehicle
activity has disturbed and lowered the surface 30-35 cm. Maximum
extent of the feature is 3.0 m N/S and 3.0 m E/W, with the area of
highest fire-cracked rock density occupying an area of 2.b by 2.0
m.

Excavation of three 10 cm levels revealed that the feature

was covered by a 10-15 cm deposit of unconsolidated aeolian sand
in the northern half and 2-3 cm of vehicle-compacted sand in the

southern half. The depth of the feature is 31 cm in the center
and 15-21 cm at the edges. A 1.5 by 1.5 m area of dark
carbonaceous soil extended below the base of the fire-cracked
rock, and a pit shape in this area is indicated by the decreasing

areal extent noted in successive excavation levels.

Fire-cracked rock composition is primarily dolomite and is

small, angular, and highly fractured. Average size is 10 cm.
Weight of the fire-cracked rock is 66 kg found loose in the

excavation unit and 654 kg recovered from within the feature, for

a total of 720 kg.

Artitact density was moderate. One groundstone fragment was
recovered from inside the featur.
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Feature 3

This feature was a circular ring of fire-cracked rock

located in the northern area of Site 37 at the coordinates 32N8E.
A 4 by 4 m excavation unit was establisned over a highly dispersed
surtace scatter of fire-cracked rock and was later extended 2
meters north and east in order to encompass the total extent of

the feature (Figure 18).

Three arbitrary 10 cm levels were excavated. Feature 3 was

found to be situated in compact pebbly sand underneath 2-3 cm of
aeolian sand. As defined at level I, the feature is a circular

ring of fire-cracked rock measuring 2.1 m N/S and 1.8 m E/W, with
a large area of dispersed fire-cracked rock and carbonaceous soil
spread 2 m north and 3 m east. Within the ring of fire-cracked
rock are moderately dark deposits of carbonaceous soil and some

pockets of charcoal. Little fire-cracked rock was located in this
area.

A 2 by 2 m strip was excavated as level 2 to a depth of 10

cm below the fire-cracked rock. The long axis of this strip cut
through the center and southern areas of the fire-cracked rock

ring and extended through a portion of the fire-cracked rock
dispersal located to the east. Fire-cracked rock extended into .;

this level only in the northern portion of the ring, and although
deposits of carbonaceous soil were noted as particularly dense

within the ring, they were also present outside of it.

Excavation of anotner 10 cm level revealed no further

extension of carbonaceous soils, although some reduction stains
were noted.

The profile of the level 2 and 3 excavation walls confirm

that no cultural deposits extended below level 2 within the tire-
cracked rock ring but were present in level 3 in areas outside of

the ring to the east. This may be due to rodent activity.
However, a more plausible explanation may be that the lower

cultural deposits represent either an earlier use of the feature
or emptying of the feature. The data on this feature indicate

tnat at one time it was emptied, resulting in the ring-shaped
remnant and the surro,,nding dispersal of scattered fire-cracked
rock.

The tire-cracked rock of Feature 3 contained dolomite with a "
small percentage ot rhyolite. Average rock size was 10-20 cm,
with a high degree of fracturing noted and total weight was 341

kg.

A dolomite metate fragment was recovered trom the ring ot U
fire-cracked rock. Also, five sherds of an unidentified brownware
were recovered from the excavation unit within a 2 m radius rrom

the feature.
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Feature 23

This feature consisted of an oval-shaped, loosely
articulated scatter of fire-cracked rock encircling a deep deposit
of carbonaceous soii (Figure 19) located in the central area of
Site 37 at the coordinates 2S21W. A 4 by 4 m excavation unit was
established here when replacement of a grid stake identified a
buried soil stain. No evidence of the feature was noted at the
sur face.

Excavation of four arbitrary 10 cm levels revealed that the

feature extended to a depth of 40 cm below the surface.
Examination of the excavation wall profiles furnished evidence
that the feature was originally a basin-shaped pit covered with a
layer of fire-cracked rock slightly thicker in the center tnan at
the edges. Fire-cracked rock was present throughout the entire
excavation unit, and deposits of carbonaceous soil and charcoal
were also extensive. These deposits extended 5 cm below the
Layers of fire-cracked rock.

As defined at the base of level 1, Feature 23 was a semi-
circular ring of fire-cracked rock with displaced cobbles
scattered primarily to the west and north. The western extent of
the feature was estimated, as extension of the excavation unit was
impeded by a large dune and numerous backdirt piles from the
excavation of a nearby unit. Dimensions of the portion of the
feature which was excavated are 2.o m N/S and 2.U m E/W.

The fire-cracked rocks were mostly small, highly fractured
pieces, indicating either high temperature or long usage. Size
ranged from 5-30 cm, with an average of about 10 cm. Dolomite was
predominant, although some rhyolite occurred. Total weight is 112

kg for the estimated 3/4 of the feature excavated, with 230 kg
estimated for the total weight.

A number of groundstone artifacts were collected from the
feature and its excavation unit, including a small metate
tragment, a large grinding slab, and one other unidentifiable
fragment. It is also notable that the artifact density for the
unit surrounding this feature was one of the highest at Site 37,

with over 300 lxithic artifacts recovered from the surrounding
excavation unit.

Feature 34

This feaiure was located in the south-central area of Site

37 at the coordinates 16S12E, where a 4 by 4 m judgemental unit
was estabLished to fill a gap in the distribution of random units.

No fire-cracked rock or other evidence of the teature was noted on
Ole surface. ,
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Excavation of the first arbitrary 10 cm level cleared
overlying deposits of unconsolidated sand. The feature was
encountered just below the interface between the compact pebbly
sand horizon and overlying aeolian sand. As defined on the
surface of this Level, the feature is a roughly circular area of
very dark carbonaceous soil with a very high ash content and dense
pockets of charcoal (Figure 20). Fire-cracked rock protrudes from

the center in a 0.5 m diameter area, and a few other cobbles are
present throughout the surface. Maximum dimensions of the feature
on the surface are 2.5 m N/S and 2.0 m E/W.

Terms of the contract modification limited the amount of
investigation possible, so only the southwestern quarter of the
feature was excavated. This revealed a deep deposit of very dark

soil consisting primarily of carbonaceous soil, ash, and numerous
pockets of charcoal. Fire-cracked rock was present in quantity
throughout the upper portions of the fill.

Examination of the profile walls found no evidence ot an
underlying pit or basin. Rather, the base of Feature 34 was
relatively level and had been dug into the compact pebbly sand
horizon, in profile B-B a slight thickening can be seen at the
center. Depth of the feature is 32 cm in the center and 20-25 cm
around the edges.

The fire-cracked rock recovered from the quarter of the
feature excavated wac primarily dolomite and little rhyolite was
noted. Cobbles are moderately fractured and average 10-2U cm in
size. Weight for the excavated quarter is 120 kg, giving an
estimated total of 480 kg for the entire feature.

Small Fire-Cracked Rock Features

Feature 2t

This teature was located in the east-central area of Site 37
at the coordinates 20S24W, where a 4 by 4 m excavation unit was
estabiished over a small surface scatter of fire-cracked rock
originally designated as Feature 20. Feature 21 was discovered
during the excavation of this scatter, about I m to the northeast.

Feature 21 was detected in the northeast corner of the
excavation unit under 20 cm of aeolian sand and compact pebbly
sand. it is a small cluster of fire-cracked rock bordering a 0.3
in diameLer pit (Figure 21). The fill of the pit was a dark
carbonaceous soil. Heat reduction was noted on the sides of the
pit, and a Large sample of charcoal was recovered from the till.

Both Feature 21 and the fire-cracked rock scatter designated
as Feature 2o were located in an area of soft aeoiian sand in an
off-road vehicLe track. The tire-cracked rock from Feature 20 is
highly dispersed witn no recognizable articulation or associated
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pit. Tnerefore, it is felt that Feature 20 may be a downslope
dispersal of the fire-cracked rock once comprising Feature 21.
This dispersal and destruction of Feature 21 could have resulted
troin the extensive vehicle disturbance in the area.

Reconstructed measurements for the feature are I.U by 1.0 m,
and are based upon evidence of discolored soil in the excavation
walls and the surface of the excavation unit around Feature 21.

Fire-cracked rock ranged from 3 to 30 cm in size. Total
weight of the fire-cracked rock recovered from both features in
the unit was 50 kg. It should be noted that only eight kg were
directly associated with the pit of Feature 21, the other 42
represented that which was recovered loose in the excavation unit
and labeled Feature 20. Over 135 artifacts were collected during

the excavation, making the area around Features 20 and 21 one of
the highest density concentrations at Site 37.

Feature 22

Feature 22 was a small, very well preserved feature located

in the west-central area of Site 37 at the coordinates 2S2"W. A 2
by 2 m excavation unit was established when the corner of this
feature was detected at the base of level 3 during the excavation
of an adjacent unit, 4S29W. No evidence of the feature was seen
on the surface, as it was situated under 25 cm of dune sands.

Feature 22 contained a well-articulated concentration of

tire-cracked rocK, circular in shape, and with a higher density of
fire-cracked rock around the edges than in the center (Figure 22
profile A-A'). This gives it an apparent ring-shape. Dimensions
of the feature are 1.0 m N/S and 0.8 m E/W.

The areas surrounding the rocks contained a dense deposit of
carbonaceous soil with dark pockets of ash and charcoal. These
deposits were concentrated in the central region of the feature
where the fire-cracked rock density was lowest. In profile, the

fill occupies a basin-shaped pit cut into compact pebbly sand to a
depth of 13-15 cm. The base of the pit lay 2-4 cm above the

caLiche substrate.

Little erosion, deflation, or root disturbance had affected
the feature, although two rodent burrows outlined the fire-cracked
rock around the north and east sides. Examination of these

burrows revealed that they had not penetrated or disturbed the
inner fill of the feature.

The tire-cracked rock was ;)rimarily moderately fractured

dolomite, ranging in size trom 5 to 15 cm. Total weight of the
tiru-cracked rock amounted to bI kg.
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Artifacts recovered from the nearby 4 by 4 m excavation

unit include a mano and grinding slab fragment, both found ca. 3 m
from the feature and at a level equivalent to that of Feature 22.
However, it is uncertain whether these artifacts are associated

with Feature 22, or Feature 23 which is located to the east. A

large number of flakes and scrapers were also recovered from this

unit. A drill was found on top of Feature 22, and a small -

chalcedony core was retrieved from inside the feature.

Feature 25 (A and B)

Feature 25 was detected by backhoe excavations in Trench

14. A 4 by 4 m judgemental excavation unit was established around

the feature at the coordinates 2N8E. Examination of Feature 25 in

the trench profile and during excavation found that it is actually
two superimposed Small Fire-Cracked Rock Features representing two

distinct episodes of construction and utilization. These two
features were labeled 25A and 258. Excavation determined that

Feature 25A was the most recent as it intruded into Feature 25B

(Figure 23).

Both features were located in compact pebbly sand under 5-l.

cm of aeolian sand. As revealed at level 1, Feature 25B is a
roughly circular area of loosely-articulated fire-cracked rock

situated in a matrix of mottled tan sand, ash, and carbonaceous
soil and measures 1.5 m N/S by 1.6 m E/W. Its southern extent

was disturbed by Feature 25A, a circular area of moderately dark
carbonaceous soil and ash which measures approximately 0.J m N/S

and 0.8 m E/W. A much lower density of fire-cracked rocK was 6

present within Feature 25A than Feature 258. Both features were

disturbed at the south side by the excavation of Trench 14.

Excavation proceeded by removal of the fill of the western

half of each feature, leaving a north/south profile. A second
profile was cut along an east/west axis parallel to the edge of

Trench 14. In both profiles Feature 25A was observed as a semi-
rectangular pit which had been excavated through Feature 25B and

the underlying compact pebbly sand to a depth of 25 cm. Two
strata were present within the pit fill. In the central area of

the pit, the upper 15 cm of fill consisted of mottled tan sand,

carbonaceous soil, and ash nodules. Surrounding this deposit and

lining the walls and base of the pit was a second deposit of very
dark carbonaceous soil and charcoal averaging 7-1U cm in depth.

Little fire-cracked rock was present in either stratum.

Feature 25B was observed in profile as a shallow-sided basin

constructed 20 cm into the compact pebbly sand horizon. Three

strata were noted within the till of this pit. The upper 10 cm is

a deposit of dark carbonaceous soil and charcoal. Almost all of "-M

tLhe fire-cracked rock for Feature 25B was recovered from this

stratum. A second fill of mottled tan sand and charcoal lired the

waLls and base of the Feature 25B pit. A third deposit of ash and
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charcoal occupied a small area between these two strata.

That two episodes of construction and utilization are

represented by Features 25A and 25B is clearly evident.

Additional episodes of reuse may be indicated by the ditferent %

strata revealed in the two profiles. This factor will be further

discussed later in this section.

The tire-cracked rock composition of both features was

primarily dolomite, although a much higher percentage (20-25.) of

rhyolite was present in these features than the others at Sites 36

and 37. The total fire-cracked rock weight for Feature 25A was 21

kg, of which 4 kg were rhyolite. Feature 25B had a total weight

of 44 kg, 10 kg consisting of rhyolite.

The artifact density in the surrounding excavation unit was

moderate. A groundstone mano was recovered from within Feature

25B. Also recovered was a small unidentified brownware ceramic

sherd.

Feature 3b r

Feature 3b was located in the central area of Site 37 at the

coordinates IUSI4W. It was discovered at the base of level 2

under 20 cm of unconsolidated aeolian sand in a random excavation

unit. No indication of the feature was present at the surface.

As defined at level 2, the circular teature measured 1.1 m

NIS and 1.2 m E/W. The fire-cracked rock was well-articulated

although deflated, appearing as a single layer in profiie. No

ring configuration was apparent.

The soil matrix of Feature 3b is a dark deposit of

carbonaceous soil with numerous small flecks of charcoal. Depth

of this deposit is unknown, as budgetary constraints prohibited

excavation beyond level 2. The fire-cracked rock is small in size

and is moderately fractured. Estimated weight of the fire-cracked

rock is 57.5 kg.

Fifty-five artifacts were recovered from the random

excavation unit encompassing the feature, making it one of the

higher artiACt densities at Site 31. No groundstone or corimics

were recovered." ""

Feat ure 444

Feature 44 was initially detected in the west profile of

Trench 31. Time constraints prohibited a complete excavation ot

tllis feature, and thus it was defined and mapped only at the

surtace.
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Feature 44 was a deflated and eroded feature consisting of a

single layer of dispersed fire-cracked rock. Although the eastern
1/3 of the feature was removed by the backhoe trench and the
remainder of the feacure is eroded, a ring-shape can be
reconstructed based upon the lower fire-cracked rock density
present in the central area of the tire-cracked rock
concentration. Maximum dimensions of the feature are 1.0 m N/S
and an estimated 1.0 m for the E/W extent.

The soil matrix contained a slightly discolored area of

heat-reduced sand. Any deposits of carbonaceous soil or charcoal
have been eroded. In profile, no pit or basin was evident.

The fire-cracKed rock of Feature 44 is primarily dolomite,
moderately fractured and averaging 5-15 cm in size. Total weight
is estimated at 33.5 kg.

Small Pit Feature

Feature 31

Feature 31 was located in Judgemental unit I1, coordinates
ZN6E, directly to the east of Feature 30 just three m north of
Feature 25. Feature 31 is a shallow basin cut into compact pebbly

sand to a depth of 9 cm. Dimensions of the pit were 0.8 m N/S and
0.8 m E/W, within which a fill of slightly discolored sand and
ash was observed. Heat reduction was noted on the side walls of
the pit. No charcoal was present within the fill, and only two
fire-cracked rocks were recovered during the excavation.

Functional Interpretations of Fire-cracked rock Features

Large Fire-Cracked Rock Features

Fire-cracked rock features comparable to the large features

excavated at Keystone Sites 36 and 37 have been reported from a
number of locations in west Texas and Southern New Mexico (Greer
19bda; Mera 1938; Sayles 1935; Wilson 1930). In the El Paso
region, circular or semicircular fire-cracked rOCK features

similar to the Site 36 and 37 features have been investigated on
alluvial slopes near the Sierra Blanca Mountains southeast ot El
Paso (Skinner et al. 19/4), the Hueco Mountains east of El Paso
(Whalen 19//:1oU-ioi; Greer 1968b:lil-115), and alluvial slopes ot '
the eastern FranKlin Mountains (Aten 1972; Hard 196J:15-37;
O'Laughlin 1919).

Other large accumulations of fire-cracked rock have been
identified in the Guadalupe Mountains and tne Trans-Pecos area of
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west Texas and southeastern New Mexico (Applegarth 19/L; Katz and

Katz L981:2033-,U7; Henderson 197b:47-5L; Marmaduke 1916). These
reaLures are signiticantly more extensive and of greater depth
than the Site 3b and J/ features, with numerous examples having
horizontal dimensions of up to 20 m in diameter.

In the immediate Keystone area, large fire-cracked rock
features are present at Site 32 (Fields and Girard 198J:9b) and

Sites 33 and 34 (u'Laughlin 1960:1-IU8). Discounting the
dir-erent degrees of disturbance affecting the features at these

sites, the majority are quite similar to the Site 36 and 37 large
fire-cracked rock features in terms of size and material
composition, particularly those located at Site 32. However,
significant variation exists among the feature rock weights

calculated during the three separate Keystone projects at Site 32,
Sites 33/34 and Sites 36/31.

Existing data alLow an interesting comparison among Sites -2,

36, 37, Sites 33 and 34. Although Fields and Girard (1983) do not
give much attention to the differentiation between large and small

fire-cracked rock features at Site 32 (presumably due to the
extensive disturbance and dispersal of fire-cracked rock features
at that site), two features, 21 and 32, may be identified as large
fire-cracked rock features. The total weights of these two

features (17.6 kg and 414.7 kg) are comparable to those at Sites
Jb and 37. The Site 33 and 34 large fire-cracked rock features,
however, are characterized by much greater total weights, with
Features 2 and j at Site 33 and Feature 1 at Site 34 estimated at

2755 kg, 13215 kg, and 2013 kg respectively.

in their detailed functional interpretations of large tire-

cracked rock features at Keystone Sites 33 and 34 and the Castner
heights Sites, O'Laughlin (198U:104-108) and Hard k1983:45-52)
interpret such features as specialized roasting pits for the

processing of the leaf succulents lechuguilla (Agave), and Sotol
(Daslirion wheeler!). Their analyses are based upon

archeological, distrioutional, and ethnographic data.

Both O'Laughlin (1980:105-108) and Hard (45) reiterate the
positions proffered by Sayles (1935), Wilson (19AU) and Mera

0938) that the large, doughnut-shaped fire-cracked rock features,
referred to as mescal pits and sotol pits, which they excavated in
west Texas and southern New Mexico, have distributions following
tliat of sotol (asylirion spp.) and are specialized roasting pits
for the processing of these succulents. Mera (19J8) also notes
the possinility of agave (Agave spp.) roasting, and Hard (193b:49)

and o'Laughlin and Greiser (1973) suggest the possibility that
Yucca eliaa was also processed in rock features.

In tne El Paso area, all of the known large tire-cracked
t(,atures (Skinner et al. 1974; Greer 19oSb; Whalen 19/i; Aten
19/2; Hard 1963, this study) are located near plant communities
w i,:lh include sotol and/or anothier leat succulent variety, A _Ve
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lecheguilla.

As for the Keystone area, the location or Sites J6 and 3/ in

the upper Bajada vegetation zone correlates the distribution of

the Large fire-cracKed rock features of these sites witn local

communities of leaf succulents, in this case lechuguilla.
However, Sites 3J and 34 are not situated in the upper Bajada.

zone. Although AppLegarth (1976) found no direct correlation
between large fire-cracked rock middens and permanent water

sources in the Guadalupe Mountains, permanent water is a

criterion in the selection of agave roasting sites among the
Mescaiero Apache (Carmichael, unpublished field notes). This
factor may also be operative at Keystone Sites 33 and 34;

U'Laughlin (1960:105) states that the presence of the Rio Grande

may have influenced the location of these sites.

Hard (1983:45-49) and O'Laughlin (198U:105-107) review a
number of ethnographic accounts on the pit roasting of the leaves, . ?

roots, and hearts of leaf succulents by such Indian groups as the
Diegueno of California (Castetter et al. 1933), Mescalero and

Chiricahua Apache (Basehart 1974; Castetter et al. 1936), and
Tarahumara of northern Mexico (Bye et al. 1975; Pennington, 19o3,

1969). Tne Mescalero, Chiricahua, and Tarahumara occupy arid or
semiarid regions bordering the El Paso area, and the ethnographic

accounts of these groups often describe the processing of various
Agave, Dasylirion, and Yucca species in roasting pits similar to

the large fire-cracked features encountered in the El Paso area

(O'Laughlin 1960:1U5-u6; Hard 198a:45-49).

Similar interpretations have been proposed by investigators
working in the Guadalupe Mountains and the Trans-Pecos regions

(Henderson 1974; Katz and Katz 1961; Marmaduke 1978). In the
Guadalupe Mountains, extensive accumulations of fire-cracked rock

follow the distributions of Agave and Dasylirion. Basehart
(1974:49-51) notes that the Mescalero Apache were known to have

come to the Guadalupe Hountains to process agave.

From tne preceeding discussion, it is evident that there is a

general agreement that large fire-cracked rock features were
utilized for the roasting of various leaf succulents. Evidence

from Keystone Sites 36 and 3/ will now be reviewed in light of the

interpretations offered by other investigators.

Tne presence of large fire-cracked rock features at Sites 3b
ald J/ occur in the general vicinity of the natural distribution

of lechuguilLa. Although an important factor, this distributional
pattern alone cannot substantiate the proposed utilization of

these plants. Conclusive evidence depends upon the recovery ot

tsus species from cultural deposits within tne fire-cracked rock -

features. Small amounts ot carbonized Leaf succulents liave been
recovc ,d trom Features 2 and 3 at Keystone Site 3J (U'Laughlin

[9ou:79, 1U) and some features at the Castner Heights sites

(Holloway in Hird, 1t98:i). one of the primary objectives SLated
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in the research design for the Keystone Site b/3/ project was a

concerted attempt to recover botanical and pollen samples from the

cultural deposits within fire-cracked rock features. The results
i of the anialyses of pollen and flotation samples trom the Site 30

and 3/ large fire-cracked rock features provide tentative support

for the view that leaf succulents were processed in them. One

example of a fiber resembling agave was recovered from Feature u%

at Site jo (see Chapter 12). In addition, on the basis of the

results of soil phosphorous Appendix 1) it is possible to rule
out the roasting of rodents as an alternative cf. Rice and
Dobbins t96[) L'

Tne majority of fire-cracked rock features at Sites jo and 37

were completely excavated, providing more detailed information on

their shape and construction attributes than was available Irom

the Limited excavations at Sites 33 and 34. The body of data

available on the Site 36 and 37 large fire-cracked rocK teatures

allows for comparisons with the characteristics of roasting pits

reported in the ethnographic literature.

Among the large fire-cracked rock features subjected to a

lesser degree of disturbance and erosion, thus retaining more or

their original configurations, some evidence of a domed
configuration is apparent. Furthermore, evidence of a pit or

basin construction can be seen in the profiles bisecting a number

of large fire-cracked rock features (e.g., Figures 14, 2U).

Such data mirrors the accounts of roasting pit construction
reported in the ethnographic literature. The construction ot
roasting pits involved the digging of a pit which was lined with

rocK, heating the rocks with a large fire, and placing the leaf

succulents over a layer of grass or pine needles upon the heated

, rocks. In the Keystone area, it is likely that mesquite, reeds

and grass were the primary materials used, although the presence
of small juniper scales in charcoal from the features may indicate

the inclusion of evergreen twigs analogous to pine needles in
1ethnographic accounts (see evidence on botanical remains in

Chapter 12). A layer of rocks and/or soil was then placed over

tne Leaf succulents (Basenart 19/4:51; Castter et al. 1936:32;

Pennington 19b3:i29). After a period of one to several days, the
cooked Lea[ succulents were removed.

Many of the Large tire-cracked rock leatures at Sites 3o and

37 appear as flat, single layer concentrations of fire-cracked

rock. it has been stared previously in this chapter that this

configuration may be due to deflation processes. However, these

reatures may be representative of another form of open roasting

*'' pit reported among the Tarahumara of northern Mexico by Pennington

(i9ob3:i3u) and Bye, Burgess, and Trias (1975:8/-68). In this torm

ot roasting pit, a thin layer of grass and pine needles was placed

over I StIgl e Layer of hot stones. Lear succulents and a second

I.iyer of frass, pine needles, or wood branches were then placed
over th. first Layers, and hot stones were pushed into this upper

-""
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layer. The entire roasting pit was situated about a foot below
the ground level.

The reuse and emptying of roasting pits is noted in the

ethnographic accounts of the Diegueno (Castetter et al. 1941).
Mera (1936) and Greer (19b6a) also infer a process of reuse and
emptying of archeological fire-cracked rock features. At Keystone
Site 37, reuse of large fire-cracked rock features may be

suggested in a number of cases, such as Feature 23. Two different
concentrations of fire-cracked rock and cultural deposits were

noted, and carbonaceous soil and fire-cracked rock were present
throughout the 4 x 4 m excavation unit. The extraordinary amount

of artifacts recovered from this excavation unit and the high
degree of tracturing among the fire-cracked rock may be indicative

of multiple use episodes.

The emptying of large fire-cracked rock features is evident

at Feature 3 on Site 37, where large dispersals of fire-cracked
rock surround a ring remnant of the original feature. An emptied

large tire-cracked rock feature has also been noted at the Castner

Heights Site 6U (Hard 1983:2/-29).

Although the utilization of large fire-cracked rock features

as roasting pits for processing of the leaf succulents sotol and
lechuguilla is still not conclusively substantiated, it is

believed that the data from Keystone Sites 36 and 37 further

support the propositions of Hard (1983), O'Laughlin (1960) and
others that this interpretation is most parsimonious.

'1<
Small Fire-cracked Rock Features

Fire-cracked rock features (or hearths) comparable to small

fire-cracked rock features excavated at Keystone Sites 36 and 37
have been identified at numerous locales throughout the El Paso

region (Aten 1972; Hard 1983; Lynn 1976; O'Laughlin 1979, 1980;
O'Laughlin and Greiser 19/3; Quimby and Brock 19bl; Thompson and

Beckett 1979; Whalen 1977, 1978, 198U; Carmichael 1983). These
features have often been found cooccurring at sites with large

fire-cracked rock features, although many have also been reported
as occurring separately or within residential contexts (Whalen

19/7, 19/8; Carmichael 1983).

In the Keystone area, small fire-cracked rock features were

excavated at Sites 29, 32, 33, and 34. Tables 6, 7 and 9 in Fields
and Girard (1983) and Table 9 in O'Laughlin (1980) illustrate the A

morphological variation among small fire-cracked rock features

described during tne other Keystone projects. It can be seen that

fire-cracked rock features at Sites 32, 36 and 37 have very
simiiar morphologies in terms of average size and fire-cracked
rock weight. However, comparisons between these sites and Sites
i3 and 34 snow that tnere is some apparent variation in small

fire-cracked rock feature sizes and weights. The importance of
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this factor will be discussed later in this section.

In the El Paso area, investigators offering interpretations

of the functions of small fire-cracked rock features have
generally viewed them as representing either specialized single

purpose features or as more general, multifunctional features. As
with large fire-cracked features, direct archeological evidence in

the form of associated botanical remains is rare, and thus the

arguments have relied primarily upon artifactual, morphological,

distributional, and ethnographic data. O'Laughlin (1979;

1960:1l1-125), concludes that as with large fire-cracked rock

features, the small fire-cracked rock features at Keystone Sites
29, 33, and 34 and at other sites in the El Paso area are special

purpose facilities utilized for the processing of leaf succulents.

A orief summary of four of his arguments which are pertinent to

the Site 3b and 37 data is provided below:

I) Again consulting the ethnographic literature, O'Laughlin

(1980:118-119, 123-125) contends that the small fire-cracked rock
features at Sites 29, 33, and 34 nave diameters, shapes and other

formal attributes within the range of ethnographically reported
roasting pits but also notes that those within the small category

have much shallower depths. Although ethnographic comparisons are
important to the argument, he states that such an inconsistency in

formal attributes makes functional interpretations based solely
upon ethnographic analogies dubious unless furtheL types of data

are presented.

O'Laughlin (1980:119) sees the size and weight differences

between large and small fire-cracked rock features as resulting
from different degrees of recurrent utilization. Small fire-

cracked rock features are compared to ethnographic accounts of

newly constructed roasting pits being used for the first time, as

opposed to large fire-cracked rock features representing
accumulations of fire-cracked rock and cultural soil deposits

resulting from successive episodes of utilization.

Anotner factor noted by O'Laughlin (1980:121) in a review of

the ethnographic literature is that descriptions are lacking of
small fire-cracked rock features being used as general purpose

facilities.

2) Carbonized remains of leaf succulents have been retrieved
from a small number of nearths in the El Paso area, principally

from the Hueco dolson (Ford 1917) and from Keystone Site Jj

(O'Laughlin 1980:i2l). Although the sample is small, O'Laughlin
slates that the absence of carbonized leaf succulent remains in

the preponderance of small fire-cracked rock features should not
be considered as negative evidence, since the processing of leaf

succulents would not necessarily result in the deposition of

substantial quantities of such carbonized remains.
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3) O'Laughlin (198U:121-122) disputes the interpretations of

Wetterstrom (1978) and Whalen (1977, 1978) that small fire-cracked

rock features are general purpose facilities used for meal

preparation and warmth. If so, they should be widely distributed

throughout the local environment and be frequently associated with

sites where cooking and warming activities were common, such as

residential sites or sites in higher altitudes. In a review of

the distribution of small fire-cracked features through the El I
Paso area, he finas that hearths are rare in the Franklin

Mountains (Way, n.d. in O'Laughlin 1980:121), absent at many

excavated lowland residential sites in the region, and generally

lack a distribution which correlates their proposed function as
general use facilities.

4) The distribution of small fire-cracked rock features

covaries with the distribution of leaf succulent plant communities
(O'Laughlin 1980:122-123).

Functional interpretations of small fire-cracked rock

features contrary to those of O'Laughlin have been proposed by
Whalen (19/7, 1976, 1960), Wetterstrom (198U), and Hard (n.d. in

O'Laughlin 1980:12U).

Whalen (1977:164) considers small hearths with burned caliche

and small fire-cracked rock features, both termed "small campfire-

sized hearths", as general purpose constructions utilized for a

number of daily activities. His arguments are based upon

criteria of their distribution within sites and throughout the

Hueco Bolson, artifact associations, and their similarity in

formal attributes through time.

Unlike O'Laughlin, Whalen (1977:21,164) sees a broad

distribution of small fire-cracked rock features throughout

numerous environmental zones and site contexts. In the Hueco

Bolson, small fire-cracked rock features occur frequently at

different types of sites, including examples which he has

characterized as special activity or residential (Whalen

1971:21,1b4; 1976). Similar distributions were noted by

Carmichael (1983a) in the Tularosa Basin.

From an analysis of artifact collections from large and small

fire-cracked rock features Whalen supports his interpretation with

the observation that ceramics, lithics, and groundstone artifacts

are significantly more numerous in association with small fire-
cracked rock features (Whalen 1977:164, Taole BI) than across

sites generally.

FinaLly, in a later study Whalen (1980:2b) notes that hearth

attributes of size, shape, and distribution show little variation V
through time, indicating some consistency in heartn function

through successive periods of differing subsistence patterns and %

strategies. U]
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In an anai ys . ;k ot boLtn i: aI rvmni 'is t rum smaLd tire-cracked

rock teatures in time ttueco Boison, Wetterstrom (1960:26) views the
paucity ot hearLh asiociat,Id, carbonized Iedt succulent rema ins as.

,

negating tne utitiztiLon ot smalL tire-cracked rock features for
tLfe processtig ot such plants. She interprets a patLern ot

generalized use, primarily a tunction ot domestic cooking and body -
warntr, based upon tne recovery ot seeds trom a number ot plant

species in small hearths.

Hard (n.d. in O'Laughlin 1960:12U; 1963) takes a position

between those of u'Laughlin and Whalen. Using ethnograpnlic data,
he contends that small fire-cracked rock features weighing over 13

kg and having dimensions greater than one meter were functionally
equivalent to large tire-cracked rock features in the processing

of leaf succulents. Small fire-cracked rock teatures with lower
weights and smaller sizes are the equivalent of Whalen's
"campfire-sized hearths" and were general purpose facilities used

for domestic cooking and body warmth.

It is clear from the preceeding discussion that the function
of small fire-cracked rock features has not been conclusively

determined and that existing data which could support a conclusive
interpretation, especially hearth associated botanical remains, is

sparse. Previous investigations in the Keystone area have added
some dimension to tne debate, primarily O'Laughlin's report on 6

Keystone Sites 29, 33, and 34. In the Keystone Site 32 report,
Fields and Girard (1963:12-12) lean towards O'Laughlin's

arguments, although they also note that the insufficient data
existing on small fire-cracked rock features precludes a definite

assessment of their function. However, their discussion is a
rather brief comparison of the views held by O'Laughlin and Wnalen

and contains little reference to the archeological record of Site

32.

Sites 3b and 3/ are the most intensively studied sites in the

Keystone area, and the excavations have provided some additional
insight into the possible functions of small fire-cracked rock

features. Much of the debate over the function of small fire-

cracked rock features is centered around the significance of the

botanical remains recovered from a small sample of hearths and the
otherwise general absence of significant botanical remains trom

the majority of small fire-cracked rock features in the El Paso

region. The positions of O'Laughlin, Whalen and Wetterstrom have
been summarized above, and will not te repeated here. However, it
should be noted that the results of botanical analyses at Sites 36

and 31 also bear on the issue. Agave fibers were rare but were
recovered only from a large fire-cracked rock feature. In

contrast, several smalL hearths contained cheno-ams which may have

been processed in the smaller features (see Chapter 12).

Intrasite data on the spatial distribution, comparative
morphology, and associated arLitacts of fire-cracked rock features

at Keystone Sites 36 and 37 is also informative. The relatively
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large sample of well-documented and well-preserved tire-cracked .

rock features and information on their distributions relative to
pit structures add a new dimension to analogous etnnographic
accounts of roasting pit construction and usage.

First of all, it should be reiterated that there are definite

morphological differences between large and small fire-cracked
rock features in terms of size, depth, and weight (see Figures 12 S .5

and 13). This pattern has also been identified among the fire-

cracked rock features at the Castner Heights Sites on the east
slope of the Franklin Mountains, where Hard (1983:51, Figure 18),
although using fire-cracked rock number as a variable rather than
our variable of fire-cracked rock weight, has found a definite
separation between the two types of features. raving

identified the morphological distinction between large and small
fire-cracked rock features, a consideration of the overall
configurations of the examples retaining most of their original
snape is important in light of ethnographic comparisons between
large and small features.

That large fire-cracked rock features at Sites jb and 3/ and
other sites in the El Paso region resemble the ethnographically
documented roasting pits has been established in the previous

section. A number of well-preserved small fire-cracked rock
features, however, do not resemble better-preserved examples of
large fire-cracked rock features, or ethnographic examples of .' .
tnem, and thus do not support O'Laugnlin's (1980:118-125)
contention that the two feature types represent the same task-
specific function.

Feature 22 at Site 37 is particularly notable. This small, %

ring-shaped feature (Figure 22) does not resemble the

ethnographicalLy reported roasting pits, and it is difficult to
envision a substantial amount of leaf succulents being processed
within this feature, especiaily in the manner described by the
ethnographic accounts (Basehart 1974; Castetter et al. 1938; Bye .b-

et dl. 1975; Pennington 1963, 19b9). The location of a chalcedony

core within and a chert drill atop the feature is another factor
which argues against a roasting function for Feature 22. A
general purpose domestic hearth is a more likely function.

A number of otter smatl fire-cracked rock features at Sitest and $1 are notable since their profiles reveal few rocks in the

Lower and central portions of the feature fill (see Figures 21 and
23). Such an appearance does not correlate well with the flat and
bottom-lined rock constructions of tne ethnographically reported
roasting pits.

Data from Sites io and 3/ do not support the proposition that

smalL tire-cracked rock features may be first-use facilities and
that large tire-cracked rock features are accumulations resulting

from emptying and recurrent use of small features. Except for the
problematical Feature 23 at Site 37, profile and plan view
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configurations of large fire-cracked rock features at Sites 36 anid
37 show no evidence of having resulted from the successive reuse
of a number of small teatures. The profiles show single episode
construction and plan views demonstrate a relatively homogeneous
clustering of fire-cracked rock. These characteristics support
the suggestion that most Site 36 and 37 large fire-cracked rock
features were constructed in a single episode, not by
accumulation. It follows that the probability of small fire-
cracked rock features being large features in-the-making, and,

thus, functionally equivalent, is not great.

Tne argument tor functional differences between the feature
groups is further strengthened by patterns in their spatial
distribution and on associated artifact distributions. At Site 3/,

the discovery of pit structures added a significant variable to a
consideration of the spatial arrangement of large and small fire-

cracked rock features. As discussed in detail in Chapter 10, a
significantly closer association exists between small fire-cracked

rock features and pit structures than large fire-cracked rock
features and pit structures, implying a more general, domestic

function for the small features (see also Chapter 9, Table 24).
Large tire-cracked rock features average about 36 m from the

nearest pit structures. The distance is significantly different
than the 17 m recorded for the smaller features of probable

domestic origin.

Whalen (19/7:1o4) discussed an apparent dichotomy between the
range and number of artifacts associated with large and small
fire-cracked rock features in the Hueco Bolson and inferred from

this pattern a multiple use function for the small features. His
brief analysis has been questioned by Fields and Girard
([963:123), but the basis for their disagreement is not presented.

Observations at Keystone Sites 36 and 3i on the range and number
of artifacts and tool types recovered from areas 3urrounding large
and small fire-cracked rock features support Whalen's findings.

A multivariate cluster analysis undertaken on the entire
Lithic assemblages of the two sites provided additionat

corroborating evidence (see also Chapter I0). At Site 37, the
distribution of secondary flakes, tertiary flakes, and cores is
mainly restricted to tne area containing pit structures and small
tire-cracked rock features. Primary flakes are distributed mainly

around large tire-cracked rock features. It can be suggested that
different activities were tdking place in areas around pit

structures and small fire-cracked rock features than were common
at large fire-cracked rock teatures (see Chapter 10 Figures )t-

[he nearly exclusive distribution of pruaary tiakes around

large fire-cracked rock features may be indicative of tunctionally
specitic utilization of the features. Inc initial processing ot
leaf succulents and litnic raw materials (primary core reduction)
apparently occurred simultaneousLy around the large tire-cracked

138

-,4 W r% v

Vi 
-.



feaLures. Thus, the absence of primary flake concentrations and
the presence of cores and tertiary flakes around small fire-
cracked rock features, is evidence against their representing the
same task-specitic function as the large features.

Having reviewed the intrasite data on small fire-cracked rock
features at Keystone Sites 36 and 37, the broader implications of
this data as it relates to patterns identified at other sites can
now be addressed. Of primary interest is the spatial patterning
of large and small fire-cracked rock features and pit structures
observed at Site 37. Figure 36 (Chapter 1U) illustrates that most
large fire-cracked rock features are located around the periphery
of Site 37 and as previously noted, they are more distant from pit
structures than are the small features. This arrangement is
manifested on other sites in the El Paso area at which large and
small fire-cracked rock features and residential structures have
been identified (O'Laughlin 1980; Whalen 1977, 1978, 1979).

At Sites 132 and 139 in the Hueco Bolson, Whalen (1971:3;
1979:349) reported a pattern where large to medium-sized "ring
midden" roasting pits were distributed at irregular intervals
around the periphery of the sites, separated from a number of
housenold/small hearth clusters in the central regions of these
sites. The implication is differential patterning of general,
individualized activities from specialized communal activities at
the large features around the periphery.

Another pertinent factor is the relative proportions of small
to large fire-cracked rock features. At all sites where both have
been identified Fields and Girard 1963; Hard 1983; O'Laughlin
1919, 1960; O'Laughlin and Greiser, 1973; Whalen 1977, 1978, 1979)
the ratio of small to large features is high, ranging from 2:1 to
10:1. Such frequency differentiation can be interpreted as
representing different functions for small and large fire-cracked
rock (or burned caliche) features. At sites with fire-cracked
rock features, and especially at residential sites such as
Keystone 33 and 37 and Hueco Bolson Sites 132 and 739 (Whalen
1977:3, 19/9:345-358), the less frequently encountered large
features may have served as special function facilities utilized
by a number of families or social groups who resided at those
sites. Whalen (1977:3; 1979:349) has implied communal usage by
groups larger than a single household (in his view a single
household is comprised of a nuclear family) for the large tire-
cracked rock or burned caiiche hearths at Sites 132 and /39. Both
he (personal communication 8/82) and O'Laughlin (1980:124)
envision the possibility that large fire-cracked rock features
located on the fringes and alluvial terraces of the Franklin and
Hueco Mountains were also used by task groups composed of several
families or social groups.

Thus, in the preceeding scenario, small fire-cracked rock

features located nearer to residential structures would represent
single family use, and it follows that the implications or this
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pattern indicate a domestic, general purpose function. O'Laughlin,

(1980:124) however, maintains his position that the small fire-
cracKed rock features were used for the processing of small
amounts of leaf succulents but by small social groups similar in
SiZe to a single household although possibly difterent in

composition (i.e., nuclear family vs. extended family).

In the opinion of the authors, the possibility of these two
patterns operating simultaneously within a particular site is not
viable. Furthermore, it seems unreasonable that the labor
investment required for the construction of large roasting pits
and processing of leaf succulents would be continually replicated
at a smaller scale.

A final concern involves the overall distribution of small

fire-cracked rock teatures throughout the El Paso region. As with
other sites in the Keystone area, Sites 3b and 3/ are located

within the natural distribution of the leaf succulents sotol and
lecnuguiLla. The small fire-cracked rock features located at

other sites near the Franklin or Hueco Mountain alluvial terraces
also covary with the distribution of these leaf succulents.

However, numerous small features, incorporating either rock or
burned caliche, have been found throughout the Hueco Bolson

(Whalen, 1977, 1978, 1980) and Tularosa Basin (Eidenbach and
Wimberly 1980; Carmichael 1983a) in environmental zones where

sotol and lechuguilla are absent.

Fire-cracked rock hearths and burned calicrie hearths have
been determined to be equivalent facilities (O'Laughlin 1980:123;
Whalen 1980), the variation in the types of materials (rock vs

caliche) used in their construction relating to their distance or
proximity to rock and caliche sources (Carmichaei 1983a). Since

there is no apparent functional difference between these two forms
of small features, O'Laughlin (1980:123-125) contends that their

distance from plant communities including sotol and lechuguilla
can be explained by their distribution within a different

environmental zone characterized by the occurrence of Yucca elata.
He suggests that small fire-cracked rock features and burned

caliche hearths in these basin areas thus served the same function
as their counterparts near local mountain regions - the processing h
of leaf succulents, but with Yucca elata instead of sotol and
lechuguiLla as the utilized food source.

This argument is not well supported by ethnographic evidence
for the region since Yucca elata is noted as being roasted
relatively rarely. it also runs counter to botanical evidence in

the desert basin areas for the processing o a variety of seeds

(Ford 1977; Wetterstrom 1978; Brethauer 1918). it is certainly
possible that yucca was occasionalty roasted but it seems unlikely

that such activities could account for all of the hearths on the
more than 5000 sites reported (from all time periods) in the

southern Tularosa Basin (Carmichael 1983a).
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In SuLImaLiOn, tLi da trom Keystone Sites Jo ,nd 3/ support

a conclusion that ,i.rge tire-cracked rock teatures and small fire-
cracked rock feIt ,k, r epresell ditte r,-t tunc t ions:

1) There are octinite and consistently identified
morphological dirter o ecus in size, shape, depth, weight, and
overall conriguration.

2) Tile better-preserved smalt tire-cracked rock features do
not have formal attributes resembling ethnographically reported
roasting pits, and the absence of ethnographic descriptions of
small, general purpose hearths is not a strong argument for their
suggested absence in the prehistoric record. Maso, small fire-

cracked rock feature-, appear not to be the initial stages of a
feature which by reuse would become a large fire-cracked rock
feature.

3) Cluster analysis of artifacts indicates difrerent
activities occurring near the two types of fire-cracked rock
features.

4) Small tirc-cracked rock features are located closer to
pit structures than are large fire-cracked rock features. The
large features have location peripheral to residential clusters,
and there is a higher proportion of small features than large
features throughout sites in the EL Paso region. These factors
indicate a more general use for small features, possibly by
individual houseioLds or families, and a task-specitic and
possibly communal utilization of large features.

5) Distribution ot small fire-cracked rock features

througaout alluvial mountain slopes and basin areas does not
follow consistently tLhe distribution of soto I and lechuguilia.
Strong arguments have not yet been presented in support of the
view that roasting yucca produced significant proportions ot the
hearths recorded on desert basin floors.

These patterns support Whalen's (197/, 1976, 1979) contention

that small fire-cracked rock features and burned caliche hearths
are general purpose facilities. Unfortunately, the conclusive

botanical evidence is tacking, and so the argument still cannot be
settled with total certainty. [L is felt however, that the
evidence from Sites 36 and 37 have provided a significant weight
to tne proposition that small and large fire-cracked rock features
are the remains of tanctionally distinct facilities.
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CHAPTER 6

FEATURE DESCRIPTIONS AND ANALYSIS: PIT STRUCTURES

by Myles MiiLer, David Carmichael and Mary Sullivan

introduction

One of the more remarkable results of this project was the

discovery of a series of shallow pit structures at Keystone Site
JI. Since tae site had originally been recorded as an ephemeral
processing camp, the structures were completely unexpected.
Furthermore, they differ from other small structures reported trom
the region in that more had been burned; they were detected during
the final weeks of Pnase I excavations, only after the profiles in
trenches 8 and 12 had dried thoroughly. An investigation of two
basin-shaped stratigraphic irregularities in these trenches
revealed the structural nature of the features. The appearance of
Feature 29 in profile, prior to excavation, is shown in Plates I
and 2. A similar view of Feature 35 is seen in Plate 3. Plate 4
shows the result of Phase I excavations in Feature 29 and provides
a good example of the general characteristics of the structures at
Site 3/.

Subsequent Phase 1i trenching and hand excavation located 23
additional possible structures. Of this total only a sample was
excavated and at least lb of tne irregularities can now be
identified as pit structures. Many of the remainder are probably
structures as well, but, some appear to be too small and straight-
sided to be comparable to the documented structures. It is
possible tnat some of the smaller pits may represent storage
facilities like those reported by Del Bene and Rorax (1964) near
Mescalero, N.M., but the excavations produced no evidence of a
storage function and some of the irregularities remain enigmatic.

All of the structures investigated at Site 37 were located

in the northwestern area of the site. A second examination of the
Phase I trenches placed throughout the site found no further
structures, and the final backhoe scraping located only one.
Considering the clustered distribution of the structures, the

degree of testing accomplished, and the rationale behind the
testing procedures (Chapter 4), it is felt that all, or nearly
all, of the pit structures existing at Site 37 were exposed and
recorded.

No pit structures were found during the examination of test
trenches at Site 3t, a fact which may seem surprising given the
general similarities between the sites. It might be suggested
that, due to ditferences in site size, fewer structures may have

existed on Site 36, resultLng in a reduced probability of
identifying them during testing. While this possibility can not
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1l i e W. est prof le of Trench1 12, Site 37, showing the

f -irst indication-, of a pit structure (Feature 29)
prior to eXCavat ion Nourth1 arrow is one meter long.
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be completely ruled out, there are several details regarding the

excavation of Site 3b which suggest that structure identification

was not affected by problems of sample size.

First, it should be noted that a proportionately greater area

ot Site 3b was tested by trenching than was the case at Site 37.

Using the formulae presented in Chapter 4 in order to account for S-

the edge effect in transect sampling, tLe estimated sample

fraction (ESF) was calculated for each site. Trenching at Site 30

provided a subsurtace sample of l9/, as compared to only 14/ at

Site 37. Thus, if structures existed in similar densities at both

sites, their probability or identification would be greater at

Site 3o. Even if they occurred in reduced frequency at Site 36,
tie larger sample should have ameliorated much of the problem.

In addition to trenching, approximately 6% of Site 36 was

scraped down to the carbonate horizon (see Figure 5). At Site 31l,

the pebbly sand stratum was relatively thick and not all of the

structures reached caliche. At Site 36, however, the carbonate

zone was considerably more indurated and closer to the presumed
living surface. if there were to be any differences in the

indication of potential structures at the two sites, features

would be more likely to leave depressions in the carbonate horizon

at Site 36. The identification of several features, but no

structures, excavated into caliche at the site supports the view

that structures are in fact lacking.

A third line of evidence for a lack of structures at Site 36

was provided by subsequent CRMD excavations at Keystone Site 35

(Stuart 1964). Site 35 is merely an eastward extension of Site 36

and it could have been possible that any structures were

concentrated in areas east of the right-of-way. Backhoe

exploration was also carried out at Site 35, with the trenches
providing an 16/ subsurface sample. Finally, by the time CRMD

crews were working at Site 35, Corps construction of the diversion

channel through Site 36 was well underway. iThe channel provided A

cut approximately 20 m wide through the main area of the site.

'tile sidewall profiles were checked and, altnough subsurface

cultural remains were ocassionally noted, no structures were
observed.

This discussion serves to note that aitnough the presence ot

pit structures at Site 36 can not be entirely ruled out, it seems

unlikely that such features could have been completely overlooked

at one site while being clearly in evidence at the other. Tht

ditterentiaL occurrence of pit structures is important because it

implies some differences in on-site behavior, related mainly
Levels of mobility. This issue will be addressed at length lait'r-

but suttice it to note that the lack ot residential structures

provided tie ftirst evidence that Site 30 may have t MnC L iO0led as a

shorter-term Logistic camp.
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mhis chapter provides information on tile form, dlstribution,
artifact associations and dating of the Site 3/ structures. Also
included is a discussion covering the problems or identification.
and excavation confronted during the investigations ot the
structures, as well as the excavation tectniques employed to

overcome sucn problems. Primary emphasis, however, is given to
detailed architectural descriptions.

The unexpected discovery of these pit structures has added
another dimension to the study of ephemeral residential
occupations and mobility strategies in the Keystone area and Ei

Paso region. In the latter part of the chapter the Site 37 pit
structures are compared to residential strucLures excavated at

other sites in the region, and implications relating to the nature

ot ephemeral residence in the El Paso region are addressed.

Excavation Problems and Techniques

As previously noted, the first two pit structures discovered I.
at Site 37 were found in the dried prof ile walis of two Phase I

test trenches. All but one of the additional 23 features were

located during the Phase I placement of nine I by 1( meter test
trenches in the area where the first structures were situated.

The rationale for the placement of these trenches has been
reviewed in Chapters 4 and b, and will noL be repeated here. Une
pit structure, Feature 7U, was found during the backhoe scraping r
undertaken on the final day of the project.

The Site 37 pit structures are ephemeral and lack many of
the formal attributes characterizing long-term residential

structures. This factor, along with the nature of the soils and
post-depositional processes present at Site 3/, created a number

ot problems in identifying them. The main difficulty encountered
during the identification of the structures was tle subtlety of

the feature boundaries in the sandy soils. The pit structures
were backtilled naturally with materials decived from, and very

similar to, the surrounding alluvial pebbly sand horizon. The
presence of any moisture within these soils effectively conceals

their identity. Color and textural differences resulting from
ditterential grain size or degrees of compaction ot the aeolian

deposits within and outside of the structures could therefore only
be discerned atter the profiles had dried ror a period of several

days (Plates 1, 2).

Another problem was that il many cases tl inrerrace between

stricture walls or floors and the surrounding natural soils had
been obscured by rOOL and rodent disturbances and water

percolation through the soils. in such cases the structure
boundtries were located by inLerpolation from existing boundaries

and by noting compaction differences. These slight compaction
difterences were detected by inserting the point ot a trowel ' to

) m into the till and cutting across the tiLI until a slight
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resistance was felt. The utility ot this technique will be

further discussed later in this section.

Time and contractual constraints prohibited the complete

excavation of all pit structures, and thus three levels of
investigation were undertaken. Basic architectural data on size, .0.
shape, depth, and post socket arrangement was recorded for all
stfuctures. Six structures, Features 29, 39, 40, 52, 5), and 70

were completely excavated. Features 35, 41, 45, 50, 51, 54, 59,
and b0 were partially excavated, usually by removing the fill from
one side of the trench contacting the feature. The remaining nine
features (3, 42, 49, 5b, 57, 61, 62, 64, and b5) were only

cleared and defined at the surface.

The six structures chosen for complete excavation and the

nine chosen for partial excavation were selected based upon the
following criteria: 1) definite identification as a residential

structure, 2) high artifact density in the surrounding area, 3)
artifacts noted in the fill, 4) superposition of two or more

structures, and 5) to evenly distribute the excavated samples

throughout the area of the site containing structures.

Preliminary clearing operations were undertaken on all pit
structures. Overlying deposits of unconsolidated sand were
removed until the compact pebbly sand horizon was reached. The

features were then defined at the surface. Surface definitions of
the spatial dimensions and configurations were hindered by the
same identification problems noted for the trench profiles.

However, unlike the trench profiles, no color or textural
differences could be discerned between the soil of the structures

fill and the exterior soils at the surface, whether wet or dry.
Deiineacion of the structure dimensions therefore relied upon

differential soil compaction.

Pit structure boundaries could be discerned by inserting the

point of a troweL 2 to 5 cm into the feature fill and cutting
across the fill with a moderate degree of force until a definite

resistance was noticed. This resistance was, of course, the more
compacted natural aeolian sand deposit surrounding the less

compact, more recent fill of the pit structure. The accuracy of
this technique was repeatedly verified by the fact that the -

surface boundaries established by trowel point cutting almost
invariably matched the pit structure boundaries observed in the

trench profiles. In addition, subsequent excavation of structure
tilt showed that the curvature and size of the structures outlined
at the surface were almost always verified by the subsurface
contiguration determined by the floors and caliche walls of 7%
excavated pit structures. Furthermore, a high degree of
comparabiiity was noted in the identification of feature
boundaries by different excavators.

The shortcomings of this technique were apparent in areas of

disturbance where the soil had been loosened. Roots were

14/
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especially ditticult. Not only was trowel cutting impossible

among the roots, but soil compaction had been disturbed. In such
cases, the pit structure boundaries were estimated. All things
considered, the accuracy of the trowel point cutting technique and
other evidence gives a high confidence that the dimensions and

configurations recorded for the majority of the pit structures are
accurate representations.

Each pit structure was circumscribed by a series of exterior
post sockets. The term post socket is used to denote a hole
whose diameter is not strictly indicative of the post dimensions.

This view derives from the fact that some sockets contained one or
two expended cores or fire-cracked rocks. The artitacts would

presumably function as shims to wedge in posts of considerably
smaller diameter than the sockets. There was no evidence of

charred wood or stained soil which might indicate the size and
location of posts. Identification of the sockets was difficult,

as they could only be detected as small areas of a very slightly
different texture than surrounding soils. Identification was

accomplished through observation of such textural differences and
by probing suspected post sockets with a chaining pin or pin flag.

Once located, their horizontal dimensions were determined by

trowel point cutting and their deptns determined by probing.

For Features 29 and 70, the validity and accuracy of the
post socket arrangement was verified by removing the compact sand
horizon and examining the underlying caliche horizon. It was

found that each original post socket locus had a corresponding 2-5
cm deep depression in the caliche. However, a number of other pit
structures had areas of root and rodent disturbance around their
perimeters. Only a 50-75% success in determining the post socket
arrangement can be claimed for these features.

Interior postholes were easily identified and verified, as
they could be seen in the floors and penetrated into the caliche

bearing soil horizon.

Entrances were located for 12 pit structures. However, they

were very shallow and many are questionable as to whether they are
entrances or areas of disturbance. Some are definite, as trowel

point cutting outlined them as rectangular areas leading from the

boundaries of the pit structures.

Alter clearing and definition, 14 structures were selected

for complete or partial excavation. Excavation of the pit
structure fill proceeded by arbitrary 10 cm levels, with artifacts

provenienced by quadrant (NW, NE, SW, SE). The lower 5 cm of the
fill were caretully excavated by trowel scraping in order to

permit point proveniencing any cultural materials present on the
floors. All soil was screened through 1/4 inch mesh to recover

artitacts, floral or faunal remains, and any roofing materials.
Pollen, soil, and ilotation samples were collected near the floor
of each feature. Additional soil samples were collected from
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within the fill and directly outside the feature. These were used

for later quantitative studies.

Many of the pit structures had been excavated into the

carbonate horizon, and determination of the floor or base of these

structures was relatively easy. Excavation proceeded more slowly

for those which were dug into the compact pebbly sand. For these

structures, the base was initially estimated by probing and this

was checked against the feature depth observed in the trench

profile. Most of the floors were found to slope upwards towards

the outer boundaries, and thus the trench profiles were useful for
determination of floors only in areas near those trenches. After

probing, careful trowel scraping located the base of the features

by observing slight compaction differences. Some structures had

dried sufficiently for a slight color difference to be noted when

the compact pebbly sand was reached.

Other observations aided in the identification of floors and
the subsurface configuration of the pit structures. Roots were

found to follow the interface between the feature fill and the

surrounding soil both in the side walls and floors. Also, a
change in the sound of the trowel scraping occurred when the more

compact exterior sand was reached.

As with all features excavated during the Keystone Dam

Project, detailed field records were maintained on all facets ot

the excavations. Maps were drawn of all pit structures, recording

all architectural data in plan and profile, and associated
artifacts were point provenienced on the maps. Photographs were

taken of the features during all operations.

Pit Structure Characteristics

Distribution and Dating.

it is clear from Figure 2, that all of the pit structures

present at Keystone Site 31 are located in the northwestern
portion of the site, separate from the Large Fire-Cracked Rock

Features. Within that portion of the site no particular
distribution pattern is apparent and a number of structures are

superimposed upon one other. Feature 51 was constructed over

Feature 5U, FeaLure b4 over Feature 65, Feature 5/ was

superimposed on Feature 62, and Feature 52 was found to be
superimposed over two earlier structures, Features 59 and b3.

Chronologies for the features excavated at Sites 36 and 37
are addressed in Chapter 11. However, a brief review of tne dates
obtained for the Site 37 pit structures will be provided.

Five radiocarbon dates were obtained from charcoal samples
coliected in tiie till of pit structures or near their floors. LL|

should be noted that these samples were not found within any type
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of tormalized hearth, but were recovered from small areas ot
carbonaceous soil located in the fill sands 2 to 3 cm above small
depressions in the caiiche floors, or as in the case of Feature
40, from the pit structure till 10 cm above its base.

The radiocarbon dates obtained from the three pit structures
having sufficient charcoal are as follows:

Feature 40 380+/- 80 A.D. kl/-i/- 80 B.P.)
Feature 35 1000+/-150 A.D. ( 950+/-150 B.P.)
Feature 29 1090+/-130 A.D. ( 80+/-130 B.P.)
Feature 29 1210+/- 90 A.D. ( 740+1- 90 B.P.)
Feature 29 1390+/-100 A.D. ( 5b0+/-100 B.P.)

Except for the aberrant date from Feature 40, the dates for
charcoal from the pit structures fall within the period 1000-1400

A.D. (950-550 B.P.), through the range for the late Early
Formative and Pueblo period. Also notable are the three
internally consistent dates obtained from Feature 29. These dates
furtlier support the 11O-1400 A.D. range of obsidian hydration
dates for Site 37 (See Chapter 11).

Characteristics.

It should be apparent from the preceeding discussion of
excavation techniques that the pit structures located at Site 3/
are ephemeral structures showing little formalization and having

few attributes resembling longer-term residential structures. A
review of the characteristics of the Site 37 pit structures is

thus in order. These characteristics are discussed below under
the headings of surface configuration and till, floors and side
walls, and superstructure.

Surface Contiguration.

Some degree of uniformity is apparent among the horizontal
definitions of the pit structures in that the majority are either
circular or oval in shape. however, most structures show little
symmetry. Some structures, such as Feature 49, are characterized
by a rather amorphous shape which may be due in part to problems
ot definition arising from their being located in areas of root
disturbed soils. Significant variation exists among the sizes of

pit structures. The average diameter is 2.0 m with a range of 1.3
to 3.2 m.

Entrances were suggested for 10 pit struccures. Some degree

of uniformity characterizes such entrances as seven are oriented
towards the north, two to the east, and one to the northeast. One

southeastern entrance is highly questionable. The entrances of

the pit structures were shallow depressions in the compact pebbly

Is
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sand leading from the perimeters ot the structures, and were

determined by trowel point cutting. Their average depth was IU

cm.

Profile Configuration.

In the trench profiles, the pit structures appear as shallow

basin-shaped constructions averaging 35 in depth, although some

were as deep as 5u or more centimeters (Figure 21). All pit

structures had been constructed by digging into the compacL

pebbly sand horizon and Ii were observed to extend into the

underlying caliche horizon. As with the surtace configurations,

there was a wide range of variability among Etle deptns and lengths

of the structures observed in the trench profiles.

The fill of the pit structures was usually a nomogeneous

deposit of very pale brown (IOYR 7/3), compact reworKed alluvial

sand. Evidence of internal stratigraphy was present in only two

structures, Features 45 and 55. In both instances, thin layers of

clean, pebble-free aeolian sand had accumulated on the floor prior

to rurther in-filling by surrounding alluvial sands. Small pebble

inclusions were abundant within the fill in all structures in

amounts roughly equivalent to the natural soils surrounding the %

features. However, an important factor noted during excavation of

the structure fill is that the small pebble inclusions were

significantly more numerous in areas near the side walls of the

pit structures than in the central areas of the pit structure

basins. Since erosional processes would be more likely to deposit

such small pebbles around the side walls within abandoned pit

structures, such evidence further validates their cultural origin.

In an attempt to further document the characteristics of the

pit structures, bulk density analyses were done on soil samples

from inside and outside the structures. 'e procedure involves

the collection ot equal volume samples of bil from the areas to

be compared. The samples are then oven dried at 110O C. for 24

hours and weighed in order to calculate the density.

Unfortunately the results of the bulk density analysis are

inconclusive. We would expect tile samples from the slightly less

compact feature fill to have lower densities but this result is

not always the case. The cause(s) of the inconsistent results aru.

unclear but small sample sizes and similarity of feature tiLl and

the surrounding parent material are likely contributlllg factors.

Tile proveniences of the samples analyzed and the test results are

listed in Appendix Ic. P

III the trench profiles, artifacts and small lenses ot
charcoal were noted with the fill of Features 29, 39, and 55.

Although exterlor post sockets were seldom located in protile,

interior post sockets were clearly seen as areas of compact sand

extending into the caliche horizon.
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The superposition of pit structures was noted by observing
the floors of the features; the floor of an earlier structure
curves upwards to, and is truncated by, the floor of the upper
structure. Within the fill, however, the boundaries between two
structures were indistinct and had to be determined by trowel
point cutting. The relative temporal placement of two
superimposed pit structures was further aided by the
identification of a later structure's post sockets within the fill
of an earlier structure.

Floors and Side Walls.

No formal plastered or use-compacted floors were found among
the Site 17 pit structures. The floors were simply the compact
pebbly sand or caliche horizon into which the structures had been
excavated. The floors were uneven, usually sloping towards the
center of the structures, and some were disturbed by bioturbation.
Those structures having as their floor the caliche horizon were
extremely rough due to the numerous caliche nodules in the soil.

No formal hearths were encountered on the floors. However,
Features 29 and 35 had small 10-20 cm in diameter "fire areas" of
carbonaceous soil and charcoal. These deposits were 2 to 5 cm
tnick and were situated in compact sand 2-3 cm above slight
depressions in the caliche floors. The "fire area" of Feature 35
was located in front of the entrance (Figure 25).

Arguments that formal hearths present in other pit
structures were removed by the backhoe test trenching operations
of Phase II can be ruled out, as such trenching operations were
closely monitored and no charcoal or fire-cracked rock was
observed during the trenching or in any backdirt piles. On the
other hand, it could be argued that other "fire areas" were
present in the pit structures and that these were removed b'y the
backhoe and the small samples of charcoal went unnoticed.

As with the floors, no plastered side walls were present in
any structure. The Site 31 pit structures had walls consisting ot
the natural compact pebbly sand and caliche-bearing soils of the
Site.

Artifacts and fire-cracked rocks were present on the floors

of five structures. Two flakes were found on the floor of Feature
29 neur the "fire area". Feature 35 had fire-cracked rock on the
floor, and Feature 39 had a number of large fire-cracked rocks, an
anvil, and a flake on the floor (Figure 26). A pebble tool was
found on the floor of Feature 40. Feature 55 had fire-cracked
rocks and five flakes on its floor (Figure 30). None of the fire-
cracked rock present on the floor of these structures was
articulated or associated with any form of hearth.
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Superstructure. '.

Ttiau some form of root was erected over the Site 3/ pit
structures is suggested by the presence of both interior and

exterior post sockets. The cultural origin of these post sockets

has been established by a number of factors which will be
discussed below, although as noted previously in this section,
only a 50-75/. accuracy can be claimed for the location and

arrangement of the exterior post sockets.

Eight of the excavated pit structures have from one to tour
interior post holes present in their floors. No standard
arrangement is apparent, although they are generally situated more
often nearer the side walls tnan the central regions of the
structure floors. The post holes generally penetrate into the
caliche zone to an average depth of 10-15 cm, and average 10-15 cm
in diameter. These dimensions could be clearly delineated as all
interior post holes were excavated into the carbonate horizon.

Rodent burrows were also present in some floors. The post
holes were easily differentiated from the rodent burrows through
an examination of the fills and depths of these two features.
Rodent burrows had a dark "mealy" fill composed of soft silty soil
and a high percentage of very small, white pieces of caliche,
while post hole fill was a homogeneous deposit of slightly compact
aeolian sand. Furthermore, the bottom of the post sockets could
be clearly viewed in the hard caliche horizon while rodent burrows
extended well into the caliche.

Exterior post sockets were found surrounding all ot the pit
structures at Site 37. The number of sockets for each feature is
variable, ranging from 11 to 33. This variation is primarily due

to two factors: the wide range of sizes characterizing the
structures and the difficulties in locating and defining sockets
in the sandy soils of Site 37.

Exterior post sockets are small pits, tapering slightly to
their bottoms, and excavated into the compact pebbly sand to an N
average depth of 12 cm and averaging 8-15 cm diameter. Many
sockets had fire-cracked rock or exhausted cores in their side
walls, tunctioning as shims for the posts. Post sockets were also

located around "entrances" when present.

Evidence for the type of materials utilized in construction

of the pit structure roofs at Site 3/ is entirely lacking.
Numerous examples of roofing clay have been found at other sites
in the Keystone area. At Keystone Site 33, O'Laughlin (1980:140-

144) recovered fire-hardened roofing clay from a number or
contexts and houses. A small piece of clay daub and burned adobe
plaster was also found at Keystone Site 32 (Fields and Girard,

982:123). Untortunately, at Site 37 no roofing clay or wood was
recovered from the till, floor, or post sockets of any pit

structures.
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Descriptions of the 25 pit features investigated at Site 37

are given below. Those pit structures which were completely or

partidily excavated are treated in more detail than those which

were only defined at the surface. Descriptions of two

problematical features, 43 and 5-, will be reserved for the end

of this discussion.

Feature 29

Feature 29 is located at the north end of Trench 12 at the

coordinates I/N29W. A 4 by 4 meter judgemental unit was

established around the structure, and thus an idea of the

extramural artifact distribution is available for this pit

structure.

In the trench profile, Feature 29 was observed as a basin-

shaped pit with steep sides excavated through compact pebbly sand

and into the carbonate horizon (Figure 24). Root and rodent

disturbances had mottled the soil on the northwest edge of the

structure. Within the structure was a homogenous fill of slightly

discolored and compact aeolian sand. A small sample of charcoal

was present at the interface of the structure fill and the caliche

horizon in the west profile. Clearing and excavation revealed a

circular pit structure measuring 2.35 m N/S and 2.70 m E/W, with a

maximum depth of 0.40 m. An entrance is located to the east

(Figure 24).

No use-compacted floor was present in the structure, the

floor simply being the caliche substrait. This generally

undulating and rough floor had an upwards slope of 10-20 cm

towards the eastern side wall. Two "fire areas" were located on

the northeastern and northwestern sides of the structure floor,

measuring 4 cm and 40 cm diameter, respectively. These "fire

areas" were dark areas of carbonaceous soil and charcoal situated

2-3 cm above the caliche. A very slight depression was noted in

the calicne under the northeastern "fire area". Eight substantial

C-14 samples were retrieved from these areas.

Four interior post holes averaging 20 cm diameter were found

to be excavated through the floor and into the caliche to a depth

ot 16 cm. Thirty-three exterior post sockets circumscribe the

structure and the entrance. The average diameter for these post

sockets is 15 cm and the average depth is 15 cm. No artifacts or

other cultural materials were found within any ot the post

sockets.

The post socket arrangement for Feature 29 was verified by

removing the compact pebbly sand and examining the caliche

horizon, where depressions in the caliche corresponded to the loci

ot post sockets as originally determined on the surface.
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A high number of artitacts were recovered during the

excavation of the surrounding judgemental unit and fill of the
structure. of interest is the high number of cores and scrapers
found in both excavation units. Within the fill, artifacts were
restricted mainly to the upper 20 cm, although two small flakes
were also found on the floor of the feature near the "fire areas".
A quartzite projectile point base was recovered from the
judgemental unit.

Feature 3)

Feature 35 is located in the center of Trench 8 at the

coordinates 31NJ3.5W. Depth of the feature in profile is 35 cm,
with the floor of the structure extending 20 cm into the caliche

horizon (Figure 25).

The northern half of the structure was excavated; the
southern half only cleared and defined on the surface. It is a

steep-sided, basin-shaped pit structure with dimensions of 2.30 m

N/S and 2.00 m E/W. An entrance is located to the northeast.

The pit structure fill is a homogenous deposit of slightly
compacted aeolian sand, noticeably darker than the surrounding
soils (after drying). Excavation of half of this fill revealed
the structure floor to be the caliche horizon. No use-compacted
floor is present, and the caliche floor is uneven and slopes

upwards towards the northwest pit wall. In the floor near the
entrance is a 5 cm deep depression in the caliche. This shallow

pit has an interior fill of discolored carbonaceous soil and
charcoal, but no fire-cracked rock was present.

No interior post holes are located in the excavated northern
half ot the pit structure. Fourteen probable post sockets
surround the structure, although an unusually soft soil matrix
around the feature made a certain location of these sockets
questionable. One post socket had a fire-cracked rock shim
(Figure 25). Few artifacts were recovered from within the fill.

One large limestone cobble was found on the floor of the structure

in an upright position.

Feature 38 kunexcavated)

FeaLure 38 is located in the center of Trench 9 at the

- coordinates 24N50W. Only half of the structure was outlined at
the surface. Dimensions are estimated at 1.40 m N:' and 1.7o m
E/W. Depth of the fill in profile is 30 cm, and the fill did not
extend into the caliche horizon.

No entrance was detected in the halt of the structure which

was cleared. Eleven exterior post sockets were located. They
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average 15 cm diameter and 12 cm in depth.

Feature 3J9

FeaLure 39 is located in the south end of Trench 9 at the
coordinates 20N52W. This is an unusual structure in that two

periods of occupation or construction may be represented for there

are two structure boundaries evident at the surface (Figure 26).
Post sockets indicated by cross hatching are those which taill

outside the later and deeper floor but within the previously
existing structure. Also important is the presence of a possible

prepared floor in this structure. Artifacts were recorded on a
pebbiy sand surface overlying an irregular pit bottom (Figure 26,

profile B-B').

The eastern third or the feature was removed by Trench 9.

In profile, Feature 39 is a deep pit structure excavated into
compact pebbly sand and the caiiche horizon to a depth of 5/ cm.

Two strata could be discerned within the feature fill. The upper
4. cm is a homogeneous deposit of slightly compact sand 

with a

flat base. Two artifacts were present in profile at this base.
Below this deposit is a 12 cm deep, basin-shaped strata of lighter

and more compact sand.

Excavation of the structure fill revealed evidence of two

construction episodes. An interior pit had been excavated into

the caliche horizon. This pit followed the profile outlines of

the structure and measures 1.50 m N/S. The original eastern
extent of the feature was removed by the trench, and the

measurement from the trench to the west pit structure wall is 1.20
m. Above the structure walls to the west is a caliche "bench",

the floor of a previous structure, into which five post sockets
had been excavated. These post sockets measured 15 cm in diameter

and 8 cm deep. A small flake was also found on this "bench".

Following the outline of the caliche "bench" around the

perimeter of the inner pit structure led to the identification of
the earlier structure. This pit structure measured approximately

1.50 m N/S and 1.65 m E/W. An entrance is located to the north.
Twenty-five exterior post sockets, one ot which contained a rock

shim, surround the structure. The sockets average 15 cm in

diameter and id cm deep.

The floor of the inner pit structure is a compact deposit of

lightly colored sand, very even, and with no interior post holes.

A large rodent burrow was present at the southern edge ot the

floor. A number of cultural materials were recovered from the
floor, including six large fire-cracked rocks and a small chert

flaKe (seen in profile). The fire-cracked rocks were not arranged

in such a way to suggest a formal hearth, but they provide the

most substantial evidence for an interior feature of any of the

strucLures. Of special note is a large dolomite anvil which was

156



C) 0  
0

w %

z
0ow 0!f- 1*

oj

U.uw
41

w0

aa

(A 4-J

/sm -OOO c

\~: 0 ao If~ O~=----~-O 4J
's~P4 Z ~f

(7)0- $4.:

cQ,-d

4,~0
.43,

clUU

159

Ir or



-WII

observed in profile and was situated on tile compact sand floor
(Figure 26, protile B-B'). A number of flakes and a heavily
patinated, corner-notched chert projectile point were recovered
from the fill. Feature 39 is important for it appears to be the
only example of a use-comp3cted floor among all of the structures
at Site j7.

Feature 40

Feature 4u was detected in the southern terminus ot Trench
30 at the coordinates 19N6UW, where the trench profile showed a
basin-shaped pit with a dark fill cut 35 cm into the compact
pebbly sand horizon. Excavation revealed Feature 40 to be an
oval-shaped pit structure measuring 2.0O m N/S and 2.69 m E/W with
an entrance to the north (Figure 27).

The floor of the structure is compact sand with no use-
compacted surface noted. No formal hearth was found on the floor,
nor were any charcoal samples. However, two small samples of
charcoal were recovered from within the fill ca. 10 cm above the
tioor. One small flake was found on the floor near the nortneast

pit wall.

Two interior post holes were found in the northeastern area
of the structure floor. A third circular area in the floor was
found to be a rodent burrow. Twenty-five exterior post sockets
were identified, averaging 18 cm diameter and depth. Two of the
sockers had fire-cracked rock and exhausted core siims.

Feature 41

Feature 41 is located in the southern extent of Trench 30.
lI profile it is a 40 cm deep basin-shaped pit excavated into
compact pebbly sand. Only half of this feature was excavated.

Excavation revealed an oval-shaped pit structure measuring
2.-3 meters N/S and 2./ meters E/W. Entrance is to the north. The
floor of the structure is compact pebbly sand. One interior post
hole and Z4 exterior post sockets were found. Their measurements
are I) cm average diameter and 10 cm average depth.

F4uLuiro 4.2

F',,tLure 42 is an oval-shaped pit structure located in thie
o north r Trnch Wd at the coordinates 29NbUW. No excavation was

d u1t L. ,'n. A high incidence ot rodent burrows and root
disLturhinic made an assessment of the dimensions of this feature
di tIicut, and thus the size is estimated at 1.45 m N/S and 2.oU m
E/ W. No entrance was located. In protile, the structure is a
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basin extending 3U-40 cm deep through the compact pebbly sand and
caiiche horizons. Seventeen exterior post sockets were
determined, averaging lj cm in diameter and 1U cm in depth.

Feature 43

Tnis pit structure is located in the north of Trench 9 at

the coordinates 33N50W. Its function as a residential structure is
highly questionable and it will be discussed at the end of this

section.

Feature 45

Feature 45 was bisected by the western end of Trench 32, and

is located at the coordinates 23N34.8W. As observed in the trench
profile, it is a basin-shaped pit structure constructed 30 cm deep

through compact pebbly sand to the interface of the underlying
caliche horizon (Figure 28).

The southern half of the structure fill was excavated,

revealing that the floor was the interface between the compact
sand and caliche horizons and that the caliche protruded slightly

in the center. No use-compacted surface was noted, nor were there
any interior post holes. Two fire-cracked rock cobbles were
embedded in the pit side walls, and a number of other fire-cracked
rocks were present on the floor near the western side wall. Also

found on the floor were a battered limestone cobble and a small
cobble tool.

On the surface, Feature 45 is an oval structure, slightly

truncated at its eastern edge, and measuring 2.4 m N/S and 1.40 m
E/W. An entrance is located to the north. Twenty-five exterior
post sockets are arranged around the structure perimeter,
averaging 15 cm in diameter and 12 cm in depth. Four of the

sockets had fire-cracked rock shims. Compared to other
structures, a large number of artifacts were recovered from within

the fill, primarily from the upper 20 cm.

Feature 49

Feature 49 is located in the northern term.nus of Trench 3.3

at the coordinates 26N2UW. A large mesquite bush was present near
the northern edge of the structure, with the result that the

entire surface has been root-disturbed and definition of the
structure boundaries was difficult. No excavation was undertaken

on this feature.

The best assessment possible of the structure boundaries

gives a measurement of 1.80 m N/S and 2.30 m E/W. Depth of the
feature in profile is 20 cm, and the pit did not extend into the

I bL
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caliche horizon. Twenty-three possible sockets are arranged

around the pit structure.

Features 50 and 51

These two pit structures are located in the central area of
Trench 33 at the coordinates 20N20W. Examination of the trench
profiles and trowel point cutting determined that Feature 50 was a
later construction which had been superimposed on the earlier
Feature 51 (Figure 29). In the west profile, Feature 50 was

observed as a basin-shaped pit with gently sloping sides which had
been cut 40 cm into the compact pebbly sand horizon. Feature 51

was situated at a slightly higher level, and was 20 cm deep. In
uhe east profile, the two pit structures were separated by a 30centimeter deposit of compact pebbly sand. Also observed in the
east profile was a post hole in the floor of Feature 50.

Excavation of the western half of the two structures found

gently sloping floors of compact pebbly sand in both structures.
No caliche or use-compacted surface was noted. One interior post
hole was present in the floor remnant of each structure, but no
artifacts or "fire areas" were located. Artifacts were also

absent in the fill of both structures.

On the eastern side of Trench 33, the two pit structures
were outlined at the surface. Unfortunately, Feature 50 had been
partially removed on this side by the previous excavation of a
judgemental unit, and its dimensions are questionable. Feature 50
measures 2.20 m N/S and an estimated 1.95 m E/W. Feature 51
measures 1.70 m N/S and 2.0 m E/W. Both structures are circular
in shape and have eatrances leading to the north.

Eighteen post sockets were arranged around Feature 50, of

which two were found to be intrusive into the fill of Feature 51.
Eleven post sockets surrounded Feature 51 (the open circles at the
northwest end of Feature 50 and in the southwest edge of Feature
51, Figure 29). Average diameters and depth of the post sockets
are it cm and 10 cm, respectively.

Features 52, 59, and b3

These three pit structures are also superimposed. They are

located in the nrth of Trench 37 at the coordinates ION25W. In
te east and west profiles of Trench 37, Feature 52 was observed

as a basin-shaped pit with sloping sides cut 50 cm into compact
pebnly sand and caliche (Figure 30). To the north and south of
tnis feature are two other pit structures, Features 59 and 63.
Trowel probing and the presence of Feature 52 post sockets in the

fill of tne other two structures indicate that Feature 52 had been
constructed over Features 59 and b3 at a later time (Figure 30).
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Feature 'Z was completely excavated, revealing a circuidr

pit structure measuring 1.810 m N/S and 2.20 m E/W. No entrance
was detected. The floor of the structure is the caliche horizon
and has a slight slope towards the center. No use-compacted
surface is present, and no artitacts were recovered from the
floor. Two interior post holes are located close together on the
floor and measure ii cm in diameter and 11 cm in depth.

Around the structure perimeter are 15 post sockets averaging
12 cm in diameter and 10 cm deep. Four of the northern sockets
and four of the southern are intrusive into the fill of Features
59 and b3. The easternmost socket contained a fire-cracked rock
shim. Three of the eastern post sockets cut through an unusual
surface consisting of a thin "platey" layer of dark gray
compacted soil possibly composed of clay and ash. The compicted
soil appears to be the result of off-road vehicle traffic since it
occurs only beneath the major trail cutting through the site (see
Figure 6).

Features 59 and 63 were partially excavated on the west side
of Trench 37 and cleared on the east side. Both structures had
been disturbed by the trench and the superposition of Feature 52.
Features 59 and 63 have east/west dimensions of 1.90 m and 2.15 m
respectively. The north/south dimensions can only be estimated
since the construction of Feature 52 had removed substantial
portions of each structure. Probable north/south dimensions are
1.5 m and 1.4 m respectively. No entrance was detected for either
pit structure.

Caliche horizon floors are present in both structures at a
depth of 40 cm for Feature 59 and 35 cm for Feature 63. No use-
compacted surface or artifacts are present, but one post hole
extends through the floor remnant of each structure. The interior
post hole for Feature 59 measures 10 cm in diameter and 10 cm in
depth and the Feature 63 post hole measures 15 cm by 10 cm.

Nine exterior sockets were located for Feature 59 and 10 for
Feature b3. These averaged 15 cm in diameter and 18 cm deep. Two
ot the Feature b3 post sockets penetrated the compacted platey
surface described above.

Feature 53

This feature is located south of Trench 37 at the
coordinates 3N24W. As with Feature 43, this is questionable as a
residential structure and will be discussed at the end of this
section.

Feature 54

The feature is located in the west of Trench 36 at the
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coordinates 5N43W. The northern halt of this structure was U
excavated and the southern hall only cleared and defined at the

surface. This revealed an oval-shaped pit measuring J.2U m N/S

and 2.30 m E/W. A possible entrance is located to the southeast,

although confidence in its determination is very low.

The floor of the structure is the caliche horizon, 30 cm
beLow the surtace and is not use compacted. It was uneven,

sloping upwards towards the pit structure walls and had a number

ot depressions resulting from bioturbation. No interior post

holes were detected but 23 exterior post sockets are arranged

around the perimeter. They average 12 cm in diameter and 15 cm in

depth, and one contained a fire-cracked rock shim. No artifacts

were recovered from the structure floor, although a high

percentage of cores were found around the structure perimeter.

Feature 55

Feature 55 is a pit structure partially bisected by the

western terminus of Trench Jb at the coordinates 6N47W. It is of
interest in that two distinct fill strata were identified within

the pit (Figure 31).

These two strata were not evident in the preliminary
examination of the trench profiles but were first detected during
the outlining of the pit structure boundaries at the surface. Two
oval-shaped boundaries were noted, one located inside the other.
The outside boundary represented the actual shape of the structure
and was defined by a shallow 1-4 cm trowel point cutting. When
the trowel was cut deeper into the fill, a smaller diameter
outline was defined 5 to 10 cm back from the outside boundary.

The trench profile was then reexamined and the two strata
were delineated. It was decided to excavate the southern half of
the structure, thus leaving an inside profile of the pit structure
fill following an axis along the north trench wall and center of
the structure (See Figure 31). A detailed discussion of this
profile and the two fill strata are provided below.

The upper stratum was designated as Fill A and the lower
stratum as Fill B. Fill A was an unconsolidated deposit of pale
brown (IUYR 6/3) sand with a slight moisture retention. No
textural ditferences were noted between this fill and Fill B. The
profile also showed Fill A to be shallow in tne western edge of
the structure, be zoming up to 20 cm deep in the center and at the
eastern edge.

Fill B was a dry, compact deposit or light gray kjUYR 7/2)

sand. Two areas of rodent disturbance were present and had I
deposite-d small amounts or Fill A soiL into Fill B. Fill B had a
uniform depth of 10 cm.
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As observed in the trench profiles, Feature 55 was cut into

compact pebbly sand with the floor of the structure situated 5 - 6
cm above tne caLiche horizon. The boundary between the pit

structure Fill B and the compact pebbly sand horizon, although
slight, was nevertheless definabLe by close observation and trowel
point cutting. Fill B was slightly darker and much more compact.

During excavation of the structure, a relatively large and
varied amount of cultural material was recovered from Fill A.
Approximately 9 kg of limestone and rhyolite fire-cracked rock was

found loose in the fill, along with 51 artifacts including 47
flakes, three cores, and a split cobble. The interface between
Fills A and B was defined through observation of color and
compaction differences. At this interface, a hammerstone, an
exhausted core, and a small charcoal sample were collected.

Fill B was scraped slowly in order to locate and provenience

any artifacts present on the floor. At some areas in the southern
half of the pit caliche protruded to the surface; otnerwise, the

floor was compact pebbly sand. Roots were observed to follow the
contours of the floor and small pebble inclusions were

significantly more numerous in areas near the pit walls than in

the central regions.

These observations indicate two distinct or depositional

periods for the in-filling of Feature 55 and may provide some
insight into the nature of the post-abandonment depositional

processes which affected the pit structures at Site 37. The shape
and contour of Fill A corresponds to blow sand deposition patterns

observed at Site 37 during the windy spring months during which
excavations were in progress. The high percentage of small pebble

inclusions near the walls of the pit structure with a much lower
occurrence in the central regions may indicate erosional processes

which deposited sand and pebbles into the structure from the

surrounding soils above.

Fill B is a natural redeposition or sands and small pebbles.

The high number of artifacts recovered from Fill A probably
reflects later activities occurring near the structure and/or

reworking of some of the soils and cultural materials in the upper
part ot the siratigraphic sequence. It should be noted that-

during the sandstorms of the spring months at Site 37, up to 20 cm
ot aeotian sand were deposited in excavated pit structures which

were le-t uncovered overnight. It can thus be argued that an
abandoned pit structure at Site 3/ could be completely covered

within a very short period after abandonment.

As revealed by tthe completed excavation, Feature 55 is an

oval-shaped pit structure measuring 2.25 m N/S and 1.70 m E/W and
30 cm deep. An eitrance is present leading to the northeast.
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The floor is compact pebbly sand with the caliche horizon

protruding in some areas. Five flakes, a tire-cracked rock spall,
and a cluster of three small limestone rocks were present on the
floor in the southern half of the structure. Two interior post
holes were detected. They measure 15 cm in diameter and extend 12
to 14 cm into the caliche horizon.

Around the pit perimeter were 1/ post sockets averaging 16

cm in diameter and 15 cm in depth. Two sockets had fire-cracked
rock shims and a third had a shim of an exhausted chert core.

Feature 5b

This feature is located in the north of Trench 34 at the

coordinates 14N4UW. In both the east and west profiles it was
observed as a basin-shaped pit with gently sloping sides dug into

the compact pebbly sand horizon to a depth of 30 cm. Feature 5b
was cleared and defined only at the surface. It is a circular pit

structure measuring 2.0 m N/S and 3.0 m E/W with an entrance
located to the east. Twenty exterior post sockets surround the
structure. They average 15 cm in diameter and 12 cm deep. One
socket had a tire-cracked rock shim. No artifacts were found

within or around the structure.

Features 57 and b2

These two structures are located in the north of Trench 34
at the coordinates 18N40W. Feature 57 was superimposed upon the
southern edge of Feature 62. In the trench profiles, Feature 57
was observed as a basin-shaped pit structure cut 35 cm deep
through compact pebbly sand to the caliche horizon. Feature 62
was 40 cm deep and was also dug into the caliche horizon.

Trowel point cutting and the location ot Feature 57 post
sockets in the fill of Feature 62 determined that Feature 52 was
the later structure. Both were only cleared and defined at the
surface. Measurements are 1.85 by 2.00 m for Feature 57 and 1.60
by an estimated 1.25 m for Feature b2. Both structures were

circular and neither had a preserved entryway.

Eighteen exterior sockets were identified for Feature 52.
They averaged 15 cm in diameter and 12 cm in depth and two had ,
fire-cracked rock shims. The northern sockets were situated in
the fill of Feature 62. Feature 62 had 12 post sockets averaging
1) cm in diameter and depth. One had a small flake within its
till. A small number of flakes were found around the two
structures. Also, Feature b2 had a rhyolite core and a flake
within the fill noted in profile.
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Feature 61

Feature b1 is located in the north of Trench 9 at the

coordinates 35NSW. in profile, this structure is unusually
shallow, extending into the compact pebbly sand to a depth of only

15 cm.

FeaLure b1 was cleared and defined at the surface only on

the west side of the trench. The east side was severely root
disturbed by a large creosotebush. Dimensions ot this structure

are 1.2 m N/S and 0.4 m from the trench to the western pit
boundary. Five possible post sockL are located around the
western pit structure perimeter.

Confidence in the interpretation of this feature as a

residential pit structure or cultural feature is low. The shallow
basin noted in profile may be the result of bioturbation or some

other natural process.

Feature 64 and b5

These two superimpesed pit structures were located in the

west of Trench 13 at the coordinates iON20W. The northern edges
of both structures were removed by Trench 13 and thus only

appeared in the south profile of that trench.

In profile, Feature 64 is a basin-shaped pit structure with

sloping sides excavated J5 cm through compact pebbly sand and into
the caiiche horizon. To the west of Feature 64 is another pit

structure, Feature 65, which is truncated at its eastern edge by
Feature b4. Trowel point cutting in the region of the interface

between the two pits, plus the location of Feature b4 post sockets
in the fill of Feature b5, indicate that Feature 64 is the later

structure. A large limestone cobble was noted in the profiles of
both pit structures.

Feature b4 was cleared and outlined at the surtace. The

eastern edge of the structure was located in an area of off-road
vehicle activity, and thus the definition of its boundary in this

region is questionable. Dimensions are estimated at 1.50 m N/S
and 1.70 m L/W. No entrance was detected. Fourteen exterior

sockets were located, although seven are questionable. The two

westernmost sockets are located within the fiil ot Feature 05.
Average dimenisions are 15 cm in diameter and L0 cm deep, and one

had a fire-cracked rock shim.

Feature 6) was constructed 40 cm into the compact pebbly

sand and caliche horizons. Outlining at the surface revealed an

oval-shaped pit structure measuring 1.55 m N/S and 1.75 m E/W.

The eastern edge of the feature had been removed by the later
superimposition ot Feature 64. No entrance was detected.
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Post socket determinations for this structure are
questionable, as the surrounding soil had been severely churned by
off-road vehicle activity. Only five post sockets were located.
Besides the cobbles noted in profile and the tire-cracked rock
shim in a Feature 64 post socket, no other cultural materials were
found during the examination of these features.

Feature 70

Feature 70 was discovered through the use of a front end

loader during the final mechanical scraping of Site 37 at the
coordinates 19.JN24.5W. The structure was initially detected as a
small oval-snaped depression with a dark fill extending into the
caiiche horizon. Since the upper deposits ot aeolian sand and
compact pebbly sand nad been removed by scraping, this small oval
represents the bottom of the structure.

Dimensions of the structure are 1.50 m N/S and 1.35 m E/W.
Depth of the remnant pit is 10 cm below the compact pebbly
sand/caliche horizon interface. One artifact was recovered from
the fill. A large rodent burrow was present in the floor ot the

structure, but no interior post holes were located. Fourteen
exterior post sockets were arranged around the pit structure.
They were observed as small, 2 - 4 cm deep depressions in the
caliche. " -

Problematical features

Features 43 and 53 are characterized by different shapes and

sizes than other pit structures at Site 37, and are believed to be
nonresidential due to tneir small and deep configuration. Both
are deep, straight-sided circular irregularities extending through
the compact pebbly sand to the caliche horizon. Feature 43 is 15
cm deep and Feature 53 is 61 cm in deptn. Measurements for
Features 4j and 5j are .90 by .95 m and 1.0 by .80 m respectively.

A number of soft spots (dubious post sockets) were detected around
the perimeter of each feature. Neither feature was excavated
because of their questionable cultural origin, and their function,
it any, is unknown. It is possible that they represent storage
facilities like those recorded along Tularosa Creek near

Mescaiero, N.M tjeI Bene and Rorax 1964). However, while the
general configuration is similar to those at Mescalero, the Site I
3/ reacures lack any evidence cultural materials in their fill.

Functional Interpretation of Pit Structures

A discussion of the functional significance of the Keystone

37 structures is important in light of the new data they provide.
Lt is also critical to subsequent evaluations ot site structure
later in this btudy. As other researchers have noted (Marshall
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19/3; Whalen 19/9; Hard 1983), pit structure morphology in the
Jornada area is quite variable. In the past, the observed
variability has been viewed as components of the Mesilla phase
and/or Dora Ana phase (transitional Pueblo). The structures at
Site 3/ contribute further to the variability among Jornada pit
structures, but this fact is all the more interesting because theI
siLe dates well within the local Pueblo period (Chapter 1i).

As discussed in Chapter 3, it is assumed that some aspects of
site structure will be reflected in the nature, density and
distribution ot cultural remains within a site. Some aspects of
within-site characteristics will be due strictly to functional
ditterences in the tasks carried out in relation to other sites.
Additional patterning can be expected to reflect the way in which
the tunctional tasks were carried out, such as the relative length
ot occupation at a given site. The type, quantity and diversity
of features on a site can be expected to be directly related to
the length of occupation (Chapter 3, Hypothesis u). in order to
assess the meaning of the Site 37 pit structures it is useful to
first summarize their characteristics. They are then compared

with a variety of structures reported elsewhere in the Jornada
region. Finally, the behavioral implications of the Site 3/

structures are explored in light of existing interpretations of

structures previously identitied at -hose other sites.

Characteristics of Keystone 37 Dit Structures

The structures identified at Site 37 are generally circular

in form but are consistently small and shallow. Areas contained
within the structures range from 2.0-5.9 square meters with depths
of 0.20-0.50 m (Table 17). The structures have sloping walls and
irregular floors constructed by digging a shallow basin down to,
or slightly into, the carbonate soil horizon. The features
generally contain one, two or four interior post holes excavated

another 10-20 cm into the indurated caliche. Formal interior

hearths are completely lacking but small areas of grey soil were
identified in Features 29 and 35, possibly representing the use
of coals prepared in exterior hearths for warmth inside the
structures. Small rectangular or lobate irregularities,
presumably entryways, are found in some cases and, when present,

are oriented to the north, northeast or east.

Each structure is surrounded by a series of post socKets

encircling the perimeter of the basin and dug into the
occupational surface adjacent to the structure. The sockets are

often excavated down into the caliche substrate. They were
apparently meant to accommodate branches smaller than their
diameter because many contained shims of fire-cracked rock or
expended cores, in spite of careful screening, no fragments ot
daub or other potential roofing materials were recovered. This
suggests the superstructure may have consisted sirtiply ot

interwoven branches.
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The structure ftill generally contains low densities of

artifacts and very few items are situated on the floors. Even in

structures yielding relatively large numbers of artifacts, these

tend to occur at the upper contact of the fill and the aeolian

sand where they probably reflect backfilling by natural processes.

Specific figures for interior and exterior artifact densities are

presented and discussed in Chapter 9.

In spite of the general dearth of artifacts inside the

features, the structures are consistently located in the west-

central portion of the site, in the areas of highest artifact
density. The structures also tend to be associated with small

hearths and removed from the large fire-cracked rock features.

Comparisons With Other Jornada Area Structures

Table 13 provides a summary of selected characteristics of

pit structures excavated throughout the central and southern

Jornada area. As Carmichael (1983) and Hard (1983) have noted
elsewhere, these data reflect a basic distinction between typical

Mogollon pithouses and less substantial shelters or huts. The

characteristics of these structures and their associated features
are instructive for interpreting site functions and structure.

Pitncuses are identified at least at the Hatchet Site, Los

Tules, the Rincon and Hatch Sites, Abajo del Cruz and LA 2000.

The structures at these sites are formed by substantial vertical

walled pits, a fact indicated by depths of about 0.5-1.2 m (Table
17). Even more compelling are the large floor areas which average

16.5 square meters kn=28, sd.=10.7). These sites, often called

pithouse villages, are generally recognized to represent some

significant duration of occupation and they correspond to what has

elsewhere been termed Long Term Habitation sites (Carmichael

1983b). These sites also tend to have the greatest variety of
associated features, including trash middens, interior and

exterior storage pits and cists, trash pits, burials, etc. (Table

17). In a general way at least, the observed variability of

features on Jornada pithouse sites tend to confirm one's

expectations for occupations of relatirely long duration.

Another group of sites containing smaller and less formalized
pit structures or huts has been identified by O'Laughlin (1960)

and Hard (1963). Sites assignable to this group include at least
the following: Keystone 33, dueco Bolson Sites 132 and /39,

Castner Range Site 80, and the Roth Site. The structures on these

sites tend to be very shallow, with depths ranging from U.15 - O.j

m. They are also smaller than typical pithouses with areas

averaging b.5 square meters (n=12, sd.=1.8). By reference to

structure form and size in relation to the ethnographic record

thlese features are quite reasonably interpreted as relatively

ephemeral huts or brush and mud houses (0'Laughlin 1980; Hard
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1983). As expected the sites containing these structures have a
lower number and diversity of associated features which can be
interpreted as evidence for shorter duration occupations. Note
however that even though the brush huts are interpreted as
ephemeral structures, most examples contain some type of
intramural hearth or fire pit.

One additional type of pit structure deserves mention here.

Pithouses are a recently documented component of El Paso phase
settlement patterns in the southern Jornada area with examples

recorded at the Dora Ana County Airport near Santa Teresa, N.M.
and at Meyer Range on Fort Bliss. The Airport Site pithouse is

two by two meters square and is excavated 0.50 m into the
carbonate horizon (Duran and Batcho 1983). The Meyer Range

structures are somewhat larger but both contain interior features
which are typical of El Paso phase rooms in pueblos. These

features include a small fire pit and two main post holes at the
Airport Site and a collared hearth and step entry at Meyer Range.
These features are of interest to the present discussion because,
as nearly as can be determined at present, they are

contemporaneous with the structures at Keystone 37. Yet, in spite
of this apparent cooccurrence, the El Paso phase pithouses bear

little or no resemblance to those at Site 37 and the ether two

sites clearly indicate occupations of far greater duration (Duran

and Batcho 1983; Scarborough 1984).

Interpretation of Keystone 37 Structures

It the Hueco Bolson and Castner Range structures can be
considered to be the remains of ephemeral brush houses, then the
features at Keystone are arguably even more ephemeral. Feature
depths are similar among the sites but feature sizes are even

smaller with Site 37 structures producing an average area of 3.6
square meters (n=14, sd=1.1). These figures place the Site 37

structures at the small end of the size range for the Jornada
area, implying occupation by smaller groups for shorter periods of

time. Even more important is the complete lack of formalized
hearths within the structures, a characteristic which sets them
apart from even the brush hut features identified by O'Laughlin
19(dO) and Hard (1963). The Site 37 structures also lack the

quantities of animal bone, ceramics and other artifacts contained
in the Castner hut.

In addition to their small size, the Keystone 3/ structures
lack any association with interior or exterior trash or storage
pits, trash middens, burials, or other features normally

associated with long duration occupations. There is also direct
archeological evidence that the 14 excavated pit structures do not

represent the remains of a single community. In at least four
instances, later structures were built or rebuilt within or

overlapping previous structures. In the case of Feature 39 at
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least, the rebuilding appears to have taken place within the
still-visible remains of the earlier structure. It is not possible
to specify how many structures were utilized simultaneously, but,
all indications point to occupation by small groups of perhaps
several families.

As discussed ear.Lier, the small fire-cracked rock features
recorded at Site 37 may reasonably be interpreted as general
purpose domestic hear ths. In this regard it is noteworthy that
hearths are completely lacking within the pit structures. In
addition, few artifacts were recovered from the structures even
though the occupation surface immediately outside them contained
high densities of lithic artifacts (see Chapter 10)). These
patterns would seem to indicate that most activities at the site
took place outside the structures. Such a situation would fit
with general expectations for a warm season occupation, with the
pit structures effectively functioning as sun shades, windbreaks,
sleeping shelters, etc.

In sum, it is suggested that the pit features at Keystone 37
are the remains of short term ephemeral brush shelters erected for
periods of perhaps days to weeks. A potential ethnographic analog
for such a feature is provided by a 19th century description of an
Apache wickiup:

The wigwams of the Apache scarce peep above the brushwood of
the country, being not more than 4 feet high, slightly dug
out in the center, and dirt thrown around the twigs, wnich
are rudely woven into an oven shape, as a canopy to the
house. A tenement of a few hours' work is the home of a
family for years or a day (Doniphan 1847:11U).

The inferred function of the Keystone 37 structures, and the
site itself, fits well within a regional settlement model for
mobile hunting and gathering strategies outlined by Carmichael
(1983b) and elaborated by Hard (1983). The regional implications
tor such an interpretation are discussed at length in Chapter I3;
suf fice to note here that the significance of such a strategy is
magnified by its apparent contemporaneity with pueblo-based
strategies traditionally assigned to the Do'na Ana and El Paso
pliases. Despite the evidence for cooccurrence (see Chapter 11),
there are no formal similarities between the features observed at
Keystone 37 and known El Paso phase pueblos or pithouse sites.
Similarly, there were no artifacts recovered at Site 37 which
could be used to assign the site to the El Paso or Dona Ana phase
(see Chapter 11). In short, by virtue of the inferred function of .3 features at Keystone 31 and the relatively late dates obtained
therefrom, the site cannot be adequately classified within the
traditional phase framework used in the region. The data
supporting this view, and their ramifications, are explored
further in the sections on chronology (Chapter 1 1) and site
context (Chapter 13).
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CHAPTER 9

ARTIFACT ANALYSIS

By Myles Miller and David Carmichael

introduction

This chapter provides a description and analysis of the

chipped stone and groundstone assemblages from Keystone Sites 3b
and 3/. The few ceramics recovered from the sites proved to be

rather uninformative but they are discussed briefly in the section
on relative chronology (Chapter 11). Even more important than

basic description are the analyses of several technological
aspects of the lithic tools and debitage. Assemblage

characteristics to be discussed include raw material procurement,
reduction strategies, patterns of expediency and curation, and

functionality of utilized edges. It will be seen that many
similarities exist between the assemblages of Site 3b and 37; at a

general level they can be inferred to have had similar functions.
However, significant and informative differences between the

assemblages do exist which allow speculation about their differing
systemic contexts. That is, although the two sites appear to have

functioned in generally similar ways (i.e., leaf succulent
processing) there are indications that they may have articulated
with their respective settlement systems in different ways.

The characteristics of each assemblage are first described
then compared with one another and with materials from other sites
in the region. in the process, hypotheses presented in the

research design will be addressed where the data are applicable.
The reader is referred to Chapter 3 for a review of the

hypotheses.

It should be noted that in an effort to avoid redundancy

detailed analyses were conducted on only a sample of the total
iithic assemblages. The process of sample selection involved

several types of decisions. First, it was decided to draw the
sample from the entire collected assemblage rather than from the

random excavation units only. The random units were designed
primarily to insure thiat subsurface activity areas not conforming
to surface distributions were not overlooked. Since the sampling
frame consisted of the entire site, most random units fell outside
the areas of maximum artifact density. That is, they provide a
random sample of the site area, not the dense artifact scatters.

Even if all the random units had been completed prior to the
placement of judgemental units, the feature excavation %XN
requirements called for in the RFP would have caused most
artifacts to be recovered from judgemental units. in order to

best characterize the entire assemblages the samples used herein
were drawn from all recovery units. It is noted, however, that it
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woula be possible to structure any future reanalysis using only

the random units.

The second issue of importance is the problem of sample size.

Since the lithic analysis was carried out in two stages, it was
possible to sample subpopuiaions within each assemblage. In the
first stage of analysis, all artifacts were sorted into the
following initial categories:

flake (primary, secondary or tertiary) utilized flake

angular debitage core
hammerstone chopper
point mano
scraper metate
drill pestle
other bitace anvil

ceramics groundstone fragment

These categories represent the level of detail utilized in the

cluster analysis of artifact distributions (Chapter 10) with all
artifacts included in the analysis. The relative frequencies of

artifacts within these groups are listed in Table 18.

The stage two lithic analysis was designed to investigate the
tecnnological details of production and use of artifact by
monitoring flake morphology, edge angle, raw material types, etc.

within artifact groups. For this purpose, samples were drawn from
tie 1120 and 4772 artifacts collected at Sites 3b and 31,
respectively. In order to adequately address the known structure
of the assemblages, samples were drawn from within each of the
initial sort groups listed above.

Sample sizes were determined by using a SAMSIZ program (Van

Tassel 1981:5b-58) adapted for a Kaypro 10 computer. The computed
sample sizes indicated the number of items to be selected from
within each category in order to obtain a 95. confidence interval
sample for that group. The process is similar to that discussed
by Cochran (1917:72-i7); it does not yield sampling for similar a

proportions or rare item sampling (cf. Cochran 1977:7/) but
rather, random samples within subpopulations. As an example, 95%
confidence interval samples from Site 36 included 15 ot 15

scrapers, li of 196 cores and 227 of 546 flakes. After
derermining the sample sizes, artifacts were selected using random
numbers corresponding to individual specimen numbers generated
during stage one analysis. The resulting samples contain 576

artifacts from Site 3b and 1133 from Site 3/ (Table 19).

This approach produces a weighting of the less common items

such tnat their occurrence in the sample is disproportionately
higher than in the total assemblage. For Lhis reason, general

comparisons ot artifact percentages between sites require the use
of tie stage one groups involving the entire collections (Table

Id). The stage two analytical samples are used for making
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Table 18. Distribution of initial Sort Artifact Groups

at Keystone Sites 3b and 37.

Artifact Group Site 36 Site 37

Flake 633 (56.5%) 3426 (71.8%)
Utilized Flake 81 ( 7.8%) 367 (7.7.)

Angular Debitage 131 (11.1x) 273 (5.74)
Test Core 73 (6.5%) 120 (2.5%)

Other Core 104 (9.3%) 370 (7.8X)
Hammerstone 41 (3.8%) 65 (1.4/)

Utilized Chunk I ( .09%) 20 ( .42%)

Projectile Point I ( .09%) 7 C .15/.)

Other Bitace --- 7 ( .15.)
Scraper 15 (1.3x) 49 (1.04)
Chopper 2 C .18%) 12 C .25%)

Other Tool 4 ( .3b%) 2 ( .04/.)

Mano I ( .09%) 18 ( .38%)
Merate 1 C .09%) 7 ( .1%)

Pestle 1 ( .09%) 9 ( .19%)
Anvil 1 ( .27) 2 C .04%)

Groundstone Fragment I ..09%) 3 .06%)
Ceramics 19 (1.7.) 15 ( .30/)

TuTALS 1120 (99.91.) 4772 (1U0.03%)
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IV
comparisons of the range of variability within artifact groupings
(e.g., proportions of material types or proportion of primary vs
tertiary flakes). A few minor discrepancies between the two
tables reflect the fact that some stage one group assignments were
revised during stage two analysis.

Description of the Lithic Assemblage

Before reviewing the distributions of the various artifact
classes identified at the sites, a brief definition of the
attributes distinguishing each class is in order. Thu
classification is based on technological and functional attributesrepresenting various reduction categories and tool types.

Cores

A core is the nucleus of parent material from which
flakes and angular debitage have been detached through the
application of force. With the exception of Tested and Split
PebDles which have an unprepared cortex platform, at least one
striking platform is present. Positive bulbs ot force are absent.
Five types of cores were catalogued in the lithic assemblages of
SLtes 3b and 37: tested, single platform, opposing platforms,
multiple platform and biracial.

I Tested or Split Pebble

These are round or tabular nodules which exhibit varying
degrees of testing but no reduction or shaping. They may be
eiLtuer one-halt of a split nodule or an entire nodule showing a
small amount of flake removal, but all samples retain more than
90/. cortex and none have prepared platforms or secondary flake
removal.

It is possible that a number of these cores were found to be
unsuitable for reduction due to structural flaws or some other
tiult. t Ir ts expectable that nodules would be initially tested

4 at their source location and, if found unsuitable, would not be.-4. transporLed or further reduced. It is also possible tnat the
deposition of test cores at a site could constitute a form of
caching behavior (Carmichael 1984).

* Single Platform Core

On these cores, all flake scars originate from a single
,4 , platform surface. The preparation of the single platform and

shaping ot the core exhibit greater attention than most other
cores and is usually maintained towards the controlled production
ot reLatively long flakes and blades.

Z
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Opposing Platform Cores

These cores are characterized by two platforms on opposite
ends of the specimen. Usually, bipolar reduction is indicated by
this arrangement and the tecnnique is most commonly noted on small
obsidian and chalcedony pebble cores.

Multiple Platform Cores

On these cores, several surfaces were used as striking

platforms. These platforms show variable flake scar arrangements
and taere is little indication of platform preparation or core

shaping. Multiple platform cores may be indicative of an
expedient form of flake and tool production.

Bifacial Cores

Flakes have been removed from a series of adjoining and

opposing platforms, resulting in a continuous, bifacially flaked
edge which has a sinuous outline. Platform preparation is well

developed and these cores are usually shaped. These cores may

have been curated for reduction at a number of habitation sites.

Utilized Cores

These are cores which exhibit modifications and wear patterns

on one or more edges. Usually, the wear patterns indicate
battering.

Flakes

Flakes are the pieces of material removed from cores by the

application of force. Flakes are distinguished by the presence of
one or more of the following attributes: a striking platform at

the proximal end of the specimen; a bulb of force on the ventral
surface; conchoidal fracture patterns radiating from the bulb of

force and either a feather, hinge, or step termination at the

distal end of the specimen. Cortex may or may not be present on

the dorsal surface. Flake fragments can be identified by the
presence of one or more of these attributes and have been

characterized as distal, medial, proximal, or lateral fragments.

Flakes have been assigned to one of three reduction

categories based upon the amount of cortex present on the dorsal
surtace of a specimen. Various investigators have used differing

degrees of dorsal cortex for identifying the reduction stages of

flakes. For this study, the following definitions were used:
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Primary Flake. Primary flakes have more than 504 cortex

remaining on their dorsal surfaces.

Secondary Flake. A flake having on its dorsal surface any

amount of cortex less than 50%.

Tertiary Flake. A flake having no cortex on its dorsal

surface.

Two other types of flakes were identified at Sites 36 and 31.
Blades are defined as a parallel-sided flake having a lengthwise
dimension measuring at least two times its width. Rejuvenation
flakes are generally large and irregular specimens which result

from the shaping of a core in order to form its surface into a

more readily workable area for flake removal.

Utilized Flakes. These are any form of flake which exhibits

wear patterns on its platform or one or more of its edges.
Retouched flakes are also included in this category.

Angular Debitage

These are angular fragments resulting from the application of

force to a core, flake, or tool, but which lack flake attributes
such as a bulb of force or striking platform. Conchoidal fracture

is sometimes present.

Utilized Chunks

These artifacts are simply angular debitage having wear

patterns or modifications on one or more edge. They can be
considered as expedient tools.

Formal Tools

Scrapers

Scrapers are facially retouched artifacts with one or more

modified or heavily utilized edge. They are distinguished from
utilized flakes, cores, and chunks by a number of characteristics:

usual absence or removal of any platform; some degree of shaping

iidicated by a generally circular or oval shape; and a greater
degree of finishing and controlled edge modification. They also

differ from bifaces and unifaces in that they are thicker in

cross-section and do not show the high degree of shaping and

retouch scars which are diagnostic of shaped bifaces and unifaces.

Three types of specialized scrapers were identified on the

b;isis ot shape. These include spokeshave (concave) scrapers,

denticulate scrapers having small projections on one or more

% %



edges, and hinge scrapers. The latter are modified large flakes
which have hinge terminations exhibiting use wear patterns.

Drills

Drills are specialized tools characterized by a thin cross-
section and a much greater length than width. They are usually
tacially modified over the entirety of both opposing surfaces and
exhibit wear patterns in the form of edge polisn. Some specimens
have a broad and fiat base which facilitates their manipulation.

Bifaces and Unifaces

Following Chapman and Schutt (19/1:93), bifaces are defined
as "artifacts which exhibit retouch scars extending over one-tnird
or more of both their opposing surfaces". Projectile points are a
specialized form of biface which have a specific function.

Only one shaped uniface (knife) was recovered during the
excavations at Site 36 and 37.

Choppers

Choppers are large tools which are usually round or oval in
shape and have evidence of edge damage in the form of battering.
Usually there is only one modified edge produced by the bifacial
removal of a small number of flakes. The edge angles of choppers

are usually in the range of 90 degrees.

Pebble Tools

These are artifacts of indeterminate function. They are

large pebbles which have up to four flakes removed from one edge.
Evidence of edge damage is not always present on the margins of

the flake scars or edges, although a small number show some form
of battering and numerous hinge fractures.

Hammerstones

Hammerstones ard generally spherical or oval quartzite river
cobbles showing evidence of battering on either end. Some
examples show additional wear in the form of negative spall scar.

Specimens at both Site 3b and 31 tend to be minimally used, often
with only a few impact fractures visible on the cortex (Plate 5).
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Grounds tone

Groundstone Fragment

A groundstone fragment is defined as an artifact with

evidence of grinding on at least one surface but which cannot be
determined to be either a mano, metate, or other functional type.

Pestle

Pestles are large oblong artifacts which exhibit wear

patterns in the form of crushing, grinding, abrasion, or striae
around the entire perimeter of one or both ends. Most appear to

be made of materials which occur naturally in the form of long,
thin chunks or spails (Plates 6, 7).

Mano

"I4anos are defined as artifacts which exhibit at least one
surface characterized by one or more smooth facets produced
through grinding. Manos are hand-held implements presumably used

primarily to crush and grind vegetal foodstuffs such as seeds
against metates" (Chapman and Schutt 1971:9J).

Metates

Metates are the implements upon which vegetal foodstuffs were

ground using a mano. At Sites 36 and 37 all metates were
minimally utilized, unshaped slabs characterized by a slight

depression but no broad grinding surface set deep into the
specimen (Plate 8).

Polishing Stones

These are small pebbles which have a very smooth and polished

surface. They are distinguished from natural, water-worn pebbles
through the identification of their having a smooth, flat surface
on one side. This surface is much more polished than the other
natural surfaces on the pebble.

Anvil

These are large tabular cobbles used in the preliminary

reduction of raw material nodules. They exhibit concentrated
areas of pecking on their surfaces presumably resulting from the

support of pebbles of raw material during reduction (Plate 9).
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Plate 5. Hammerstones
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Untested Pebble

These are raw nodules of materials which can be identified as
having oft-site sources. Although there is no evidence of wear or
reduction, by nature of their occurrence at a site they are
indicative of procurement activities. They are usually of

obsidian, although Other materials were also noted. I
other, Indeterminate

These are artifacts which exhibit some form of wear or
damage, but due to their fragmentary state or unusual appearance
cannot be assigned to any artifact class with confidence.

Artifact Types and Frequencies

It was suggested in Chapter :3 that the homogeneity of the
artifact assemblage at a given site is inversely related to the
duration of occupation (Hypothesis 1). It was also argued that
assemblage homogeneity/diversity could be measured by the number
of artifact categories represented on each site, if the
hypothesis is correct, one would predict a wider variety of
artifact categories, reflecting a greater diversity of behaviors,
on long- term sites. These data are shown for Sites 36 and 37 in
Table 19.

Site 31 contained 28 artifact classes while only 20 were
recorded at Site 36. Since Site 37 is suggested as the result of
longer occupation, the higher number of observed artifact types
would appear, at first glance, to support the hypothesis. It is
ne.cessary however, to consider the difference in sample size when
c om par ing t he t wo si tes. A di ff erence of propor tions s tati s tic
khtialock 1972) was used to test the significance of the difference
between numbers of artifact categories. A total of 29 artifact
types were identified during stage two analysis. Twenty-eight
(97%) of these were recorded at Site 37 and 20 (69%) were noted at
Site 36. Following Blalock (1972:228-2J2) and Thomas (1976:492-
49b), the difference between the proportions of total classes is

shown to be significant (Z - -15.56, p - .00001). Nevertheless,
noting the statistical significance of the difference does not V.
provide information on its meaning.

Aithough long an issue of discussion in ecology, diversity
measures have only recently received close attention in the
archeological literature (e.g., Grayson 1961; Jones et al. 19b3;
Kintigh 19b4; Henss 1984). It has been noted that diversity
within an assemblage can sometimes be explained simply as a N
function of sample size, with larger assemblages containing
expectably greater variety (Kintigh 1964:44; Leonard 1985:11).
Some investigators have dealt with this difficulty by performing
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Table 19. Distribution of Artifact Classes in the Stage Two
Sample from Keystone Sites 36 and 37

Artifact Type Keystone 3b Keystone 37
N % N %

1. Flake

Whole Flake 210 36.3 468 41.2
Flake-Proximal Fragment 17 2.9 12 1.1
Flake-Medial Fragment 8 1 .4 4 0.4

Flake-Distal Fragment 23 4.0 32 2.8

Flake-Lateral Fragment 10 1.7 20 1.8
2. Blade 2 0.3 1 0.1
3. Rejuvenation Flake -- 2 0.2

Utilized Flake* (63) (10.9) (173) (15.2)

4. Angular Debitage 105 18.2 175 15.3

Utilized Chunk* (7) (1.2) (16) (1.2)

5. Core-Tested or Split Pebble 90 15.6 82 7.2
6. Core-Single Platform 10 1.7 45 4.0
7. Core-Opposing Platform 3 0.5 22 1.9
8. Core-Multiple Platform 29 5.0 103 9.1
9. Core-Bifacial 1 0.2 8 0.7

Utilized Cores* (7) (1.2) (3) (0.3)

10. Projectile Point 1 0.2 7 0.6
11. Thin Biface 1 0.2 4 0.4
12. Shaped Uniface (Knife) ..--- 1 0.1

13. Scraper 13 2.2 37 3.3
14. Spokeshave Scraper ..--- 1 0.1

15. Hinge Scraper ..... 3 0.3
16. Denticulate Scraper 2 0.3 2 0.2

17. Drill 1 0.2 1 0.1
18. Burin

19. Chopper .--- 13 1.1

20. Pebble Tool ..... 4 0.4
21. Large Pebble Tool ..--- 1 0.1

22. Hammerstone 42 7.3 45 4.0
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Table 19. Continued. Distribution of Artifact Classes in the
Stage Two Sample from Keystone Sites 36 and 37.

Artifact Type Keystone 36 Keystone 37
N % N S

23. Groundstone Fragment 1 0.2 3 0.3
24. Pestle 1 0.2 9 0.8
25. Mano 1 0.2 18 1.6
26. Metate 1 0.2 7 0.6
27. Anvil 3 0.5 2 0.2
28. Polishing Stone -- -- 2 0.2

29. Other, Indeterminate 1 0.2 1 0.1

Total Number of Artifacts 576 100% 1133 100%

Total Number of Artifact Types 20 28

*Number and frequencies in parentheses not included in overall
totals.
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regression analysis of population size and diversity and using the

resulLs as a basis for determining the expected diversity within a
given sample for a specific data set (Kintigh 1984; Henss 1964;

Leonard 1965). Outliers, or individual cases which deviate
significantly from the regression line contain either more or

fewer categories than would be expected. 6

The main problem with applying this Lecnnique to the Keystone
sites is that firm guidelines for the expected range in
Variability do not yet exist for El Paso area prehistoric sites.

The problem is particularly acute since so few lithic assemblages
trom the area have been examined in detail (Leonard 1985:7). Even

if one includes previous Keystone Dam studies and other published
lithic analyses from the area, too few cases are available to

permit satisfactory regression analysis.

The meaning of differential artifact diversity at Sites 3b

and 37 remains unclear. If the number of artifact types were

proportional to sample size, one would expect only about 14 types

at Site 3b; the smaller assemblage appears to be more diverse than

would be expected. In fact, a comparison with previous Keystone
analyses suggests that both sites contain more diverse assemblages
than might be expected. A reclassitication of artifacts from
Sites 32 and 33 (Fields and Girard 1983; O'Laughlin 198J)
according to categories used in this study yielded gross estimates

of 20 and 21 categories in samples of approximately 18,OOU and
J,UJk items, respectively. These estimates imply a curvilinear

relationship which has yet to be defined. It is not yet clear
whether or not Kintigh's (1984) expected curve is realistic for

camps where bu/ or more of the artifacts fall in a single category
ki.e., flakes). The issue cannot be resolved with the data from

this study and further investigation must await the accumulation
of Additional Litnic analyses conducted at comparable levels ot
detail.

Even in the absence of diversity expectations for local I
sites, it is possible to suggest that the data from Sites 36 and

I/ do not seem to support Hypothesis I as written. It can not be
concluded that the sites represent different functions because ot
a difterent range of on-site behaviors. Instead, it could be

argued that the greater number of artifact classes reflects a
larger assemblage, which, in turn is a measure of occupational
duration/intensity. Such a suggestion is, in fact, consistent

with the interpretations of Sites 3b and 37 developed below. It

is suggested that the general similarities between the sites
indicate corresponding general functions (lear succulent
processing) but that certain details reflect differences in

duration ot occupation and, thus, systemic contexts. In order to %1
address this proposition, it is necessary to examine the
dittLren-cs betaen the assemblages within specitic artitact
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Table 16 lists the distribution of artifact types for the

entire assemblages at Sites 36 and 37. Note that these data are

derived from the initial sort and that some artifacts were

reclassified during the more detailed stage two analysis. For

instance, the difference between the proportion of utilizea chunks

seems potentially significant. However, during stage two
analysis, most of these items were reassigned to other artifact "

types, yielding similar percentages at both sites. The same is

true for the category "other tool" at Site 3b since they were

eventually assigned to the blade, biface and drill categories.

Many artifact types which might be used to infer different

site functions show similar distributions at both sites. The

proportions of utilized flakes, scrapers and choppers are nearly

identical at the two sites (Table 18). Although Site 37 appears

to contain more bifaces the difference between proportions

(Blalock 1972:228-232) is not significant (Z = -1.3b3, p = .0869).

A comparison of projectile point frequencies produces the same

result, indicating no significant difference in the discard of

bifaces at the two sites. Somewhat surprisingly, the paucity of

groundstone artifacts at Site 36 is not significantly different
from Site 31. Pestle tragments are more common at Site 37 but the

proportions are not significantly different (Z = -.7143, p =

.2369). Metates and groundstone fragments display greater

simiiarity between the sites. Even the proportions of manos at

the sites are not appreciable (Z = -1.5263, p = .0630). Although

some activities occurred only rarely, it would appear that the
range of behaviors carried out at the two sites corresponded in

large part.

Almost all of the significant differences between the
assemblages at Site 36 and 37 relate to the procurement and

initial reduction of lithic raw materials. The one exception is

the significantly greater proportion of ceramics in the smaller

assemblage from Site 3b (Z = 5.60, p = .OUO1). The behavioral

meaning, if any, attributable to this difference is unclear but,
as discussed in Chapter 13, the unexpectedly small quantity of

ceramics at Site 37 could be related to a strategy of high
residential mobility. All the remaining artifact groups which

exhibit significant differences relate in some way to lithic

reduction.

Perhaps most striking are the relatively high proportions of

test cores and hammerstones at Site 3b. Test cores are

proporLionatety more than twice as common at Site 3b (Z = b.1197,

p = .0OUI), a condition not necessarily predicted from the

assemblage size. These cores are almost exclusively ot materials

available on the Tortugas surtace a short distance east of the
site. They consist of water worn pebbles exhibiting three or

fewer flake scars and no evidence of edge modification.

Apparently tiie cores were either discarded or cached on the site

atter testing.
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In accordance with the apparent importance ot initial core

reduction (i.e., testing) at Site 36, hammerstones are also more

common Z = 5.3i3, p = .OUU). They are usually made on quartzite

cobbles available in the gravels of the nearby Tortugas surface.

Aitnough hammerstones play an important role in primary core

reduction, their occurrence in proportions greater than one or two

percent is seldom reported, even at lithic procurement sites (Bucy
1974; Singer and Ericson 19/7; Klausen 1980). This is because

nammerstones can usually be considered to be curated implements

which enter the archeological record in a variety of settings. At
Site ib, nowever, most tiammerstones exhibit minimal damage in the

form of only a few impact fractures on the cortex (Plate ). It

would appear that the hammerstones were an expedient part of the

technology, many being discarded after testing only one or a few

cores. This expediency can be seen as an efficient strategy only

in the context of the local abundance of quartzite cobbles in the

gravels of the Tortugas surface (see Chapter 5).

The apparent emphasis on lithic reduction at Site 3b is

further evidenced by the percentages of reduced cores and angular

debitage. Reduced (i.e., "other") cores follow the pattern for

test cores, occurring in a significantly greater proportion at

Site J6 k Z = 1.648, p = .05). Angular debitage, a common

byproduct ot primary core reduction, is almost twice as common at

Site 3o than at 37. The difference is cignificant at p = .0001 (Z

7.14-+9). The presence ot significantly different proportions ot

anvils at Site 36 also supports the importance of initial core

reduction (Z = 2.535b, p = .0054). The anvils consist ot large

dolomite cobbles with clusters of pecking marks on one or more
surfaces (Plate b). It is likely that they were used with

..ammerstones to split raw material pebbles with a bipolar

technique.

in light ot these data, it may seem unusual that Site 3b

contains a significantly lower proportion of flakes than Site 3i

( = -9.9331, p = .0001). However, this observation is consistent

with a model of differing logistic contexts for the sites.

Proportionately more cores were being initially reduced at Site

it, but these activities did not lead to the deposition of as many

tlakes as would be expected had they been completely reduced. In

this region, high relative frequencies of waste flakes have been

asqoc iaIted with longer-term residential sites (O'Laughlin 1919,
1960J). Proportionately greater amounts of waste accumulate at

such sites because they are the foci for tool production and
maiintenance. Convt rsely, short-term camps contain lower

,)or,enLIges ot f lakes presumably because fewer tools were

manitactured there. If these expectations are accepted as

rt-,isonah ic, l1L'n Site 3b can be seen as the remains of a shorter-

Lorn occupation. While tunctioning primarily as a plant

pruces.sig camp, IithIc procurement appears to have been a

secondary, embedded strategy. Lithic procurement would be ;i

requisite at either site, but cores appear to hive been more

tLhoroughly reduced It Site 31 (see below), thus producing the
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nigher proportion of flakes. The use of cores for shims in the

post sockets of some structures at Site 37 (Chapter 8) suggests
that many cores were expended at the site. At Site 3b, after the
initial testing of raw materials, cores, and perhaps some flakes,
were probably carried from the site for further reduction
elsewhere.

The ditferences between the sites suggest that, in the

contexts of their respective settlement systems, Site J was
probably a short-term camp ancillary to a more permanent

residence. Site 37 may have served as a short-term residential
base camp. This possibility, which is in accord with data on

flake morphology, biface manufacture and curation, feature

variability and activity patterning, is discussed further in later
sections of the report.

Lithic Raw Materials

The Keystone Site 36 and 37 lithic assemblages are comprised
ot 21 general categories of raw materials. Two hundred and ten

material varieties were identified within these general
categories. The range of material categories present in the Site

36 and 37 assemblages is similar to that reported for Keystone
Sites J3 and 34 (O'Laughlin, 1980:1b/-180) and Site 32 (Fields and

Girard, 1963:IbO-162). However, the relative frequencies of the
raw material categories varies among the assemblages of each site,

and the Z.O material varieties identified at Sites 36 and 37
represents a much greater variety of lithic resources than has
been identified at the other Keystone sites. The greater
variability observed in study is probably due to differences in
the level of detail used in relation to previous investigations.

A complete Listing of the 210 raw material varieties is

provided in Appendix lic. The detailed listing of material
varieties is included mainly as a reference for other research in

the region. In the past, the presence of a variety of fine-
grained cherrs in the EL Paso area has often been interpreted as N

evidence for the use of nonlocal lithic sources. However, such a
view cannot be supported without first characterizing the nature
and variability of local resources. Most of the lithic types
recorded at Sites jb and 3/ were observed in the immediate area

during the geomorphic study (Chapter 5). None of the site
materials can confidently be identified as nonlocal. The list in

Appendix tic is important because it reflects the range of
resource variability within the local Tortugas geomorphic unit
(i.e., within a single local lithic source).

Numerical codes have been assigned to the material varieties

as listed in Appendix lid. Sedimentary rocks are given codes in
the 100 series; igneous rocks are represented by 200 series codes,
and metamorphic rocks are 3UO series codes. Four hundred, 500,

2,v ".S

,4 ,'. ,.,.. ., -",,, ," : •. .-.-.-. , . .. .,. ....... .-.•. .-.. .-.,.. ... .. . .......- -. .... . . . . . . . .. . . . .



and /00 series codes include various siliceous cryptocrystailine
materials such as cherts, jaspers, chalcedonies, and silicitied
wood.

Of the 21 general material categories, eight groups make up

the bulk of the artifacts in the Keystone Site 36 and 37 lithif
assemblages. These major categories are briefly described below:
Chert - In the analysis of lithic raw materials comprising the
assemblages of Keystone Sites 32, 33, and 34, O'Laughlin
kl9bU:170) and Fields and Girard (1982:IbO) classified siliceous
cryptocrystalline materials, including jaspers, chalcedonies, and
silicified wood, under the general category of chert. Although
these materials are basically similar in terms of siliceous
composition, availability, and nodule size in the local gravels,

some investigators have noted different degrees of fracture
mechanics and fracture quality among them. Gomolak (1981) notes
that due to their generally finer cryptocrystailine structure and
homogeneity, jaspers and chalcedonies have superior fracture
mechanics compared to most cherts and silicified woods.

In light of variation in fracture quality among the materials
and, in the interest of determining whether such qualities were a
possible factor in the selection of specific materials for the
production of different artifact types at Keystone Sites 36 and
37, cryptocrystalline materials were separated into the four
categories of chert, jasper, chalcedony, and silicified wood.

Cherts are siliceous cryptocrystalline materials which have
good conchoidal fracture and edge strength. One hundred forty-one

varieties of chert were catalogued in the Site 36 and 37
assemblage, encompassing an extensive range of colors, textures,

inclusion types, and fracture quality.

Cherts are available in the local gravel deposits, although
not in particular abundance compared to the amounts of dolomite
and rhyolite (see Table 5). They occur in nodular and tabular
form, with both forms having a cortex and rarely exceeding 8 cm in
length (O'Laughlin 19ou:170; also this chapter below).

One variety of local bedded chert has a notably high
incidence in the Keystone area, both in the lithic assemblages of
tne archaeological sites and the local gravels. It has been given
the name "Rancheria" based upon its common occurrence in the
Rancheria formation in the Franklin and Organ Mountains -
(CarmichaeL 063:lb/). it is a brown-weathering and porous chert
with colors ranging from black to light brown; the brown areas
represent weathered zones. Four varieties of Rancheria chert have /5

been identitied and catalogued based upon the presence or absence
ot banding and mixing of the unweathered black zones and weathered
light brown zones (see Appendix lid, Codes 450-453).

Rancheria chert occurs in nodules or thinly laminated
deposits within limestone strata (Loudon and Bowsher, 1949:19),

is.
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and is widely distributed throughout the Franklin and Hueco

Mountains and Bishop Cap regions of the Keystone project area and

southern New Mexico (Carmichael 1963:167). In the local Keystone

area, it is most commonly found as small, 5 - 8 cm tabular
fragments, but small nodules are also common in the local alluvial

gravels.

Compared to other cherts, Rancheria chert is generally

interior in terms of fracture quality. Whalen (19/8:4) has stated

that the majority of cherts available around the Franklin

Mountains are of poor quality; presumably the high proportion of
Rancheria chert in the alluvial and colluvial gravels around the

Franklin Mountains led to his assessment. The black porous and
brown porous varieties kCodes 451 and 452) have especially poor

conchoidal fracture, and percussion often leads to breakage and
block debitage along solution joints or texture faults, making the

removal of large flakes and the thinning of cores difficult.
However, the blacK/gray banded and black/gray mixed varieties

(Codes 43O and 45j) are characterized by a slightly more
homogeneous structure and subsequently are more suitable for

utilization in particular types of flake and tool production.

Rancheria cherts comprise a significant proportion (up to

31X) of the total chert sample utilized at Sites 36 and 37.

interestingly, the inferior structure qualities marking these

cherts as less suitable for well controlled reduction and tool

production appear to have made them particularly suitable for the

production of at least two types of tools. A preference of

Ranceeria chert for the manufacture of scrapers, is evident at

Sites J6 and 37 (see below, this chapter). A lesser preference is
evident for utilized flakes. The selection of Rancheria chert for

the production of these two tool types may be due to its structure
and fracture qualities. Although it is by no means definite,

observations in the field and lab have suggested that Rancheria
cherts are slightly denser and more durable than many other local

cherts. Future controlled experimentation is suggested in order

to evaluate this possibility.

Jaspers and Chalcedonies. These are siliceous, highly

cryptocrystalline materials. Jaspers generally are notable for

their homogeneous texture; chalcedonies for their waxy luster.

All samples are characterized by excellent conchoidal fracture

properties and good edge retention.

Jaspers and cnalcedonies occur as nodules in the local

alluvial gravels. Chalcedony nodules usually have a hard, uneven

cortex and are small in size. Eleven varieties of jasper and i.

varieties of chalcedony were identified in the Site 36 and 37 .%

tithic assemblages (see Appendices lIc and lid).

.V
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Silicified Wood. Silicitied wood (petrified wood) is present in

minimal quantities as small tabular cobbles in the local alluvial
gravels. The fracture mechanics of this material are dependent
upon the character of the mineral replacements of the original

wood structure (Chapman 197/:429). Some samples have tabular
fracture planes which render the material sample unsuitable for
further use. Others have tabular fracture along the wood grain

but fracture conchoidally across the grain. Good conchoidal
fracture occurs only in those samples which have most of the

original wood structure replaced (Gomolak 1961). The latter two
types of fracture quality were noted among the samples of

silicified wood in the Site 36 and 37 lithic assemblage.

Khyolite. Rhyolite is an igneous rock which ranges in texture

from fine to coarse grained. Large to small-sized phenocrysts of
quartz, feldspar, and biotite are usually present within a fine-

grained matrix.

Eight varieties of rhyolite were identified in the Site 36

and 37 assemblages. Predominant are the Thunderbird rhyolite red
and black varieties. They are both very coarse-grained porphyry

with large phenocrysts which are surrounded by a finer-grained
matrix, red or black in color. Fracture qualities are poor and

they tend to bre or crumble into irregular blocks and fragments
upon application of force. Thunderbird rhyolite is a major

geologic component of the Franklin Mountains, and small to large-
sized cobbles are present in large quantities throughout the

Keystone area, making it a readily available lithic resource.

Soledad rhyoilte represents the second highest proportion of

rhyolites at Site 36 and 37. It is a material with a nonlocal
origin in the Organ Mountains but which is available in Rio Grande

gravels downstream of Las Cruces. Tnis rhyolite has a light red
or purple matrix (7.5R 6/2 or 5/2) with very small pinkish-gray

phenocrysts. It is very fine-grained and has conchoidal fracture

properties equal to that of many cherts.

Other rhyoLites are present in small quantities. Reworked
fLow-banded Thunderbird rhyolite is a slightly tiner-grained

variety of Thunderbird rhyolite. Its phenocrysts are generally
smaLter and occur in a band surrounded by a fine-grained matrix

which usually lacks phenocrysts. Picacho rhyolite is a medium-
6rained, red-banded material with a source near Las Cruces, New

Mexico. Two varieties of rhyolite Welded Tuff were identified.
These are glassy materials with fine-grained matrices and

relatively good fracture quality. No source has been pinpointed

for the welded tufts, although possible origins near the Organ
Mountains of New Mexico have been suggested (Carmichael 1963:168-
1o9).
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- olomIte. A highi proportion of the Site J and 37 iithic

assemblages is comprised of dolomite (limestone). This material

varies greatly in texture and color; however, the majority are

medium-grained and light gray in color. Conchoidal fracture is

tair, although many samples are easily shattered. in all samples,

production of flakes and thinning of cores is difficult due to a
tendency for hinge fractures to result from percussion and

prersure flaking (U'Laughlin 1980:170). Furthermore, edge

retention and durability is poor.

As with rhyolite, dolomite is a major geologic component of

the FranKlin Mountains and is the most abundant material type
represented in the local alluvial gravels of the Keystone area.

quartzite. Quartzite varies from fine to medlum-gralned, but does
not fracture well conchoidally and has little edge retention. Its

importance in the Site 3b and 37 assemblages, and tne Site 3Z

assemblage (Fields and Girard 1982:1bi) is that the one artifact

category of hammerstones consists almost entirely of this

material. Quartzite is found in small quantities in the local

alluvial gravels. However, a major local source for quartzite

hammerstones is located east of Site 36 on the Tortugas geomorphic

surface (Carmichael and Elsasser, 1984; see also this chapter
below).

Obsidian. Obsidian is easily worked and has excellent concholdal

fracture. However, it has poor edge retention and durability
*relative to chert and the otner siliceous cryptocrystalline

materials (O'Laughlin 1980:170).

Obsidian nodules are very small and have a distinctive

cortex. The occurrence of obsidian nodules in the local alluvial

gravels is rare, and the material is correspondingly rare in the

Keystone assemblages. Its importance derives from its potential

for providing chronometric dates (See Chapter 1).

Discussion

The distributions of material types at Sites 36 and J7 are

summarized in fable 20. All percentages represent the relative
frequencies of raw materials occurring in each ot the three

columns. Below the main table are supplementary listings for the

Tftunderbird rhyolites and Rancheria cherts, the total number of

material varieties for each site, and a comparison of the total

proportions of fine-grained and coarse-grained materials.

Considering the combined assemblages from Keystone Sites 36

and 3/, the most frequently recovered material is chert (4J.2.),
followed by rhyolite (t4.1/), dolomite (13.8%), chalcedony

(10.3.), quartzite l5.14), obsidian (2.6/.) and jasper (1.94). The

J,
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remaining 5.b,. of material varieties, representing those utilized

less frequently, include sandstone, siltstone, basalt, granite,
silicitied siitscones, quartzitic sandstone, schist, quartz,

silicified shale, and various undifferentiated sedimentary,

igneous, and metamorphic rocks.

A comparison of the assemblages from Sites 36 and 37 reveals
differences in the relative frequencies of chert, dolomite,

rhyolite and quartzite (Table 20). The differences appear
indicative of a general pattern in the use of finL , medium and
coarse-grained raw materials. It should be noted that the
distinctions between fine, medium and coarse-grained textures are
relative qualities noted within individual material categories

(i.e., a medium-grained chert is often finer than a fine-grained
rhyolite). For present purposes, fine-grained materials include

all siliceous cryptocrystallines and obsidian. Medium to coarse-
grained materials include all textures of rhyolite, dolomite and
other siliceous rocks.

As shown in Table 20, Site 3b exhibits a significantly higher

proportion of fine-grained materials (Z = 4.00, p = .0001), with

the medium and coarse group showing the opposite pattern. This
distinction is mirrored by the occurrence of cherts at the sites.
Although cherts are predominant in both assemblages, they make up

a higher proportion of the artifacts at Site 36 ( Z = 3.438, p =

.00U3). Within the chert portion of the assemblages, however,

Site 37 contains a greater number of material varieties. As in
the case of artifact types, the number of material varieties is
very likely conditioned by the size of the collection, and little
meaning can be attributed to the difference at the present time.

in contrast to the distribution of chert, the coarser

material such as rhyolite and dolomite are significantly more

common at Site 37. The difference of proportions for dolomite are
signiticant at p = .OUu2 (Z = 3.5026) and for rhyolite at p = .001

(Z = -3.0367). Quartzite is the only coarse material type which
is significantly more common Site 36 (Z = 2.43/, p = .0073).

Nearly 9u% of this material occurs in the form of hammerstones and
some additional specimens are hammerstone spalls. Thus, quartzite
was primarily collected for use as hammers rather than for flaking
mater ial.

These dirferences between the assemblages would appear to
indicate greater selectivity in the use of raw materials at Site
Jt) and, conversely, a more eclectic procurement strategy at Site

ji. Presumably, tine-grained rocks (i.e., cherts) would be
s lected tor qualities such as greater predictability of fracture

which contribute to greater control during reduction. Control :e
would be especialiy important in the manufacture of curated tools.
Although tormal tools are not common at Site J6, it has already
been suggested that the procurement ot stone tor such tools may
have been an embedded strategy at the s-i te. The higher
proportions ot tine lithic raw mater ial would support a model
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Table 20. Distributions of Material Categories by Site

Total

Material Category Keystone 36 Keystone 37 Assemblage

Sedimentary, Undifferentiated 1 0.2 2 0.2 3 0.2

Sandstone 2 0.3 8 0.7 10 0.6

Dolomite 56 9.7 181 15.9 237 13.8
Siltstone 9 1.6 9 0.8 18 1.1

Igneous, Undifferentiated 2 0.3 1 0.1 3 0.2

Obsidian 10 1.7 34 3.0 44 2.6
Basalt --- 9 0.8 9 0.5
Rhyolite (8 varieties) 64 11.0 188 16.5 252 14.7
Granites and Diorites .- - 7 0.6 7 0.4

Metamorphic, Undifferentiated 1 0.2 1 0.1 2 0.1
Quartzitic Sandstone 2 0.3 5 0.4 7 0.4
Quartzitic Sandstone Conglomerate -- -- 2 0.2 2 0.1
Quartzite 44 7.6 54 4.7 98 5.7
Schist . .. 2 0.2 2 0.1

Silicified Shale 1 0.2 3 0.3 4 0.2
Quartz 1 0.2 1 0.1 2 0.1

Silicified Siltstone (3 varieties) 3 0.5 8 0.7 11 0.6
Silicified Wood 2 0.3 17 1.5 19 1.1
Jasper (11 varieties) 10 1.7 22 2.1 32 1.9
Chalcedony (31 varieties) 58 10.1 118 10.4 176 10.3

Chert (141 varieties) 312 54.0 463 40.8 775 45.2

Totals 576 99.9 1133 100.0 1709 99.8

Total number of varieties 130 184 210

Rancheria Cherts 85 14.7 142 12.5 227 13.3

Thunderbird Rhyolites 39 6.7 89 7.8 128 7.5
% of total chert sample which

are Rancheria cherts 27% 31% 29%

Recent coarse and medium-grained 32.4% 42.4% 39%

Percent fine-grained materials 67.6% 57.6% 61%
(jasper, chalcedony, obsidian,

chert, silicified wood)
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within which cherts were tested and selected at Site 3b for

eventual use in the manufacture of curated tools at a more

permanent site. The somewhat mole eclectic strategy evidenced at I
Site 37 would indicate a greater emphasis on the production and
use of expedient flake tools. The implications of these two

potentially different reduction trajectories for flake morphology
are explored later in the chapter.

A general summary of the raw material variability within the

assemblages will not be presented here. Instead, the importance
and implications of this variability will become apparent during

the following discussions of raw material utilization in the

manufacture ot specific types of artifacts and tools. A primary

goal of tne analysis is to identify aspects of raw material
availability, suitability, and utilization as they relate to tool

curation and expediency.

Material Utilization Among Artifact Classes

Sources of raw materials used in the manufacture of tools are
known to have specific distributions within a given environment.

Information on the distributions of lithic raw materials among
arcneological sites can provide insights into the migratory

patterns and procurement strategies of prehistoric populations.
However, lithic raw materials should not be viewed as a

descriptive attribute alone, but as part of a broader series of
behavioral considerations (Chapman 1977:372; Schutt and Vierra

1980:45). Different materials exhibit a wide range of source

locations and availability relative to floral and faunal resources

and favorable settlement areas. Also, various physical properties
such as texture, homogeneity, elasticity, density, and hardness

make them more or less suitable for differing tasks. However, data
from Keystone Sites 36 and 37 indicate that the physical

properties of raw materials alone do not account for tne

distributions of material varieties among artifact classes at

these sites.

Given the ephemeral nature of Sites 3b and 37, a variety of
factors besides material quality may have conditioned material
selection. Such factors might well include the energy expenditure

required for procurement, and logistical concerns pertaining to

the use of different tool classes. As discussed below, rhyolite,

dolomite, Rancheria chert, and other materials of generally
inferior quality are well represented in the artifact classes at

Sites 3b and 37. Although the distributions of these materials

might be considered as merely indicative of their general

abundance in the local gravels, a more satisfying explanation
would also consider the above mentioned issue of site context as

it relates to patterns of expediency or curation in the

assemblages.

In the following discussion, raw materials identified among
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the various classes ur artifacts at Sites 36 and 37 will be

analyzed with reference to their association with different
patterns or reduction. The analysis will also be directed towards

the consideration of broader patterns of site occupation. It is
telt that raw material selection at Sites 36 and 37 was governed
in part by interrelated factors of material suitability and
material availability. These factors were, in turn, operating
within specific logistic contexts characterizing ephemeral sites
with diftering systemic relationships.

Tables 21 and 22 list the distribution of raw materials among
the five types ot cores identified at Sites 3b and 37.

Percentages reflect the frequency of a raw material occurring I
within a particular type of core, and totals for each material
type are provided at the right of the table.

Tested pebble cores are the most common type at Sit_ 3b and
multiple platform cores predominate at Site 37. At bcth sites
fine-grained materials are the most common but their distributions
differ between sites. Fine-grained siliceous materials comprise
//.2 / ot the tested cores at Site 3b but only 58.5% of those at
37, a difference which is statistically significant (Z = 1.895, p

.0294). The opposite relationship is seen among multiple
platform cores where fine materials total 73.8% at Site 37 and
52.74 at 3b (Z = -2.213, p = .Oilb). Since tested cores are

minimally reduced, while muitiple platform cores are relatively :J
completely reduced, the differential distributions would seem to
indicate that even though fine siliceous rocks were the
predominate materials tested at Site 3b, they were less thoroughly
reduced than at Site 37. This observation is in accord with the
suggestion made earlier that tine materials were tested by the
occupants of Site Th for eventual removal to other sites.

This pattern is further supported by the distribution of raw
materials among flake types (Table 23). It is evident that a
higher proportion of the flakes at Site 3b are of chert (5U.1% '

versus 42.1%). This difference is significant at p = .u1U4 (Z =

2.318). Conversely, a significantly higher proportion (39.5/.
versus 27.8%) of the flakes at Site 37 consist of medium to
coarse-grained materials (Z = -3.217, p = .000b).

Raw material distributions relative to primary, secondary and
tertiary flakes are listed in Table 24. A comparison of the two
assemblages indicates differences in the distribution of fine-
grained materials among tlake types. Specifically, tertiary
HIakes at Site 36 show higher percentages of fine materials and
lower prcentages ot medium to coarse-grained materials than at
Site 37. The data contributing to this pattern may be summarized
as rotlows:
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Site J6 Site J7

Primary Secondary Tertiary Primary Secondary Tertiary
Fine-grained 13 105 1/ 54 189 86
siticious (b.//.) (5J.8/.) (39.54) (16.4X) (57.4%) (26. I%)

Medium and 1i 5j 8 38 104 b6
coarse (17.64) (71.b/.) (1U.8%) (1B.3x) (50.5/.) (31.8%)

Due to the number of categorical variables involved in this
comparison, the significance of the distribution is most readily
tested using a chi-square statistic (Blalock 1972:231). In a
cross tabulation of the occurrence of fine materials at each site
by flake type, the differences between the assemblages are found
to be significant beyond the 95Y confidence level (chi-square
lb.J912, df = 2, p = .001). The main deviations from the expected
distribution occur at Site 36 where fine-grained materials are
more common among tertiary flakes and less common among primary
flakes than was predicted. The complementary differences in the
distribution of medium and coarse materials are significant at a
similar confidence level (chi-square = 13.7011, df - 2, p - .001).
Coarse-grained materials are more common than expected among
tertiary flakes at Site 37 and less common than expected for the

same flake type at 3b. While it is possible to produce tertiary
flakes in all stages of lithic reduction, they are generally
viewed as typical of the later stages. Among the artifacts
representing the later stages of reduction, there is supporting
evidence for the pattern of material use identified earlier among
cores. The higher proportion of fine-grained materials at Site 3b
again indicates greater selectivity in raw material use. Since
virtually identical raw materials were locally available to the
occupants of both sites, the nigher proportion of fine-grained
types at Site 36 indicates greater selectivity in the exploitation
of tue lithic resource. The more eclectic use of materials at
Site 37 extends even to tertiary flakes. This was unanticipated
since it had been expected that extensive reduction (i.e.,
requiring greater control) would be confined mainly to finer
materials when they are so readily available.

Tables 25 through 28 present the occurrence of material types
among utilized flakes and the more formalized tools recorded at
each site. Chert, dolomite and rhyolite were most frequently
selected for utilized flakes, with chalcedony, obsidian and jasper
also present in varying amounts (Table 25). Although it appears
that fine-grained materials were more commonly used at Site 3o, a
difference of proportions test (BlalocK 1972:228) was not
significant (Z - .9u15, p = .1bd5).

Table 2b shows the material distributions among scrapers from
Sites 36 and J7. The three forms of specialized scrapers
(spokesnave, hinge and denticulate) have not been listed
separately since they are few in number. Furthermore, their
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Table 21. Material Composition of Cores - Keystone Site 3b

Tested/Split Single Opposing Multiple
Material Type Pebble Platform Platform Platform Bifacial Totals

Chert 54(60.0) 5 (50.0) 1 (33.3) 15(51.7) -- 75 (55.7)
(Rancheria)* (17)(18.9) (3)(30.0) --- (5)(17.2) -- (25)(18.8)
Jasper 1 ( 1.1) ---........ 1 ( 0.8)
Chalcedony 10 (11.1) 1 (10.0) .. 11 ( 8.3)

Dolomite 10 (11.1) 3 (30.0) 1 (33.3) 3 (10.3) -- 17 (12.8)

T-Bird Rhyo Red 4 ( 4.4) 1 (10.0) --- 5 (17.2) -- 10 (7.5)
T-Bird Rhyo Black 1-- - ( 3.5) -- 1 (0.8)
Reworked Flow Rhyo --- 1 ( 3.5) -- 1 (0.8)
Soledad Rhyo 1 (1.1) 1 ( 3.5) -- 2 (1.5)
Other Rhyo 1 (1.1) 1-- I (100) 2 (1.5)

Siltstone 1-- - (33.3) 2 ( 6.9) -- 3 ( 2.6)

Quartzite 7 (7.8) 1 (3.5) 8 (6.0)
Metamorphic,
Undiff. 1 C1.1) -- 1 ( 0.8)

Quartz.
Sandstone 1 (1.1) -- 1 ( 0.8)

Totals 90 10 3 29 1 133

* Material frequencies in parentheses not calculated in column totals

p •
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Table 22. Material Composition of Cores -Keystone Site 37

Tested/Split Single Opposing Multiple
Material Type Pebble Platform Platform Platform Bifacial Totals

Chert 27 (32.9) 18 (410.0) 10 (45.5) 59 (57.3) 5 (62.5) 119 (45.8)
(Rancheria)* (3) ( 3.7) (11)(241.4) (5)(22.7) (17)(16.5) (1)(12.5) (37)(14.2)
Jasper 2 ( 2.41) 3 ( 6.7) 1 ( 4.5) 5 ( 4.9) --- 11 ( 41.2)
Chalcedony 11 (13.4) 14 ( 8.9) 2 C9.1) 9 ( 8.7) --- 26 (10.0)
Obsidian 14 C4.9) ----- 3 ( 2.9) --- 7 ( 2.7)
Silicified Wood 11 (4.9) 3 ( 6.7) -------- 7 ( 2.7)

Dolomite 10 (12.2) 5 (11.1) 2 ( 9.1) 12 (11.7) 1 (12.5) 30 (11.5)

T-Bird Rhyo Red 1 ( 1.2) 6 (13.3) 2 ( 9.1) 6 ( 5.8) 1 (12.5) 16 (6.2)
T-Bird Rf.yo Black --- 1 ( 2.2) 2 ( 9.1) 2 ( 1.9) --- 5 (1.9)
Reworked Flow Rhyo--- ---- I ( 4.5) 1 ( 1.0) 2---(2 0.8)
Soledad Rhyo 1 (1.2) --- 1 ( 4.5) 4 ( 3.9) --- 6 ( 2.3)
Rhyolite Tuff 2 C2.14) ----- -- 1 (12.5) 3 ( 1.2)

4Picacho Rhyo 1---C1 2.2) ----- -- 1 ( 0.4)
*Other Rhyo 6 C7.3) 2 (4.4) 1 ( 4.5) - ---- 9 ( 3.5)

Siitstone 1 C1.2) - ---- 1 (1.0) ---- 2 ( 0.8)
Sandstone 1 (1.2) ----- -- 1 ( 0.11)
Quartzite 3 (3.7) 1 ( 2.2) --- 1 (1.0) --- 5 C1.9)
Basalt 1 (1.2) ----- -- 1 o-04)
Silicified Shale 1 (1.2) - --------- 1 (0.41)
v'il ici fied
Siltstone 2 (2.41) ---------- 2 C0.8)

Metamorphic,
Undiff. 1 ( 1.2) -- -- - -- 1 C0.11)

Granite/Diorite 1 (1.2) 1 ( 2.2) 2---C2 0.8)
Quartz.
Sandstone 3 C3.7) ---------- 3 C1.2)

Totals 82 45 22 103 8 260

*Material frequencies in parentheses not calculated in column totals.
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Table 23. Material Composition of Flakes at
Keystone Sites 36 and 37

Material Type Keystone 36 Keystone 37

All Cherts 137 (50.7) 229 (42.1)
(Rancheria Cherts)# 3 4 (12.6) 60 (11.1)
Jaspers 7 (2.6) 8 (1.5)
Chalcedony 42 (15.6) 66 (12.2)
Obsidian 7 (2.6) 23 (4.3)
Silicified Wood 2 (0.7) 2 (0.4)

Thunderbird Rhyolite-Red 10 (3.7) 18 (3.3)

Thunderbird Rhyolite-Black 13 (4.8) 31 (5.8)
Reworked Flow TB Rhyolite 11 (2.0)
Soledad Rhyolite 6 (2.2) 23 (4.3)
Rhyolite Tuffs 1 (0.4) 4 (0.8) IFv

Other Rhyolites 9 (3.3) 11 (2.0)

Dolomite 25 (9.3) 83 (15.4) A

Sedimentary, Undif. 1 (0.4) r:
Sandstone 1 (0.4) 3 (0.6)
Basalt 5 (0.9)
Granite/Diorite 1 (0.2)
Quartzite 1 (0.4) 2 (0.4)
Quartzitic Sandstone 2 (0.4)

Siltstone 6 (2.2) 6 (1.1)
Silicified Siltstone 2 (0.7) 5 (0.9)
Silicified Shale 2 (0.4)

Totals 270 (100) 539 (100)

*Entries in parentheses not calculated in column totals
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Table 24. Material Distributions Among Flake Types

Keystone 36 Keystone 37

Material Type Primary Secondary Tertiary Primary Secondary Tertiary

Chert 9 80 48 35 135 57
(6.6) (58.4) (35.0) (15.4) (59.5) (25.1)

(Rancheria Chert*) 3 22 9 12 38 10
(8.8) (64.7) (26.5) (20.0) (63.3) (16.7)

Jasper 1 2 4 4 3 1 ,
(14.3) (28.6) (57.1) (50.0) (37.5) (12.5)

Chalcedony 1 19 22 5 37 24

(2.4) (45.2) (52.4) (7.6) (56.1) (36.4)

Obsidian 1 3 3 7 12 3
(14.3) (42.9) (42.9) (30.4) (52.2) (13.0)

Silicified Wood 1 1 --- 3 2 1

(50.0) (50.0) --- (50.0) (33.3) (16.7)

Dolomite 3 20 2 13 45 25
(12.0) (80.0) (8.0) (15.7) (54.2) (30.1)

(All Rhyolite*) 9 24 6 18 46 33
(23.7) (61.5) (15.4) (18.6) (47.4) (34.0)

Thunderbird
Rnyolite-Red 3 7 -- 4 8 6

(30.0) (70.0) -- (22.2) (44.4) (33.3)

Thunderbird
Rhyolite-Black 3 9 1 8 12 11

(23.1) (69.2) (7.7) (25.8) (38.7) (35.5)

Reworked Flow-Banded
Thunderbird Rhyolite ---..... 9 2

(81.8) (18.2)

Soledad Rhyolite 1 3 2 6 10 7

(16.7) (50.0) (33.3) (26.1) (43.5) (30.4)

* Rhyolite Tuff --- 1 --- --- 2 2

N--............ (50.0) (50.0)

Other Rhyolite 2 4 3 --- 6 5

(22.2) (44.4) (33.3) --- (54.5) (45.5)
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Table 24. Material Distributions Among Flake Types - Continued

Keystone 36 Keystone 37
Material Type Primary Secondary Tertiary Primary Seccndary Tertiary

Sedimentary,
Undifferentiated ---

(50.0) (50.0)

Sandstone 1 1-- 2
(100) --- (33.3) --- (66.6)

Siltstone --- 6 --- 3 3
(100) --- (50.0) (50.0)

Basalt --- 3 2
--- (60.0) (40.0)

Granite/Diorite ---......... 1
............ (100 )

Quartzitic Sandstone ---. 1 1
(50.0) (50.0)

Quartzite --- 1 1 1
(100) --- (50.0) (50.0)

Silicified Shale ---..... 1 1
(50.0) (50.0)

Silicified Siltstone --- 2 --- 3 2
- -(100) ---.... (6o.0) (40.0)

* Material frequencies in parentheses not calculated in column totals.
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Table 25. Material Composition of Utilized Flakes

Material Type Number and Percentage of Number and Percentage of
Utilized Flakes, Site 36 Utilized Flakes, Site 37

Chert 28 (44.4) 65 (37.0)

(Rancheria Chert)* (5) (8.0) (20) (11.4)

Jasper 3 (4.8) 1 (0.6)

Chalcedony 4 (6.4) 23 (13.5)

Obsidian 3 (4.8) 5 (2.9)

Silicified Wood 1 (1.6) 1 (0.6)

Dolomite 16 (25.4) 35 (20.2)

(All Rhyolites)* 5 (8.0) 32 (18.6)

Thunderbird Rhyolite-Red -- 6 (3.5)

Thunderbird Rhyolite-Black 1 (1.6) 5 (2.9)

Reworked Flow TB Rhyolite -- . 5 (2.9)

Soledad Rhyolite 2 (3.2) 10 (5.8)

Rhyolite Tuff 1 (1.6) 2 (1.2)

Other Rhyolite 1 (1.6) 4 (2.3)

Sedimentary, Undiff. -- 2 (1.2)

Sandstone 2 (1.2)

Quartzitic Sandstone -- 2 (1.2)

Quartzite 1 (1.6) --

Silicified Shale -- 1 (0.6)

Silicified Siltstone 2 (3.2) 4 (2.4)

Totals 63 100% 173 100%

*Material types in parentheses not calculated in column totals
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Table 26. Material Composition of Scrapers at
Keystone Sites 36 and 37

Material Types Keystone 36 Keystone 37

All Cherts 8 (53.3) 15 (33.3)

Jaspers - -- 2 (4.4i)
Chalcedony 2 (13.3) 5 (11.1)
Obsidian - - 2 (4.24)

Dolomite 3 (20.0) 13 (28.9)
Reworked Flow TB Rhyolite - 1 (2.2)
Soledad Rhyolite - 2 (14.4)
Rhyolite Tuf'f 1 (6.7)-
Other Rhyolite - 3 (6.7)

Granite/Diorite - 1 (2.2)

Silicified Siltstone 1 (6.7) 1 (2.2)

To tals 15 (100) 45 (100)

*Entries in parentheses not calculated in column totals
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functional relationship to more typical scrapers cannot be
determined on stylistic grounds alone. More than nalf of the
scrapers at Site Jo were of chert, with chalcedony and dolomite
also proportionately high. A lower percentage of chert wac noted
among the Site 37 scrapers, although a difference of proportions

test applied to all cryptocrystalline materials indicated no
significant distinction between the assemblages (Z = .8795, p =

.1894). Rancheria chert comprises 33.3% and 20% of the scrapers
from Sites 3b and 37 respectively, but when considering the
percentage of Rancheria relative to other cherts the use of this
material is roughly equivalent between sites (Site 36-62.5/./Site

37-60%). There is no apparent significant difference in the
quality of material used for scrapers at the two sites.

Table 27 summarizes the material distributions among the
remaining chipped stone tool categories. Hammerstones are included
here instead of with the later discussion of groundstone artifacts
because it is felt that there is a closer functional connection
between hammerstones and chipped stone tools and debitage.

Angular debitage selected for utilization resulted almost

exclusively from the reduction of the finer materials at both
sites, although Site 3/ has some amount of dolomite, rhyolite, and
quartzite. Chert was the most common material, probably because
the high degree of chert reduction at both sites would have or
naturally resulted in a higher proportion of suitable debitage.

Hammerstones are notable in that 83.3% and 91.1% of the
samples at Sites 36 and 37 respectively are of quartzite,
reflecting the strong predilection for the use of quartzite

cobbles from the local gravels. Dolomite and rhyolite cobbles
were also occasionally used for hammerstones.

At Site 37, choppers were produced mainly from dolomite
cobbles although chert and rhyolite were also used in small

quantities. No choppers were found at Site 36. One drill was
found at each site, and both are of chert.

Finally, the small sample of bifaces from both sites are
comprised mostly of chert. The only exceptions, at Site 3/, are

of dolomite and quartzitic sandstone (metaquartzite). This
material distribution is entirely expectable; given the greater
control needed to manufacture bifaces, the fine-grained rocks
would likely be the materials of choice whenever they were readily
available. Further evidence for the emphasis on
cryptocrystallines in biface production is provided by material
distributions among biface debitage.

It has been suggested that flaKes with converging dorsal
scars are indicative of the advance stages of biface manutacturing
and resharpening (Laumbach 1960) and that bidirectional flake
scars represent the use of a bifacial core and controlled
reduction sequence in a complex manufacturing trajectory for
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Table 27. Material Composition of' Other Tools at
Keystone Site 36

Material Ut. Chunk Hanimerstone Bif'ace Drill

All Cherts 4 (57.2) 1 (2.4) 1 (100) 1 (100)
(Rancheria)* (1) (1)--
Obsidian 1 (14.3) ------

Dolomite 1 (2.4)
Thunderbird 1 (14.3) 1 (2.4)----
Rhyol ite-Red

Quartzite -- 35 (83.3)----
Quartz -- 1 (2.4)

Igneous, Undif. -- 2 (4.8)----
Sandstone 1 (2.4)
Silicified Shale 1 (14.3) ------

Totals 7 (100.1) 42 (100.1) 1 (100) 1 (100)

Keystone Site 37

Ut. Hammer- Knife/ Pebble
Material Chunk stone Biface Chopper Drill Tool

All Cherts 17(54.9) --- 1(20.0) 2 (15.4) 1(100) 1(20.0)
(Rancherias)* (9) -- -- (1)--
Chalcedony 5(16.1) ---- --
Sili. Wood 1(3.2) --- 1(20.0) -- -- --

Dolomite 3(9.7) 1(2.2) 1(20.0) 7 (53.8) -- 2(40.0)

T-Bird Red 1(3.2) 1(2.2) --
Flow TB Rhyo 2(6.5) 1 (7.7)
Soledad Rhyo -- 1(2.2) ------ 1(20.0)
Rhyolite Tuff --- 1 (7.7) -- --

Other Rhyo -- 1(2.2) 2 (15.4) -- --

Quartzite 2(6.5) 41(91.1) ---- --
Igneous ------ 1(20.0)
Quartzitic- --- 2(40.0) ----

Sandstone Conglomerate

Totals 31(100) 45(99.9) 5(100) 13(100) 1(100) 5(100)

*Entries in parentheses not calculated in column totals
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bitaces (Chap:nan 1962:2j6). Table 28 illustrates the frequencies
of material types among flakes with such scar patterns at Sites J6
and i/. As expected, bitace manufacture deoitage is dominated, at
both sites, by the use of finer raw materials (59.2% -
Coarse-grained materials were more frequently used for bifaces at
Site 37, in accord with patterns already discussed above.

The relatively high percentage of chert and other fine-
grained materials at Site ib implies a greater degree of
selectivity in the use of local raw materials. That such
selectivity appears to be especially characteristic of tested
cores suggests that the procurement of preferred materials for
Later use may have been an important secondary strategy at Site
3b. In contrast, the occupants of Site 37 appear to have been
more eclectic in their choice of materials since medium and
coarse-grained materials are more prevalent at the latter site.
Since this distinction between the sites is evident in a variety
of artifact classes and reduction stages, the quality of local raw
materials appears not to nave placed any severe constraints on
their functional utility.

Such factors as availability of particular source materials
and the energy expenditure required for their procurement are the
factors often used to explain differential material use among
sites. However, in this case, these factors do not constitute
variables. As a result of the lithological analysis of the local
geomorphic surfaces (Chapter 5), it seems clear that the same
range of lithic resources would have been available to the
occupants of both sites. Furthermore, the local terrain suggests
that, prior to the construction of the Coronado Hills Subdivision,
a portion of the Tortugas surface would have been readily
accessible at Site 37 as it still is at Site 3b. Nor can
different technological requirements be invoked as a satisfying
explanation of the differences in material use. In Chapter I ana
in part of the present discussion, it has been noted that the
range of variability in features and artifacts is very similar at
the two sites. As a result, it seems most prudent to infer
similar functions for tne sites. There do not appear to have been
any tasks carried out at one site which would have required
difterentiaL material selection. Yet, resorting to idiosyncratic
variability is not a satisfying solution. If one assumes that
settlement systems embody a rational attempt to cope wi
environmental variability, another plausible explanation must be
considered. Althoug', Sites -b and 37 appear to have had similar
functions, they may have had different systemic contexts.

Bintord (19/9) has argued that lithic resource procurement
may generally be embedded within other more logistically organized
strategies. If typical materials in a region apply no significant
technological constraints to artifact production, the material
distributions may provide indirect evidence of the logistical role
of a site vis-a-vis the rest of the settlement system. It is
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Table 28. Distribution of Materials Within Dorsal Scar Pattern

Groups Indicative of Biface Manufacture

Keystone Site 36 Keystone Site 37

Material Type Bidirectional Converging Bidirectional Converging

Thunderbird Rhyolite 8.2% --- 5.6% 4.5%

Soledad Rhyolite 1.6 --- 4.6 5.7

Other Rhyolite 3.3 3.4 2.8 11.3

Dolomite 13.1 1.7 18.5 9.1

All Chert 54.1 64.4 47.2 38.7
(Rancheria)* (13.1) (6.8) (15.7) (8.0)

Chalcedony 16.4 18.6 15.7 18.2

Jasper 1.6 5.1 1.9 2.3

Other 1.6 6.8 3.7 10.2

Totals 100% 100% 100% I00%
n 60 51 101 77

Proportion of fine-
grained materials within 72.1% 88.1% 64.8% 59.2%

scar pattern groups
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suggested that the selectivity evidenced at Site 36 can be
explained by such factors. If Site 36 is viewed as a short-term
task group camp, ancillary to a base camp, selectivity in material
use becomes understandable. Since the plant processing activities
at the site would not have required the use of any particular
material type, the selection of cherts is best modeled as a choice
based on the intent to reduce the preferred materials at the base
camp. The fact that a less selective process was operating at
Site J7 suggests that the occupants were less constrained by such
logistical concerns. That is, Site J7 may have had a role as a
short-term base camp, wherein materials were collected to serve
the immediate needs rather than those of a logistically related
longer-term site.

This intriguing possibility clearly requires further
examination beyond that which is possible in this report.
However, in the sections that follow, additional data provide
further evidence of differences between the two sites. Patterns
in lithic reduction technology and tool functions provide support
for the model suggested here.

Lithic Reduction and Manufacturing Technology

The Lithic assemblages of Keystone Sites 36 and 37 are
both characterized by high proportions of flake tools, suggesting
an expedient manufacturing trajectory. However, although few
finished or shaped tools were recovered during the excavations at
these sites, the manufacturing of such tools cannot be ruled out.
As noted earlier, evidence of biface manufacture is present among
certain attributes of the debitage assemblage from both sites.

It is evident that the reduction of chipped stone tools at
Sites 3b and 37 is characterized by two different strategies. One
is the expedient reduction of cores for the purpose of removing
usable flakes. The second strategy is oriented towards the
production of bifaces. There is also a third, minor sequence at
Site 37 only. This is the direct reduction of nodules into large
pebble tools such as choppers.

A number of characteristics of the Site 36 and 31 reduction
technologies have been briefly reviewed in previous discussions,
and are relevant to this section. Other attributes of the chipped
stone assemblages to be considered in this section include the
amount of cortex remaining on cores and the types of dorsal scar

patterns on flakes.

The relative frequencies of primary, secondary and tertiary

flakes at Sites 36 and 31 were noted in Table 24. As mentioned
earlier, secondary flakes are the most common type in both
assemblages. However, there is a difference in the occurrence of
primary flakes, with Site 3b containing only 10!. compared to 174/.
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at Site 3/. A cross tabulation ot the occurrence of flake types
by site was used to test this pattern and it proved to be
statistically significant kchi-square = .044, df = 2, p = .W ).
One possible interpretation of this pattern might be that less
initial core reduction took place at Site 30, but such a view is
contradicted by the data on core reduction.

Table 29 provides a breakdown of cortex retention among core
types. It is clear that Site 37 contains a larger percentage of
cores which indicate more complete reduction. A chi-square test
of the distribution of core cortex groups by site indicates that
the pattern differs significantly from an expected random pattern
(chi-square = 15.5o78, df = 2, p = .001). Thus, the core data for
Site 36 provide less evidence for complete reduction than would be
expected on the basis of flake types. This apparent contradition
can best be resolved by reference to the simultaneous presence of
two different reduction strategies at the site.

Flake and flake tools were the primary end proauct of the
reduction sequences at both sites. However, biface manufacturing
may have been a more important facet of the lithic technology at
Site 3b. Table 30 shows the frequencies of dorsal scar patterns

*among flakes at Sites 36 and 37. Flakes exhibiting dorsal scar
patterns indicative of biface production (bidirectional and
converging) comprise 41.4% of the total at Site 3b but only 33.24.
at Site 37. These proportions are significantly different at p =
.01 (Z = 2.29), implying the proportionately greater importance ot
biface manufacture (as opposed to maintenance and discard) at Site
3b°.

Additional evidence for a higher degree of biface manufacture
at Site 36 is provided by the analysis of microdebitage from the
heavy fraction ot soil flotation samples. Agreater number of
microflakes were recovered from Site 36 soil samples (see below).

Data from Site 3b seems to indicate that the production of

bifaces (i.e., cores?) was more common at that site. Although
more actual specimens of bifaces and bitacial cores were
identified in the Site 37 lithic assemblage, it can be suggested
that the more intensive occupation of this site resulted in the
more frequent discard and deposition of such artifacts in the
context ot tool kit maintenance (five of the points collected at
Site Ji were damaged or fragmentary). Conversely, at Site 3b,
bifaces were apparently carried from the site, reflecting the
shorter-term logistic occupation of that site.

Bifaces were manufactured almost exclusively of fine-grained

siliceous materials at Site 36, and - correspondingly high amount
ot fine-grained tertiary debitage was produced. Therefore,
although a lesser amount of overall core reduction is present at
Site 3b, the manufacture of bifaces not deposited at the site
produced a higher percentage of tertiary debitage than would be

k~jW predicted from the remaining cores. At Site 31, a more thorough
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Table 29. Amount of Cortex Remaining on Cores from
Keystone Sites 36 and 37

Site 36

Type of Core 50+% 1% to 50% None Row Totals

Tested/Split Pebble 54 36 --- 90 (67.7)

Single Platform 7 3 --- 10 (7.5)

Opposing Platform 1 2 --- 3 (2.3)

Multiple Platform 7 21 1 29 (21.8)

Bifacial 1 1.. 1 (0.8)

Column Totals 70(52.6) 62(46.6) 1(0.8) 133(100)

Site 37

Tested/Split Pebble 59 23 --- 82 (31.5)

Single Platform 18 24 3 45 (17.3)

Opposing Platform 6 15 1 22 (8.5)

Multiple Platform 12 74 17 103 (39.6)

Bifacial 1 5 2 8 (3.1)

Column Totals 96(36.9) 141(54.2) 23(8.8) 260(100)
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Table 30 . Dorsal Scar Pattern Frequencies Among Flakes
Keystone Sites 36 and 37

Dorsal Scar Pattern Site 36 Site 37

Indeterminate 52 (19.41) 104 (19.4)

Unidirectional 105 (39.2) 254 (47.4) I
Bidirectional 60 (22.41) 101 (18.8)

Converging 51 (19.0) 77 (141.4)

Total 268 (100) 536 (100)

Total indicative of~
Bitace manuf'acture or
Sharpening i1l (41.4) 178 (33.2)

A7
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reduction of all cores is evident with the primary emphasis
directed toward the production of usable flakes from a variety of
both tine and coarse-grained materials.

Three other types of tools are represented as minor
components of tne Site 36 and 37 lithic assemblages impiying
additional reduction sequences or end products of such sequences.
At Site 3/ only, a small number of flakes were removed from large
rhyolite and dolomite cobbles in order to produce chopping tools
with durable edges. Core tools were found in significant
quantities at Keystone Site 32 (Fields and Girard 1983:166) and
Sites 33 and 34 (O'Laughlin 1980:194). Apparently this tool type
was not important at Sites 36 and 37, as only 1.2% and U.3% of the
respective lithic assemDlages are identified as utilized cores.
Those specimens which were utilized are almost exculsively of the
multiple platform variety. Scrapers are more formal examples of
flake tools, indicating a process of selection and edge
modification. Their characteristics are discussed below. The
general characteristics of the reduction strategies of Sites 36
and 37 are summarized below and in Figure 32.

Fine-grained materials. Site 3b was oriented towards
expedient production of flake tools with moderate amount of biface
manufacture and maintenance. Bifaces were curated and transported
from the site. Relatively high proportions of fine-grained
secondary and tertiary debitage were left behind. Site 37 shows
proportionateLy fewer flakes of fine-grained materials, but all
materials were reduced more thoroughly during the production of
usable flakes. Some biface manufacture is indicated by a moderate

degree of tertiary reduction.

Coarse-grained materials. Site 36 exhibits some use of

rhyolite and dolomite for flake tools. Almost no use of such
materials is indicated for bitace manufacture, and thus few

tertiary flakes of these materials were found. At Site 37,
coarse-grained materials were used for a variety of tools,
including flake tools and heavy bifaces. A few choppers were
manufactured directly trom large cobbles. Moderate frequencies of
coarse-grained tertiary flakes probably indicate retouching of
large tools.

ManutLacLuring Trajectories. The sequences of tool proauction
steps suggested by the data presented above are illustrated in
Figure 32. Those sequences thought to be the most thorough are

shown near the bottom, while the more expedient processes are at
L110 top.

Functional Analysis ot Chipped Stone Tools

The initial classification of chipped stone artifacts into
typologicai categories such as scrapers, choppers, drills, and
utilized tlakus, cores, and chunks is usually dependent upon
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C1nsidcr,t i-ns or morphoLogical and stylistic attiriDutes.

flowever, this manner ot categorization, based as it is upon
ItLriDutes ot tool sndl)e, can provide only a very general tnsight

into tEe functions ot chipped stone tools. in recent years, the

(e2p:LSs has stlitted from such classifications to a concern with

edge orphology and wear patterns.

Semen0V (I 9t4) demonstrated that the utilization of tool

edges for different activities results in distinctive patterns of
microscopic edge wear. Subsequent studies have for the most part

been concerned with the determination of various wear patterns
resIltilIg from the functionally specific use of tools on a number

of ditterent medi - (Aler, 19/1; Keeley 1974; Keller 196b;
SL Ingtla -, et at 1914; Udeli 1914; Odell and Vereecken 196u;

Cnapmain 19i7; Chapman and Schutt 19/Y; Frison 1978; Scnutt 1979,
t'9ou0. In addition, both Semenov (19o4) and Wilmsen (19/U)

examined the suitability of various edge angles for the

p,.rtormance of dirferent tasks.

Aithough promising, tnis research is still in an early stage

ot development and the significance of edge angles, wear patterns,
edge outlines, and other attributes as they relate to performance

ot prenistoric activities is still being debated (Hayden and
Karnoinga 1919). A number of variables condition the wear patterns
otserved on chipped stone tools, including the type of material

usd to manutacture the tool, the texture and resiliency of the
medium upon which the tool is utilized, the angle at which the
tool is applied to the medium, and the duration and form of tool

use (usually scraping, sawing, or cutting) (Chapman 1917:378).
Tie fact that any combination of these factors could have been -,

responsible for the wear patterns observed on a particular tool
has titas far made conclusive assessments linking specific wear

p.iterns to specific activities difficult.

Although it is not possible at the present time to determine

the exact task for which a tool was utilized, analyses of edge
morphology and wear pattern variability can nevertheless provide

viluable information on the general range of activities performed
at a particular site. A delineation of such general activity

cLasses as Light or heavy cutting, scraping, chopping, sawing, or

pertorattng is ot special importance for this study, as the

identitication of certain wear patterns and edge types can provide
cirtboritive evidence tor the proposed tunctional interpretations

,o the large and small fire-cracked rock features excavated at

Sites )o and J/. of course, any correlations between functional

iLnterprtations of litnic assemblages and archeological features

, r KCystone Sites J and 3/ by nature requires a number of

<issnmpt ions about tLe activities performed during tie prenistoric

%)rsilg ot let succulents. Such activities have, however,
been tocumented in the ethnographic literature, and as noted
het )w, irt retlected In the edge attributes observed for both

22/
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A tiL1al point for consideration involves the overall

tunctional differeltiation between Keystone Site J6 and Site 37. A.

It has been stated previously that the presence of pit structures
at Site j7 implies a residential aspect contrasting with the more
taisK-specitic nature of Site 3b. It was further suggested that a
broader range of activities at Site 37 might be reflected in the
range of tool types represented in the collection. This

expectation was not met, implying the general functional
equivalence of the two sites. The characterization of functional

variability is extended in this section to a consideration of the
occurrenec of Selected edge attributes at the two sites.

d Modification

Edge modirication patterns were noted on a variety ot
artifacts at Keystone Sites 36 and 37 including flakes, cores,
scrapers, choppers, drills, and utilized angular deoitage

(chunks). The projectile points also have modified edges, but are
excluded from this discussion as they exhibit no wear patterns and

there is a general agreement on their specialized function. in
the following analysis, each modified or utilized edge is treated

as a distinct unit, and thus for each site there are discrepancies
between the number or modified edges and the number or utilized

tools. At Site 36, for example, 85 utilized edges were recorded
on b3 utilized flakes and were analyzed as 65 discrete units.

Utilized flakes and scrapers exhibit by far the greatest
amount of edge modification and wear pattern variability and the

following discussion deals primarily with these artifacts.
Utilized flakes were categorized as either primary, secondary, or

tertiary in order to monitor any intersite differences in
reduction strategy. All scrapers were analyzed as a single class.
Less attention is devoted to the remaining artifact categories of
utilized cores, choppers, and utilized chunks, as these exhibit

Little variation among their respective edges and are relatively
intrequent among the total tool assemblages of both sites. Drills

are also rare, representing only 0.24 and U.i/. of the total
assemblages from Sites 36 and 3/ respectively. As with projectile

points, their function is presumed on formal grounds and no wear
p:ILterns other than a slight polish were noted.

in Chapter 3 it was suggested that differences in the
diritwin of occupation at sites might be rerlected in the

% intensity of tool use. Specitically, it was nypothesized that
lunger-term sites should contain proportionately fewer tools and

fewer utilized edges (Hypothesis 3). As discussed at the
beginning of this cnapter, the distribution of artitact classes

does not appear to conform to this expectation. The occurrence of

utilized edges at the two sites presents a similar pattern.

% .
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Data on the numbers of modified edges, by tool type, are

shown in Table 31. Scrapers are the most abundant formal tools in
the sample, with 15 from Site 3b and 45 from Site 37. While the
overall proportions of scrapers in the two assemblages are
comparabLe, the tools appear to have been more extensively

utilized at Site i7. Sixty-two percent of the scrapers at Site 37
extiibit two or more modified edges but less than half k4b.b/.) of

those at ib show that degree of utilization. However, a
difterence of proportions test indicates that the pattern is not
significant (Z = -1.0612, p = .1446). The difference in the
average number of modified edges per tool (1.1 versus 1.8) is also

not signiticant (t = -.3934). These results do not support V
Hypothesis 3 since the proposed differences in duration have not

aftected intensity of use among formal tools. One possible reason
for this result may be the fact that the expectations built into

the hypothesis were originally derived from the comparison of
villages and camps (Most and hantman 1984). It may well be that

the measure "intensity of tool use" is insensitive to variability
among small camps.

Among utilized flakes, slightly greater percentages

exhibiting 2 or more utilized edges occur at Site 37 (11.6% versus
/.9/). As in the case of scrapers, however, this tendency is not
statistically significant (chi-square = 2.191, df = 2, p = .25).
Lt would appear that there are no significant differences betweenI

the intensity of utilization of chipped stone tools at the two
sites. Since both sites are interpreted as short-term camps with

similar overall functions, the comparable intensities of tool use
are perhaps expectable. Nevertheless, additional data derived
from this same set of tools provide some evidence, presented in
the next section, for differential task orientation at Sites 36
and 37.

Edge Morphology and Tool Function

In order to examine potential variability in edge morphology,

three main attributes were monitored: edge angle, type of retouch
and use wear pattern. These can be briefly defined as follows:

Edge angle is the angle of a utilized edge formed by the
nLtersection of the dorsal and ventral surfaces of the artifact.

Tie angle resulting from wear patterns on the edge margin was not

conisidered (see Tringham et ai 19/4:1/6-16U). Edge angles were

plotted on polar coordinate graph paper and were estimated to the
nearest ) degrees.

Edg-_ retouch is the removal of small tlakes from the

periineti'r of an edge. The flakes do not extend over more than a
third ot tLe dorsal or ventral artitact surface. Retouched edges
were presumably altered for specific reasons, such as adjusting

edge shape, increasing edge strength or resliarpening (Chapman
19 1: 31). The range of retouch types resulting from these
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Table 31. Incidence of Edge Modification by Artifact Type
Keystone Sites 36 and 37

Number of Edges Site 36 Site 37
Artifact Modified N % N %

Flakes 1 42 15.7 111 20.7
2 20 7.5 51 9.5
3 1 0.4 11 2.1

Total number of utilized flakes 63 24.1 173 32.3
Total number of utilized edges 85 246

Cores 1 5 3.8 2 0.8
2 1 0.8 1 0.4
3 1 0.8 -- -

Total number of utilized cores 7 5.4 3 1.2
Total number of utilized edges 10 4

Scrapers 1 8 53.3 17 37.8
2 3 20.0 19 42.2
3 4 26.7 9 20.0

Total number of scrapers 15 100% 45 100%
Total number of utilized edges 26 82

1 5 71.4 13 81.3
Chunks 2 2 28.6 3 18.7

Total number of utilized edges 9 19

Choppers 1 -- 13 100%
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activities at Sites 3b and 31 can be condensed down to three basic

categories based on the location of occurrence on an edge:

unidirectional dorsal, unidirectional ventral and bidirectional.

Hereafter these are referred to as dorsal, ventral and bifacial

retouch.

Edge wear consists of various sorts of damage imparted to the

edge of a tool as it is used. If the wear is patterned it may be

possible to infer the nature of the task or, at least something

about the medium on which the tool was used. Different types of
use wear are generated by the combination of various edge types

applied to different worked media. Detailed discussions of use
wear interpretation are available elsewhere in the literature

(e.g., Ahler 1971; Keeley 1980: Wilmsen 1970; Chapman 1977; Schutt

and Vierra 1960) and the topic need not be reiterated here.

Suffice it to note that tne following types of edge wear were
monitored for the present study: microfiakes, blunting, stride,

polish, attrition and battering.

In the sections that follow, the distributions of various

edge angles, edge types and wear patterns are used to delineate
general classes of activities. Comparisons ot the assemblages

from Sites 36 and 37 provide some basis for inferring different
ranges of activities at the sites. Patterns in the occurrence of

these characteristics are presented first for utilized flakes,
then for scrapers and other tools.

TabLe 32 presents data on the degree of utilization by flake

type at Sites 36 and 37. It is apparent by referring to the

column totals that different patterns of flake selection were in

operation at the two sites. At Site 3b, 68% of the utilized items
were secondary flakes, compared to only 39.-3 at Site 3/.

Conversely, Site 37 exhibits higher percentages of the primary and
tertiary categories than does 3b. This pattern was tested in a

contingency table of utilized flake type by site, and the
distribution ditfers significantly from the expected frequencies

(chi-square = 15.986, df = 2, p = .001). The most striking
departures from the expected distribution are in the higher

proportions of secondary flakes and lower proportions of primary

and tertiary flakes at Site 3b.

The distribution of reduction categories noted in Table 32

snould not be considered as merely a by-product of different
amounts of raw material reduction at the two sites, but as a

patterned response to the tool requirements of differing tasks.

Tertiary flakes frequently have very narrow edge angles while P

secondary and primary flakes are characterized by larger angles.

The differences between edge angles are to some extent a result ot
the mechanics of flaKe removal. However, flakes removed from

cores were not chosen at random for use or modification but were

more Likely selected with reference to their suitability for

performing a specific task. In other words, the edge angle of a

flake conditions the "functional requirements" for the utilization
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Table 32. Utilization by Flake Type

Keystone Site 36

Primary Secondary Tertiary Total

1 Utilized Edge 5 (7.9) 26 (41.3) 11 (17.5) 42 (66.7)

2 Utilized Edges 16 (25.4) 4 ( 6.3) 20 (31.7)

3 Utilized Edges 1 ( 1.6) 1( 1.6)

Total 5 (7.9) 43 (68.3) 15 (23.8) 63 (100)

Keystone Site 37

Primary Secondary Tertiary Total

1 Utilized Edge 20 (11.6) 52 (30.0) 39 (22.5) 111 (64.1)

2 Utilized Edges 12 ( 6.9) 16 ( 9.3) 23 (13.3) 51 (29.5)
3 Utilized Edges 4 ( 2.3) 7 ( 4.1) 11 ( 6.j')

Total 36 (20.8) 68 (39.3) 69 (39.9) 173 (100)

Site 36 Site 37

Percentage of primary flakes utilized 19.2 39.1
Percentage of secondary flakes utilized 27.2 23.2

Percentage of tertiary flakes utilized 17.9 45.4
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of that flake (Wilmsen 197U:92). This process has also been noted
by Schutt (19b0) during a series of replicative experiments, where
she found that after a short time of experimentation she was able
to visually select flakes with edge angles meeting the functional
requirements of certain activities.

The implications of this selection process can be applied to
the pattern of flake use at Sites 3b and 37. The relatively
greater use of tertiary flakes at Site 37 implies the performance
of tasks requiring small, sharp edge angles, and thus strategies
of core reduction were oriented towards the production of tertiary
flakes having generally narrower edge angles. on the other hand,
the more frequent use of secondary flakes at Site 36 implies a
different emphasis in the tasks conditioning flake selection.
This possibility is further examined below in the discussion of
edge angles.

Due to the problems inherent in assigning particular wear
patterns to specific activities, the morphological attribute of
the angle of a utilized edge is considered as the most reliable
indicator of general realms of tool use activities (Semenov 1964;
Wilmsen 1970). Therefore, this is a reasonable place to begin the

* discussion of tool functions.

Figures JJ and 34 illustrate the distribution of utilized
flake edge angles among the three reduction categories at Sites 36
dnd 3/. The histogram bars combine the angles by J degree
increments. At both sites, a wide range of edge angles are
indicated from less than 20 to 90 degrees. At Site 37 this range
occurs among all flake types but at 36, primary flakes are limited
LO larger edge angles. Despite the fact that a range of edge
angles occur on both sites, the general distributions are quite
different, characterized by larger angles at Site 36 and narrower
angles at Site 37. This distinction becomes even more clear when
the two distributions are superimposed (Figure 34). It is evident
that most edges at Site 36 have angles in the range of 60 to 90
degrees. The distribution at Site 37 is nearly the reverse, with
most edge angles in the 10 to 50 degrees. In addition, the angles
from Site J/ span a wider range than was recorded for 3b.

Semenov (1964) and Wilmsen (1970) have stated that certain
ratiges ot edge angles are more efficient than others for tne
performance of some general classes of activities. Wilmsen further N.J
suggests that edge angles between 26 and 35 degrees are efficient
for cutting meat, sin, and other soft materials. An angle
between 4b and 55 degrees is best for moderate hide scraping,
plant shredding, and heavy cutting of bone, wood, or horn. An

L ~ angle between t)6 and 15 degrees is suggested as most useful for
heavy scraping, sawing, cutting, or working of hard materials.
Other experimenters have elaborated upon other factors which may
determine the suitability of various angles. Edge angles of 20
degrees or less have little edge strength and do not withstand %

231 %

2 i 4



12

u9-

Nb
C4m c (0 ) V tv 4 9

23
U%

-I.g



<2*
-r

S I .*%
I.

2 4
--I'III

iI~ 2

S

it'
Sj 4..

a,.

I
I

U,.-

S
I-

I
-:1*
en

I

~ 'I.,

P p p 9 6 6 N C S~ V fl N -

U,.4,

at'ii I.'

-r

235

4%
U.-



stress well, and thus will deteriorate when used for such
activitics as wood working (Schutt 1980). Edge angles around 3U
degrees were found to be the most useful for wood whittling, and
they also appear to be the most suitable for hide processing
(Schutt 1980). Edge angles within the bU to 90 degree range can
absorb heavy stresses and are thus best for working and scraping
hard materials (Wilmsen 1974:91).

In their analyses of the lithic assemblage from Keystone Site
32, Fields and Girard (1983:179) separate the sample of edge
angles into three divisions: 10 to 40 degrees, 41 to 6U degrees
and b1 to 90 degrees. O'Laughlin (1980:190) separates the Site 33
and 34 edge angle sample of utilized flakes and retouched flakes
into two divisions: less than 55 degrees and greater than 55
degrees. The three categories used in the present analysis are
similar to those used by Fields and Girard: 5 to 40, 41 to bU and
61 to 90 degrees. Each of these groupings has a series of
associated implied activities. In light of the experimental
results mentioned above, the three edge angle groupings can be
characterized as reflecting different tasks. Utilized flakes with
edge angles between 5 and 40 degrees can be considered as tools
for very fine cutting, scraping, and sawing of soft materials.
Flakes with angles from 41 to 60 degrees represent medium cutting,
scraping, and sawing of soft and relatively unyielding materials.
Angles between bi and 90+t degrees can be regarded as used for

heavy activities performed on hard or coarse materials.

From Figure 35 and Table 33 it would appear that various
**light" activities were more prevalent at Site 37 while "heavy"
tasks were more important at Site 36. Both sites have roughly
equivalent proportions of edge angles in the 41 to 60 degree
range, indicating considerable overlap among "medium" activities.
However, the overall patterns at the two sites are very
distinctive. A cross tabulation of the column totals from Table
33 (edge angle groups) by site indicates the distribution is
statistically significant (chi-square =107.18, df = 2, p = .001).
Thus, the patterns of edge angles among utilized flakes suggest
that different types of tasks were emphasized at the two sites.
This suggestion is further supported by data on the occurrence of

use wear types.

Before discussing the data from Tables Jia and b, a brief
review of the significance of wear patterns is in order. As noted
at the beginning of this section, there is still considerable
debate over the meanings of various patterns. However, some
genecal conclusions are acceptable. Unifacial micruflakes have
been found during experimentation as usually resulting from
scraping activities, while bitacial microflakes are considered to
be the result of various cutting or sawing activities (Semenov
1904: Wilrnsen 19/U). Experiments have also found that rounding
results from the use of an edge on soft materials like grasses,
soft wood, and hides (Chapman 1971:366). Attrition occurs only on
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the edge perimeter and is caused by the hard sawing or cutting of

bone, wood, and possibly meat with the edge of the tool held %

perpendicular to the medium (Chapman 1977:36o). Other wear

patterns include polish, which has been found in some experiments
to result from the cutting of grass-like vegetal materials or soft
scraping of hides (Chapman 1917:386), and striations which result
from the scraping ot a medium which is harder than the material of NIP

the tool (Scnutt and Vierra 196):49).

The distributions of various wear patterns by edge angle are

presented for both sites in Tables 33a and 33b. The occurrence of
wear types is listed separately for unretouched and retouched

flakes. The values in parentheses are frequencies relative to the

total number of utilized edges at each site (85 at Site 3b and 246

at Site 3/).

The distribution of wear types at the two sites provide

additional evidence for emphasis on different types of activities.
At Site 3u, edges exhibiting unifacial microflakes make up

greater than 60. of the edge wear total, compared to only about
4U/. at Site J1. A difference of proportion test indicates that

the distinction is statistically significant (Z = 3.3865, p =
.0001). The indication is that wear-producing activities at Site

36 were more narrowly focused, while at Site 37 a (presumably)
wider range of activities produ:'d more variable patterns of use

we ar.

Another notable pattern concerns the distribution ot wear by

edge angle. At Site 36, the combined frequencies of rows
indicating unifacial microflake patterns total 48.2% within the 61

to 90 degree edge angle grouping. This implies that nearly 50% of
the activities performed at Site 3o with utilized flakes involved
heavy scraping, cutting, or shredding of relatively durable
materials. On the other hand, at Site 31 these inferred functions

comprise only a 6.5% sample of utilized flakes. The activities
most likely represented in the Site 37 sample of utilized flakes

are light cutting of soft materials (29.2%) and light scraping of
soft materials (284,). Attrition wear patterns are also common at

Site 37, and there is a greater variety of wear patterns which are
distributed more evenly among the three edge angle functional

groupings. :%

A cross tabulation of the distribution of unitacial

microflake wear by edge angle groups indicated that the pattern
differs signiticantly from the distribution expected due to random

variation (chi-square = 63.1749, df = 2, p = .01).

The distribution of the edge angles recorded on the sample of

scrapers analyzed from Sites 36 and 37 is illustrated in Figure

3o. It can be seen that, unlike the pattern of utilized flakes,
there is little variation among scrapers between the two sites.

Both sites have peak distributions centered between 00 and 80
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Table 33a. Functional Analysis of Utilized Flakes kOccurrence of Wear Patterns Among Edge Angle Groups

Keystone Site 36

Edge Retouch and Edge Angle Functional Groupings
Wear Patterns 5 to 40 41 to 60 61 to 90+ Row Totals

No Retouch

Unifacial Microflakes 3 (3.5) 9 (10.6) 25 (29.5) 37 (43.5)
Bifacial Microflakes 4 (4.7) 5 ( 5.9) 10 (11.8) 19 (22.4)
Striae -1 (1.2) 1 ( 1.2)
Attrition 1 (1.2)

Retouched

Dorsal w/ Unifacial Micro 1 (1.2) 3 ( 3.5) 11 (12.9) 15 (17.6)
Dorsal w/ Bifacial Micro 3 (3.5) ---- 1 ( 1.2) 4 ( 4.7)
Ventral w/ Unifacial Micro ---- 1 1.2) 5 ( 5.9) 6 ( 7.1) 1

Ventral w/ Bifacial Micro ---- 1 1.2) 1 (1.2)
Bifacial w/ Bifacial Micro ---- 1 ( 1.2) 1 (1.2)

Totals 11 (12.9) 19 (22.4) 55 (64.7) 85 100%

Note: Entries within parentheses are proportions of total sample of 85 utilized edges

Total number of
Unmodified flakes 7 (63.6) 14 (73.7) 37 (67.3) 58 (68.2)

Total number of
Retouched flakes 4 (36.4) 5 (26.3) 18 (32.7) 27 (31.8)
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Table 33b. Functional Analysis of Utilized Flakes
Occurrence of Wear Patterns Among Edge Angle Groups

Keystone Site 37

Edge Retouch and Edge Angle Functional Groupings

Wear Patterns 5 to 40 41 to 60 61 to 90+ Row Totals

No Retouch

Unifacial Microflakes 46 (18.7) 16 (6.5) 9 (3.7) 71 (28.9)

Bifacial Microflakes 68 (27.6) 13 (5.3) 4 (1.6) 85 (34.5)

Rounding 2 (0.8) 2 (0.8)

Striae 1 (0.4) 2 ( 0.8) 3 ( 1.2)
Polish 3 (1.2) 2 ( 0.8) 1 (0.4) 6 (2.4)

Attrition 18 (7.3) 5 ( 2.0) 1 (0.4) 24 (9.7)

Retouched

Dorsal w/ Unifacial Micro 10 ( 4.1) 11 ( 4.5) 6 (2.4) 27 (11.0)

Ventral w/ Unifacial Micro 10 ( 4.1) 1 ( 0.4) 1 (0.4) 12 ( 4.9)

Ventral w/ Bifacial Micro 2 ( 0.8) 1 (0.4) 3 ( 1.2)

Ventral w/ Polish 1 ( 0.4) 1 ( 0.4)

Bifacial w/ Unifacial Micrc 3 (1.2) 3 (1.2)
Bifacial wI Bifacial Micro 2 (0.8) 2 (0.4) 2 (0.8) 5 (2.0)

Multiple Damage Types 3 (1.2) 3 (1.2)
Platform Retouch, Unifacial 1 (0.4) 1 (0.4)

167 (67.9) 51 (20.7) 28(11.4) 246 100%

Note: Entries within parentheses are proportion of total sample of 246 utilized edges

Total number of
Unmodified flakes 136 (81.4) 38 (74.5) 17(60.8) 191 (77.6)

Total number of
Retouched flakes 31 (18.6) 13 (25.5) 11(39.2) 55 (22.4)
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degrees, although Site 3/ has a number or samples with smaller

angles. Whether or not this indicates any functional difference

depends on whether there are any significant variations among the

wear patterns observed on these groups.

Taole 34 snows the frequencies of wear patterns among the
t ree edge angle groups for scrapers Considering the

distributions of wear patterns, edge angles, and associated

activities for each site, two general patterns are apparent.

First, the prominence of unifacial microflake wear in the large

angle category reflects an emphasis on various heavy and medium

scraping or shredding activities, although the occurrence of

bifacial microflake wear patterns indicates that some cutting or Z.

sawing tasks were also performed. A chi-square test revealed no

significant difference between sites in the distribution of

scrapers among edge angle groups (chi-square = 2.4952, df = 2, p
.30).

However, the scraper edge angle distributions relate

differently to utilized flake edge angles at the two sites (see

Figure 36). At Site 3b, scraper edge angles are concentrated in

the same range as utilized flake angles. This implies that both

types of tools, although formally different, served similar

functions. in contrast, at Site 37 scraper edge angles complement

'S the distribution for flake edge angles: scrapers have primarily

larger edge angles while utilized flakes tend to tali in the 5 to
4U degree range. This pattern indicates that a wider range of

tasks were undertaken at Site 37, with formal scrapers providing

edges for heavy scraping, and flakes being used primarily for

Light and medium cutting tasks. This latter function is not

unexpected for flake tools. What is notable is that utilized

flakes did not function in this manner at Site 36. Instead, they

were largely functional equivalents to formal scrapers. This

convergence of edge angles among formally distinct tool classes
implies some degree of specialization in the activities carried

out at Site Jb.

it is still not possible to associate particular edge angles

and wear patterns with specific behaviors at Keystone Sites 36 and

3/. Neverthless, it should be noted that the archeological

materials are compatible with ethnographically documented

activities at agave roasting camps. Basehart (1974) describes the

processing ot leaf succulents by the Mescalero Apache as involving
shre(dding, scraping, pounding and cutting. Since the textures of

[eat succulents are rather coarse and fibrous, it is reasonable to
identIty those activities as requiring large edge angles in the

medium or heavy use categories.
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Table 34. Functional Analysis of Scrapers

Occurrence of Wear Patterns Among Edge Angle Groups

Keystone Site 36

Edge Retouch and Edge Angle Functional Groupings

Wear Patterns 5 to 40 41 to 60 61 to 90+ Row Totals

No Retouch

Unifacial Microflakes 1 ( 3.8) 5 (19.2) 6 (23.0)

Bifacial Microflakes 1 ( 3.8) 1 ( 3.8)

Retouched

Dorsal w/ Unifacial Micro 3 (11.5) 7 (26.9) 10 (38.4)
Dorsal w/ Bifacial Micro 2 ( 7.7) 2 ( 7.7)
Ventral w/ Unifacial Micro I (3.8) 1 (3.8) 2 ( 7.7)
Bifacial w/ Bifacial Micro 1 ( 3.8) 4 (15.4) 5 (19.2)

Totals 0 6 (22.9) 20 (76.8) 26 (100%)

Keystone Site 37

No Retouch

Unifacial Microflakes 1 ( 1.2) 3 (3.7) 4 (4.9)

Attrition 1 ( 1.2) 1 (1.2)

Retouched

Dorsal w/ Unifacial Micro 1 (1.2) 4 (4.9) 44 (53.7) 49 (59.8)

Ventral wI Unifacial Micro 1 ( 1.2) 10 (12.2) 11 (13.4)
Ventral w/ Bifacial Micro 2 (2.4) 2 (2.4)

Bifacial w/ Unifacial Micro 2 (2.4) 2 (2.4)

Bifacial wI Bifacial Micro 3 (3,7) 3 (3.7) 5 (6.1) 11 (13.4)

Multiple Damage Types 1 (1.2) 1 (1.2)

Platform Retouch 1 - 1.2) 1 (1.2)

Totals 4 (4.9) 11 (13.4) 67 (81.7) 82 (100%)

Note: Entries within parentheses are proportions of total sample.
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FIGUR 36 :SCRAPER EDEANGLES, KEYSTONE 36 and KEYSTONE 37.
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Utilized Cores

Utilized cores represent a small component of the lithic

assemblages from both Sites 36 and 37. Seven utilized cores were
anaLyzed from the Site Jb assemblage and three from Site 37,

providing a sample of ten utilized edges and four utilized edges
respectively. Almost exclusively the edge angles recorded on all

utilized cores are in the range of 75 to 90+ degrees, and the

materials identiried include only chert and rhyolite.

of the ten utilized edges on cores at Site 36, four had been
retouched and exhibited wear in the form of bifacial microflakes.

uf the remaining six unmodified edges, four have unifacial

microflakes and two have rounded edges. At Site 37, only one edge

exhibited retouch scars and all four samples showed wear in the

form of unifacial microflakes.

The small sample of utilized cores precludes any detailed

comparisons between sites. However, based upon the available
evidence, it would appear that the shaping of cores in order to

obtain an edge suitable for utilization was a more important

factor at Site 36.

The wear patterns observed on the edges of the utilized core

sample indicate that various heavy scraping and shredding
activities were predominant. The use of cores for chopping

acti.vities can be ruled out as no battering or other wear patterns

indicative of this form of activity were noted.

Utilized Chunks

Among the samples of angular debitage analyzed for both

sites, seven specimens at Site 36 and 16 at Site 37 exhibited wear
patterns and edge modifications. The total number of edges

recorded for each site was nine for Site 36 and 19 for Site 37. No
difference in edge angles or wear patterns were noted between

sites.

The edge angles from the utilized chunks at both sites were

evenly distributed from 30 to 90 degrees. The proportions of

retouched to unmodified edges were roughly 504 to 50/. for both

sites, and unitaciaL microflake wear patterns were predominant.

Choppers

Tnirteen choppers were identified in the Site 3/ littiic

assemblage, but they were completely absent at Site 36. The edge
angles recorded on the sample of choppers ranged from U to too

degrees and all exhibited a substantial amount of crushing,

battering, and numerous hinge fractures.
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Although the specitic activity involving the use of choppers

can not be identitied, the absence of this tool class at Site 36

implies that the associated chopping activity was not common at

that site.

Summary

In the preceeding section, data have been presented from

litnic analyses relating to four main topical concerns: artifact

distributions, raw material use, reduction technology and tool

edge function. Although the lithic assemblages of Sites 36 and J7
are generally very similar, significant differences were observed

within each of the four main topic areas. The findings do not

provide strong evidence for major functional differences between

the sites but they do imply different logistical relationships to
their respective settlement systems.

The general patterns of artifact distribution are similar at

Sites ib and 37. The range of artifact types represented on each

siue are comparable and any differences are likely due to the

effects of sample size. In addition, the more formalized,

functionally diagnostic tool types occur in similar proportions at

both sites. Nevertheless, significant differences between the

assemblages were documented which relate mainly to the collection

and initial reduction of lithic raw materials. Site 36 contains
significantly higher proportions of tested cores, hammerstones,

anvils and angular debitage, all items closely associated with the

selection and reduction of pebbles from the local gravel deposits.

Site 37 is characterized by a higher proportion of flakes, a

condition expected for base camps where the manufacture and

maintenance of tools would produce greater amounts of debitage.

It is suggested that, although the sites are functionally

similar, they reflect different logistical strategies. The high

proportion of tested cores and hammerstones but relatively low

proportion of flakes suggests that core selection, but not
necessarily subsequent reduction, was an important activity. This

can be explained by viewing Site 36 as a short-term task group
site ancillary to a more permanent base camp. Lithic procurement

was embedded within the more general function of plant processing.

Many cores were tested for suitability for further reduction which
appears to have taken place elsewhere. The same logistic

constraints appear not to have operated at Site 37 where initial

core reduction is a more balanced aspect of the range of behaviors

carried out.

This model of the logistical organization of activities at

Site 36 is supported by the observed patterns of raw material use.

Virtually all ot the raw materials on both sites are readily

available in the local gravels. However, differential use of the

resources is indicated by the pattern of distribution in material

quality. Site 36 contains significantly higher proportions of
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chert and other fine-grained materials, indicating a greater
degree of selectivity in raw material use. Such selectivity is
understandable it materials (most likely preferable types) were
being collected for removal to a more permanent site. There is no
evidence that particular rock types were required for specific
tasks carried out at either site. The lower proportion of cherts
at Site 37 simply reflects a more eclectic pattern of procurement.

Characteristics of the reduction trajectories at the two
sites provide additional evidence of the differences already

identified. The higher proportion of tertiary flakes at Site 37
is indicative of more thorough core reduction directed, at least
in part, towards the production of usable flakes. Significantly
more tertiary flakes were utilized at the site than at Jb. In
contrast, Site 36 exhibits more evidence of biface manufacture in
the form of higher proportions of converging dorsal flake scars
and (pressure retouch) microflakes. The lack of bifaces but
presence of biface debitage at Site 36 probably reflects a curated
aspect of the overall technology, an aspect related to the
logistical nature of the camp. Any bifaces produced at the site,
along with some tested cores of preferred materials, were
apparently removed from the site for use elsewhere.

Finally, the analysis of edge morphology suggests that
different types of tasks were emphasized at the sites. At Site

36, edge angles on all tools tend to cluster in the 61 to 90
degree range, with utilized flakes functioning in the same manner
as scrapers. In contrast, the utilized flakes at Site J7 have
predominately narrow edge angles, indicating functions

complementary to those carried out by scrapers. The wider range
of edge angles at 37 implies a wider variety of on-site
activities. Edge wear patterns point to the same conclusion,
since a greater emphasis on heavy scraping is evident at Site Jb.
in all four areas of analysis, there are indications that the
assemblage at Site 3b reflects an occupation(s) that is in some
sense more specialized. It is suggested that the observed
patterns may represent differences in the systemic contexts of the
two sites. Although both are plant processing camps, Site 36
appears to have been occupied for shorter periods and for more
specific purposes. This model is discussed further in Chapter 13.

deavy Flotation Microdebitage AnaLysis

The recovery of specimens of microdebitage from the heavy
fraction of soil flotation samples can provide a body of data
relevant to a number of concerns. The shaping and resharpening ot
a number of tools, especially bitaces, frequently result in the
deposition of minute flakes in the areas where such activities
were performed. The recovery ot such flakes furnishes evidence
for the identification of activity areas within archaeological
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sites and may serve to further delineate functional differences 4

between sites.

Traditional screening practices utilizing 1/4 inch mesh will
not recover microdebitage, which is usually less than 3 mm in
size. For this analysis the heavy fractions of soil flotation
samples were examined including 28 samples from Site 36 and 47
samples from Site 37. The proveniences of these samples are from
both the inside and outside of large and small fire-cracKed rock
features, pit structures, and various other excavation units
selected for their proximity to these features. Furthermore, the
random units located at the sites were sampled.

Each heavy sample was sorted and any suspected microdebitage
specimens were collected for examination under 30x magnification.
All cultural specimens were classified as eitner microangular
debitage or microflake, and tne total weights, numbers, and
material varieties were recorded for the two classes in each
tlotation sample.

There are a few obvious problems in this analysis. The
minute size of the specimens, even under magnification, made their
identitication difficult since they resembled natural pebble
fragments. However, following the criteria of considering a
specimen as cultural only if it exhibited the attributes of flakes
and angular debitage prevented the inclusion of any significant
amount ot natural fragments, particularly in the class ot
microflakes. Microangular debitage may not be as accurate, since
items in this class more often resemble natural pebble fragments.

Another problem concerns the identification of material
types. At this minute level of analysis, many materials appear the
same. However, it is felt that the material categories identified
in the microdebitage assembiage are accurate, since texture
differences, colors, inclusions, and other qualities could be
clearly seen at 3Ux magnification. The identification of material
varieties among the Rancheria cherts, is questionable. The hign
percentage of the black porous variety of Rancheria chert may be
due to the small size of the specimens, as this variety of chert
is infrequent in the general assemblages of Sites 36 and 37. It
is also possible that this variety was more often selected for
tool manufacture because of its more predictable fracture
properties.

Table J5 lists zhe material varieties identitied among the
.nicrodeoitage samples of Sites 36 and i7. The overall percentages
are notaole in tnat they are remarkably similar to patterns
discussed previously in this chapter:"a

1) Coarse and medium-6rained materials are proportionately higher
at Site J/ than at Site 36; fine-grained siliceous materials have

n highier frequency at Site 3b than at Site J/.
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Table 35. Heavy Flotation Analysis
Microdebitage Material Distributions by Site

ASite-36 Site-37

CODE MATERIAL TYPE N % N %I

100 Sedimentary, Undifferentiated 4 1.2 1 0.6U

120 Dolomite 24 7.3 22 12.9
130 Siltstone 1 0.3 - ..
230 Thunderbird Rhyolite-Red 9 2.7 13 7.6
231 Thunderbird Rhyolite-Black 1 0.3 4 2.4
310 Quartzitic Sandstone 1 0.3 1 0.6

320 Quartzite 5 1 .5 4 2.4

350 Quartz 2 0.6 2 1.2
360 Silicified Siltstone - .. 1 0.6
410 Jasper-Mustard 1 0.3 2 1.2
411 Jasper-Red 1 0.3 2 1.2
420 Chalcedony 10 3.0 7 4.1
440 Silicified Wood 1 0.3 - ..

400 Cherts, Undifferentiated 235 71.4 99 58.3
450 Ra ncheria-Black and Brown Banded 8 2.4 1 0.6

451 Rancheria-Black Porous 14 4.2 7 4.1
452 Rancheria-Brown Porous 2 0.6 1 0.6
453 Ranmheria-Black/Brown Mottled 9 2.7 3 1.8

Totals 328 99.4 170 100.2

Site 36 Site 37

% Rhyolites 10/328 3.0 17/170 10.0

% Cherts 268/328 81.7 111/170 65.3
% Fine-Grained 3D5/328 93.0 145/170 85.3
% Coarse-Grained 23/328 7.0 25/170 14.7
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2) Cherts are by far the most frequent materidi type at both

sites, indicating the oiface manufacture and curation were

primarily of tnese materials. Rancheria cnerts are relatively
rare.

3) olomite, rhyolite, and chalcedony are second in importance to

cherts, but more trequent than other materials.

Anotner important pattern is that although a smaller number

ot soil flotation samples were analyzed from Site 36 than Site 37,
nearly twice tne number ot microdebitage was recovered from the

Site 3b samples (326 to 170 specimens). This total includes 270

microflakes collected from the site 3o samples versus 141

microflakes from Site 37. If, for the purposes of comparison,
these figures art combined with the assemblages from Table 18,

they represent proportions of 19.4% and 2.9%, respectively. The

difference is statistically significant at p .00001 (Z - 22.0).

This pattern supports the inference noted earlier tnat biface

manufacturing was more common at Site 36.

A final area of interest is the intrasite distribution of

microtlakes. The volume of flotation samples were calculated in

liters. The number of microdebitage and microflakes for each

sample was then divided by the liter volume of the sample,

providing a relative measure of microdebitage and microflake

density per liter of soil. Table 3b lists the results of these

calculations by excavation unit and feature for Sites 36 and 37.

These relative densities of microflakes were then plotted

against diagrams of the feature distributions at Sites 36 and 37.

The results of this plotting were inconclusive in that no apparent

pattern was discernable between high and low microflake densities

and their association with small fire-cracked rock features, large

features, or pit structures. As expected higher densities were

noted outside of features than within them. However, two

observations should be noted. Microflake densities are very low

in the peripheral random excavation units, indicating that

activities associated with biface production were not usually

performed in areas distant from features. Also notable is the

fact that a number of high density loci correspond to the

distribution of lithic clusters characterized by a predominance of

secondary, tertiary, and utilized flakes (see Chapter 10).

Although somewhat time-consuming, the recovery of

microdebitage from heavy flotation samples can provide a further

dimension to the study of lithic assemblages. In this case,

evidence for biface production was recovered which was not

provided by cores deposited at the site.
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Table 36. Heavy Flotation Analysis

Microdebitage Density per Liter by Unit and Feature

Keystone Sites 36 and 37

Site 36

SPEC UNIT FEA DEB FLA DEB/l FLA/I

1371 02s22w 13 6 5 1.9 1.6

1433 02s22w 13 3 3 1.1 1.1

1377 02s22w 14 14 10 4.4 3.1

1397 02s22w 14 18 16 6.5 5.8
1398 02s22w 14 10 9 3.8 5.4

1473 02s24w 13 9 7 3.1 2.4

1418 02s24w 15 7 3 2.1 0.9

1462 01s26w 18 10 9 3.4 3.1

0565 OOn10e 6 6 5 2.2 1.9

0491 OOn10e 6 32 24 13.2 9.9
0495 On10e 6 9 6 3.7 2.4
0412 20s14e 7 8 8 2.8 2.8

0480 20s14e 7 9 7 3.6 2.8

0567 42sOOe 10 18 16 5.5 4.9

0662 42sOOe 10 6 4 2.1 1.4
0664 42sOOe 10 5 2 1 .6 0.7
0687 42sOOe 10 2 1 0.4 0.2

0670 10sl9w 9 13 12 3.7 3.4

0388 28s12w 8 6 5 2.1 1.7
1402 32nO2e 17 17 15 5.6 5.0

1480 24 sO 4e 0 2 2 0.7 0.7
1452 16sOOe 0 23 20 7.7 6.7
1419 28n20w 0 8 7 2.7 2.3

1424 44n20w 0 11 8 3.7 2.7
1426 OOnO14w 0 24 20 8.0 6.7

1483 32s16e 0 2 2 0.7 0.7

1372 20nO4e 0 15 14 5.0 4.7
1427 04nOOe 0 35 30 11 .7 10.0

Totals 328 270
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Table 36. Continued

Site 37

SPEC UNIT FEA DEB FLA DEB/l FLA/l

32143 38s22w 0 5 3 2.0 1.2
3279 47s01e 2 7 6 1.9 1.6
3321 47s01e 2 8 8 2.8 2.8
3305 47s01e 2 4 3 1.1 0.8
3225 02n08e 25 4 4 1.8 1.8
3216 02n08e 25 3 3 1.2 1.2
3221 O2s2lw 23 6 4 1.6 1.1
3327 02s21w 23 5 3 1.6 1.0
3323 O2s2lw 23 3 3 1.2 1.2
3537 ---- 60 3 3 3.9 3.9
3361 18sl2e 34 1 1 0.3 0.3
3332 18s12e 34 1 1 0.4 0.4
3299 17n33w 29 1 1 0.4 0.4
3497 ---- 40 3 2 4.4 2.9
3508 ---- 40 2 2 0.8 0.8
3525 ---- 54 1 1 1.6 1.6
3345 10n44w 0 1 1 0.4 0.4
3281 23n33w 0 3 3 1.2 1.2
3775 ---- 35 4 4 1.6 1.6
3492 ---- 35 3 2 1.2 0.8
0887 17s20w 21 4 4 1.4 1.4
1588 17s20w 21 3 3 0.9 0.9
3236 1kn38w 0 4 4 1.6 1.6
3269 10n38w 0 3 1 1.2 0.4
3307 02s24w 22 0 0 0.0 0.0
3220 02s24w 22 4 4 1.6 1.6
3262 02s24w 22 2 1 0.7 0.4
3272 05n34e 0 4 3 1.6 1.2
1282 34slc~w 14 7 6 2.8 2.4
1241 34s10w 14 5 3 2.5 1.5
3367 60s06e 0 1 0 0.4 0.0
3329 l0sl4w 0 9 5 3.6 2.0
08149 06n26e 6 2 2 0.8 0.8
0828 06n26e 6 13 11 5.0 4.3
3240 42s02w 0 4 3 1.6 1.2
3265 42s02w 0 3 3 1.2 1.2
3513 ---- 47 2 2 2.8 2.8
3368 OOn3J4e 13 2 0 0.6 0.0
3368d 00n34e 13 - - -- --
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Table 36. Continued

3490 ---- 28 1 1 1.6 1.6
0948 20s04w 1 5 4 1.41 1.2
3311 17n29w 0 3 3 1.2 1.2
3222 12n28w 29 8 7 3.2 2.8
3344 42n39w 0 1 1 0.4 0.4
3338 02n12w 0 1 1 0.4 0.4
3314 42sl2w 0 6 6 2.4 2.4
0000 34s10w 18 6 5 2.4 2.0

Totals 170 141

*Heat-treated obsidian untested pebble
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Groundstone Artifacts

Although groundstone is a minor component, representing only

1.34 and 3.71 of the artifact assemblages of Sites 36 and 37

respectively, it nevertheless is important for a number of issues

concerning site function and associated activities. Definitions

of the groundstone artifacts were presented at the beginning of

this chapter and the frequencies of groundstone artifacts in the

overall lithic assemblages of Sites 36 and 37 were included in

Table 16. The following discussion will be primarily concerned

with brief descriptions of the groundstone artifact classes at

these sites and how the variability between these sites reflects

on their functionally distinct occupations.

Table J7 summarizes the numbers of groundstone artifacts

material composition and Table 38 provides descriptive data on the

individual specimens. General descriptions of each category

follow below.

Slab Metates

The metates recovered from Sites 3t and 37 are thick,

relatively flat cobbles which have some smoothing, but little

concavity resulting from grinding. Striae could be observed on

the surfaces, but little or no pecking or other damage was

present. Material composition of metates is dolomite and red

Thunderbird rhyolite.

Manos

Eighteen manos were found at Site 37 but only one at Site 3b.

The majority are small, one-hand manos manufactured primarily from

cobbles of dolomite, quartzite, and sandstone, though granite,

Soledad rhyolite, and red Thunderbird rhyolite were also utilized.

Most samples show a high degree of shaping and wear, appearing as

oval or circular implements with a moderate to high amount of

striae and polish on their grinding surfaces.

Pestles

One dolomite pestle was identified at Site 3b and nine at

Site 37. Each is a long, round cobble with one or both ends

tapering to a point. These points show various types and degrees

of edge damage, including battering, polish, and striae. The

localization of these wear patterns suggests that these tools may

have been used to grind vegetal foodstuffs in mortars or some

functionally similar vessel. Material composition is

predominantly dolomite, although Soledad rhyolite and granite were

also used. Two samples from Site 37 are of schist and represent

the only use of this material in either assemblage. The use of
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Table 37. Groundstone Artifacts

Keystone Site 36

Groundstone
Material Fragment Pestle Mano Metate Anvil

Dolomite 1 (100) 1 (100) ... 3 (100)

T-Bird Red ....... 1 (100) ...
Quartzitic
Sandstone ------ (100) --- ---

Totals 1 (100) 1 (100) 1(100) 1 (100) 3 (100)

Keystone Site 37

Groundstone Polishing
Material Fragment Pestle Mano Metate Stone Anvil 4

Dolomite 3 (100) 5(55.6) 7(38.9) 6(85.7) --- 2 (100)
T-Bird Red ...... 1( 5.6) 1(14.3) ......
Soledad Rhyo --- (11.1) 2(11.1) ... ......
Rhyolite Tuff ---. .. . 1(50.0) ---
Granite/Dio --- (11.1) 2(11.1) ... ......
Quartzite --- 3(16.7) --- .. ..
Quartz --- ..-.. ... 1(50.0) ---
Sandstone --- 3(16.7)
Schist --- 2(22.2) ... ... ... ...

Totals 3(100) 9(100) 18(100) 7(100) 2(100) 2 (100)

1
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this material is notable because there are no sources of schist in

the local alluvial gravels. Its nearest source is the Cristo Rey
mountains across the Rio Grande to the southwest. The schist
examples are quite similar to those commonly reported in the
Tularosa Basin (Carmichael 1981; Eidenbach 1983). A number of the
pestles from Site 37 were recovered from the floors and within the
fill of the pit structures at that site.

Groundstone Fragments

These are small pieces which can be identified as groundstone
of the basis of observed wear and damage patterns on one or more
of their surfaces. However, due to their small size, they cannot
be assigned to any particular category. One fragment was found at
Site 3b and three at Site 37, and all are of dolomite. All appear

to be fire-cracked.

Anvils

Three anvils were identified at Site 3b and two at Site 37.
All examples are large, relatively flat cobbles of dolomite which
exhibit battering on the surface. One from Site 37 was recovered

from the floor of a pit structure.

Polishing Stones

Two polishing stones were found at Site 37. Both have one
very flat surface which shows a high degree of polishing in
contrast to the rough surface of the natural cortex present on the
remainder of the piece. Further evidence of their cultural origin
is provided by the fact that at least one specimen is of a
material (Rhyolite welded tuff) having no local source. The other
specimen is of quartz.

The presence of groundstone is usually indicative of
activities associated with the processing of a variety of vegetal
foodstufts. The groundstone artifacts from Sites 36 and 3/ show
little formalization or utilization, with the exception of pestles
which correspond to well defined examples elsewhere in the Jornada
area. Groundstone tools would generally be identified with the
processing of plant seeds, such as grasses or mesquite, rather
than succulent leaf tissues. It seems safe to conclude that some
limited amount of seed processing took place at the sites,

probably for the daily support of groups involved in agave
roasting. Aside from the patterns noted earlier for anvils, there

are no significant differences in the occurrence of groundstone
tools at the sites which would affect the interpretation of site
function.

263



CHAPTER 10

INTRASITE DISTRIBUTIONAL ANALYSES

Introduction

In this chapter, the results of several distributional

analyses designed to identify patterning in the occurrence of

reatures and artifacts at Sites 36 and 37 are discussed. The

patterns are then used to draw conclusions regarding the

functional significance of spatial partitioning. In addition, the

degree of patterning also has implications for interpreting site
structure.

The results of these analyses identify several distinctions

between the two sites which parallel the differences in artifact
assembiages noted in the preceding chapter. These distinctions

relate mainly to the degree of redundancy in the partitioning of
space within the sites. Site 37 exhibits a well developed

distributional pattern, among both features and artifact types.
The complementary distribution of functionally different items
suggests a general contemporaneity among the features. Further,
the degree of patterning at Site 37 supports the view that it

represents longer-term occupation(s) than Site 36.

Feature distributions are described first, followed by a

treatment of artifact densities and activity clustering. The
patterns are then summarized in relation to the hypotheses

presented in the Research Design (Chapter 3).

Distribution ot Feature Types

The spatial distribution of prehistoric features at Sites 3b
and 31 are mapped in Figures 37 and 36 respectively. The features

are differentiated according to their membership within the
feature groups discussed in Chapters 7 and 8. The most obvious

pattern is evident from the distribution of large fire-cracked
rock features, shown in black. At Site 3b they occur basically at

the southern and eastern periphery of the site but some

association with small hearths is seen in the case of Feature b. U
Most of the small (i.e., domestic) hearths are located in the
western and northern portions of the site, somewhat removed from

the larger rock features. By reference to the topographic map of
the site (Figure 3) it is clear that Features 7, 8 and 10 also

occur downslcpe of the main clusters of features. The location of
large roasting features around the periphery of a site, downslope

of the main occupation surface, is suggestive of intrasite
activity patterning. This is especially the case if one accepts
the argument that the large and small fire-cracked rock features
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represent different functions. The evidence for this pattern at

Site 3b is suggestive but the data at Site 37 are more convincing.

Feature distributions for Site 37 are shown in Figure 38.

Note that the large fire-cracked rock features are again

concentrated along the southern and eastern periphery of the site.

There is also some overlap with the distribution of small hearths,
but recognition of patterning is enhanced by the presence of the

pit structures. The distributions of roasting pits and pit

structures are essentially mutually exclusive, the structures

being confined to the northwest quarter of the site. The smaller

domestic hearths occur within both areas but, in the northwestern

part of the site, are more often directly associated with another

feature type. This is less often the case throughout the rest of

the site (e.g., Features 13, 20, 21, 26, 30, 31, 35 and 37).
Additional support for basic locational differences among sites is

provided by comparative analyses of nearby features and artifacts.

Basic data on selected variables for fire-cracked rock

features at the two sites are listed in Tables 39 and 40. These

data permit comparisons of associated artifact density and number

of associated artifact types to be made between the two groups of

fire-cracked rock features. At Site 37 they are also compared on

the basis of their degree of association with pit structures. A
difference of means test (Table 41) indicates that, on the

average, large fire-cracked rock features are located twice as far

from pit structures as are the small hearths. Small hearths

average 17.5 m spacing from structures while the larger features
average 3u.4 m from structures. The difference is significant at

p = .005 (t=3.57, df=15). If spatial location is any indication,
it would appear that small hearths represent related activities

which are more or less removed from the large fire-cracked rock

features.

Distinctions between large and small rock features can also

be supported on the basis of artifact associations. Difference of

means tests on the number of associated artifact types within a 4
X 4 meter area around features indicated no significant difference

between large and small features (t = -0.23). However, the

density of artifacts associated with the two feature types varied
significantly at both sites (Tables 42 and 4J). Artifact

den.;ities associated with small hearths are between two and three

times greater than those recorded around the large fire-cracked

rock features (ditterences signift antat p = .U25). These data
strongly suggest that activities involving the manufacture and/or

use ot lithic artitacts were far more intensive in the vicinity of

smali hearths as opposed to large roasting features. This is

precisely what would be expected in light of the association of

small hearths with residential structures, the presumed focus of

generaL domestic activities. Features 23 and 15 at Site 37 are

Ihe only possible exceptions to the pattern on either site. They

are assigned to the large feature group on the basis of their rock

weight, but ail o2her characteristics suggest a greater similarity

2b/



Table 39. Summary of selected variables for fire-crackedN'
rock features at Site 36

ARTIFACT DENSITY NO. ASSOC.
FEATURE SIZE IN 4X4 m UNIT ARTIFACT
NUMBER GROUP (PER m2) TYPES

3 S1.6 3

45 2.5 6

5 5 0.64

6 L 2.5 8

7 L 1.0 5

8 L 2.1 6

9 5 2.2 5

10 L 0.9 3

11 S 2.5 8

12 5 2.5 8

13 S 6.2 7

1~4 S 6.0 7

15 5 6.2 7

16 S 1.0 1

17 5 1.1 3

18 S 2.5 5
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Table 40. Summary of selected variables for fire-cracked
rock features at Site 37

ARTIFACT DENSITY NO. ASSOC. DISTANCE TO
FEATURE SIZE IN 4X4 m UNIT ARTIFACT STRUCTURE
NUMBER GROUP (PER m2 ) TYPES (M)

1 L 3.8 8 30 K
2 L 0.8 6 55

3 L 1.3 6 30

6 L 0.9 6 45

7 L 0.3 3 40

8 S 12.5 13 0

12 S 0.9 6 43

14 L 3.0 5 38

15 L 12.6 9 13

16 S 2.8 5 38

18 S 2.8 5 40

20 S 10.1 7 23

21 3 10.1 7 20

22 S 6.8 5 5

23 L 28.6 13 5

25 S 1.4 4 28

26 S 0.9 1 40

27 S unexc. 38 -

28 S unexc. 8 77,

30 S 1.4 4 25

31 S 1.4 4 28

314 L 0.6 2 40
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Table 40. Continued

ARTIFACT DENSITY NO. ASSOn. DISTANCE TO
FEATURE SIZE IN 4X'4 m UNIT ARTIFACT STRUCTURE
NUMBER GROUP (PER mn2 ) TYPES (mn)

36 S 4I.1 5 15

37 5 unexc. 23

1414 S unexc. 5

47 5 3.8 4 ~ 8

60 5 unexc. 5

69S unexc. 3
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with small hearths. They exhibit two of the highest associated
artifact densities (Table 40) and are located among a series of
smali hearths, fairiy close to a group of pit structures (Figure

38). It is possible that the features represent multiple-use
general purpose hearths which have grown large by accretion. No
other data were obtained which might settle the issue, but either
way, these two cases do not nullify the identifiability of the
overall distributional patterns.

The locational patterns identified here support the
functional interpretations of features developed in previous
chapters. At Site 37 the large fire-cracked rock features are
somewhat removed from the residential structures and have low
densities of associated artifacts. In contrast, small hearths are
more closely associated with the pit structures and they occur in
areas of relatively high artifact densities. These observations
argue against O'Laughlin's (1980) conclusion that large and small
fire-cracKed rock features are functional equivalents. They
instead support Whalen's (1978, 1979) view that only the large
features are special processing facilities and that the small rock
features are general domestic hearths. In both the analysis of
the Hueco Bolson sites and this study, the most compelling support
for a functional distinction is the clear distinction in feature
distribution, with large roasting pits located rather consistently
around the periphery of the site. That this pattern was not
manifest at Keystone 314 may indicate a less specialized role
within its respective adaptive strategy. If they were interpreted
as domestic heartuls, the large number of small fire-cracked rock
features at Site 33 would fit with the large projected number of
houses.

Given the above discussion, the feature distributions
identified at Site 37 seem most readily explainable as indicating
tunctional partitioning of space within the site. On the one
hana, the northwestern part of the site is the focus of
residential structures and, presumably, domestic activities. In
contrast, the agave roasting features are situated down wind of
the residential area around the site periphery. The pattern is
somewhat less well developed at Site 36. This may be due to the
Lack ot d defined residential area or less redundant reuse of the
site. Nevertheless, the dichotomous distribution is fairly
distLnctive and is probably a reality at both sites.

As already mentioned, a similar intrasite pattern has been
recorded by Whalen (1978, 1979) at Mesilla phase sites in the U
Hueco Boison. on the basis of the relatively few large roasting
t eatures present and because of their location in peripheral areas
away trom residences, he argues that the roasting pits were
specialized communal facilities utilized by more than a single
hlousehold. The same argument could apply to Site 37 although it
was not possible to define individual household groups due to the
overlapping of some, and close proximity of all the structures
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Table 411. T-test comparison of distance to nearest structure
between large and small FCR features at Keystone 37

Mean Dist.
Group n in Meters S. Dev. t df Result

Large
FC R difference
Features 8 36.41 12.41 is

______________________________3.57 15 significant

at p c.005
Small for 1-tailed
FC H test

Features 241 17.5 111.6
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Table 112. T-test comnparison of artifact density associated with
large and small FCR features at Site 36

Mean Dist.
Group n in Meters S. Dev. t df Result

Large
FC H

Features 4 1.6j 0.60 Difference
_____________________________-2.36 13 is signi-

ficant at
Small p <.025 for
FU I 1-tailed

Features 9 3.42 2.09 test

Table 43. T-test comparison of artifact density associated
with large and small FCH features at Site 37

Mean Dist.
Group n in Meters S. Dev. t df Result

Large
FCH

Feitu-es 7 1.53 1.33 Difference
_____________________________-2.26 16 significant

Small at p) <.025
FCH for 1-tailed
Features 12 4.02 3.4o test
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(Figure 38).

One other important observation arising from the strong

internal patterning at Site 37 is that the different feature types
are probably roughly contemporaneous. It has already been noted

that the site does not represent a community in the sense of all
the structures being occupied at once. The super positioning of

some structures indicates that only a portion of them could have
been strictly contemporaneous. Nevertheless, one is struck by the

extent to which later occupations must have been affected by the
placement of earlier ones. This suggests that the occupations

were close enough in time that the remains reflecting spatial
partitioning of earlier users were still available to structure

later use of the same areas. In two instances (Features 39 and
52), the overlap with previous structures is so complete that it

suggests rebuilding of a structure which was still visible at the
surface. The important point is that even though Hot all the

features were utilized simultaneously, they are distributed as if
the different feature types were placed in relation to each other.

Such a pattern is good evidence for at least general
contemporaneity among the features. As Binford notes (1982), the

extent to which intrasite patterning is preserved will depend on
the level of redundancy in the use of space within that site.
Multiple occupations from different time periods and representing
different site functions will tend to obscure distinct patterns.

This is because they are located irrespective of previous
occupations and because artifacts representing different

functional activities will be intermixed. The fact that a well
derlned locational pattern is preserved at Site 3/ argues that the
occupations at the site were fairly close together in time and
tLhat their functional use of space within the site was redundant.

This interpretation of the general contemporaneity of the various
teature types is further supported by the artifact distributions,

as discussed below.

Artifact Distributions

it has been suggested that a pattern in the distribution of
features is indicative of various degrees of activity clustering

at Si tes 36 and 37. The observed patterns were further tested
Lnrough the application of three different spatial analyses to the
artitact assemblages. The analyses consider surface artifact
densities, the relationship between pit structures and artifact

density, and clustering of subsurface artifact types. The results
are quite gratifying since tney provide independent corroboration

tur the functional inferences derived from the feature

d ist r ibutions.
Ia.
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Surtace Mapping

The tirst data to be considered are the densities and
distributions of surface artifacts. Point proveniences of all
surtace artifacts were recorded in the field with a laser transit.

The locations, expressed as x - y coordinates, were later
digitized at the Digital Imagery Processing Laboratory at NMSU.
The results of the phase one lithic analysis were added to the
digitized data so that the distributions of specitic artifact
types could be examined. The surface locations were also
recombined to construct site-wide artifact density contour maps.

in order to produce the contour maps, the sites were
subdivided into 4 x 4 meter units with the grid tied into the main
base lines. The artifact densities calculated within each unit
were used to construct the contours. Maps were drawn using a
variety of different grid sizes but the 4x4 units provided the
smoothest contours. the resulting density contours are shown in
Figures 39 and 40. Note that the contour labels refer to the
number of artifacts within the 4x4 meter units; conversions to
density per square meters are provided in the map legends.
Surface artifact densities range from 0 to .63 per square meter at
Site 36 and from .01 to 1.88 per square meter at Site 37. The
most obvious ditference between the sites is the much lower
density recorded at Site Sb. This difference corresponds to the
lower overall quantity of artifacts recovered from the site and

implies less intensive occupation(s) than at Site 37.

At Site 3o the areas of highest density are located mainly

along the west edge of the site (Figure 39). Severe erosion along
th intelstate 10 roadcut contributes to high surface densities in
that area but a comparison with Figure 37 reveals that the high
dunsity areas are located near Features 3, 8, and the cluster of

small hearths at ON/ZUW. High surface densities are not clearly
associated with only one or the other feature type. Also, the

higher density areas occur throughout the site rather than being
contirned to a specific area. These observations support the view,

interred from the feature distribution, that cultural patterning

is rather poorly developed at this site when compared to Site 3/.

At Site 37 the greatest densities are also on the west side
ot the site, but they are not at the edge of the embankment in

areas ot maximum erosion. Close comparison of Figures 3b and 40
indicates that the highest surface artitact densities correspond.,

to concentrations of domestic features (i.e., pit structures and
sm a nearths). Even though it was impossible to predict specific

structure Locations on the basis of surface artifacts, it is still
nOtLworthy that the high density contours are good predictors ot

the areas within which the structures were located. Note that, in
shat p contrast, most of the large roasting features occur in areas

naving 0.13 or fewer artifacts per square meter. The association
ot roasting teatures with low artitact densities corroborates thtr
compairisons ot subsurface artifact density by feature type (Table
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43) and supports the related contention that the two feature %
groups reflect different functions.1X

The surface distributions of specific artitact types exhibit
some subtle differences between the two sites in the degree of
patterning present. Artifact type distributions at Site 3b are
mapped in Figures 41 througn 43. The flake distributions (Figure
41 ) correspond to the overall contours, reflecting the
preponderance of flakes in the assemblage. The occurrence of
utilized flakes corresponds (expectedly) with the high density
contours, but note that they occur in small clusters throughout
the site. The same pattern is exhibited by cores and hammerstones
(Figure 42). Core reduction evidently took place in several small
activity areas distributed throughout the site. So few tools were
recorded that their distribution is difficult to interpret in
terms of patterning (Figure 43). Surface ceramics were associated
with Feature 7, a large roasting pit.

Once again, intrasite patterning is more easily defined at
Site 37. Flakes are distributed throughout the site but utilized
flakes are contined mainly to the high density scatters associated
with domestic features (Figure 44). The pattern further supports
the view that a wider range of tasks was carried out near the pit

structures than in the vicinity of roasting features. The
distribution of angular debitage, hammerstones and cores,
indicates that most of the core reduction was carried out near pit
structures or in the high density area around Feature 20 and 21
(Figure 44 and 47). Corroboration of the apparent dichotomy
between domestic areas and roasting feature areas is provided by
the cluster analysis of subsurface artifacts described below.

Site 37 Structures and Artifact Densities

The areas of highest surface artifact density are good
predictors of the general location of the pit structures but a
more detailed examination of the association reveals a more
complex relationship. Even the surface data indicate that most
pLt structures are located near, or adjacent to, but not within
the highest density lithic ciusters. In other words, the highest
artifact densities occur between structures rather than within
them. The surface pattern to this effect is strongly supported by
subsurface artifact densities.

Table 44 lists artiftact densities recorded within and outside
the excavated pit structures. The figures are based on the areas
rather than volume of excavated tuits because the artitact-bearing
horizon was generally shallow. It is clear that the density of
artifacts inside features are usually very low. Even in some %
cases where fairly high interior densities are recorded (Features
39, 55, and b2) the exterior densities are still much greater.
The density of artifacts immediately outside structures are
generally three to titteen times greater thian inside the features. io
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Figure 41. Surface distribution of flakes at Keystone 36.
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Figure 42. Surface distribution of cores, hammerstones, and anvils

at Keystone 36.
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KEYSTONE 36
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The two exceptions exhibiting higher interior densities are

Features 29 and 45. Overall, interior densities average 2.67 per
square meter while exterior concentrations are almose three times

as dense (x = 7.43). The difference between the two averages is

significant at p = .05 (t=-2.23, df=29).

The relationship between tte Site 37 pit structures and the

artifact scatter has at least two important implications. First,

the pit structures generally comprise gaps or holes in the
otherwise continuous and relatively dense artifact scatter in the

northwest portion of the site. It would appear that the

structures and nigh lithic densities are located in relation to

one another. That is, the holes in the artifact distribution
probably indicate that the structures were present at the time of

artifact deposition. If the artifacts had been deposited at a

ditferent period (i.e., later) than the structures, artifact

densities could be expected to vary independently of feature
locations. As in the case of the features, a consistent

complementary distribution between high artifact densities and pit

structures implies at least general contemporareity.

This line of reasoning has important implications for dating

the features at the site. If the artifact scatter is accepted as

being roughly contemporaneous with the pit structures, then the
obsidian dates obtained from artifacts in that scatter are appli-

cable to the structures. Furthermore, if one accepts the

complementary distribution of pit structures and roasting features

as indicating general contemporaneity, then the obsidian dates are

applicabte to the latter features as well. This is a signiticant

conclusion because of the discrepancies between the obsidian
hydration dates and the radiocarbon dates obtained from some of

thie larger features (see Chapter 11). The organization of the
teatures and artifacts into a single distributional pattern is an

important aspect of the argument for the primacy of the obsidian

d ate s.

A second implication ot the artitact densities relates to

feature function. If artifact density is in some way a measure of

the intensity with which a space is used then it follows that most

domestic activities were conducted outside the structures. This
in ii r pretI tion, combined with the lack of formal intramural

heirtus, suggests that Site 37 was a warm season occupation and
tnat tne pit structures may have functioned primarily as

windbreaks, sunshades or sleeping shelters. Longer occupations,
anid winter occupations could be expected to indicate a greater

concern tor thermal characteristics of the structures and a

g~eator number ot artitacts would probably be recovered from

within the structures. The evidence for the seasonal role of the

site is discussed turther in Chapter 1J.
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Table 44. Comparison of artifact densities inside and
outside of pit structures at Site 37

DENSITY OF ARTIFACTS PER M2

FEATURE INSIDE OUTSIDE

29 8.04 7.45

35 1.10 3.54

38 0 4.18

39 10.05 31.57

40 2.05 6.25

41 0.53 6.44

1?2 0 6.00

45 9.61 3.65

50/51 0 2.06

52/59/63 1.36 5.81

54 0.270 15.63

55 15.18 18.38

56 0.17 18.49

57 0 0

61 0 0

62 2.40 7.58

614 0 0.89

65 0 0.99

70 0 2.38

n=19 = 2.6-1 R =7.43

6 =4.51 =m8.12
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Cluster Analysis of Subsurface Artifacts

In the preceding sections, the search for structural

regularities within Sites 36 and 37 has proceeded through the
analysis of feature distributions and patterns in artifact
den si ties. Even though regularities were found in both instances,
the analysis would nut be complete without taking into account the

technological variability present within the artifact assemblage.
In this section the results of an analysis designed to identify

activity areas on the basis of a group of lithic technology
variables are presented. The methods used follow closely those
developed and tested at several sites in central Arizona (Rice and
Dobbins 1961; Rice 1984). The strategy used here involves a

cluster analysis of lithic artifacts recovered from excavation
units in order to identify artifact associations. The clusters

are then plotted back onto the site maps where concentrations of
units grouped in the same cluster are indicative of activity
areas .

The variabies included in this analysis were chosen because

of their common occurrence in the artifact assemblages and due to
the into rmation they provide on different stages of the lithic

reduction process. The seven artifact types analyzed include: f

primary flakes, secondary flakes, tertiary flakes, angular

debitage, cores, tested pebble cores and utilized flakes.

In order to provide a framnework for the identification of

clusters, all relevant artifacts were grouped within their I X I
meter prov'enience units. With the aid of the computer,
frequencies were determined by excavation unit for each artifact
category. in order to control for the different numbers of

artifacts in different units, the counts were normalized by
calculating a unit vector. The variable exhibiting the highest

frequency in each unit was assigned a value of 100 and all the
other variables were designated as some proportion of 100. The
use of percentages is a more common method for normalizing data
but a vector is more suitable for use with the Euclidian distance

measure built into the cluster routine (Rice and Dobbins 1981:45).

The unit vectors were clustered , separately for each si te ,
using a cluster analysis of cases (BMDP, P2M). The cases are

grouped on the basis of the Euclidian distances between vector

values from ditferent cases. A total of 322 cases were analyzed
at Site -3t and 532 units were used at Site 31 and in each case
seven clusters were generated. The use of seven clusters is
somewhat arbitrary al though the expectations were informed by

Rice's (1984) results involving a similar range of variables. In

retrospect, cluster seven appears to have functioned as a defaultI
grouping. Close examination of the cases assigned to that cluster
indicdtes that if eight or ten clusters were specified, one or
two more interpretable groupings would have been generated at Site

3 1. As an independent check on the separation of the clusters,
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discriminant analysis was applied to the unit vectors using a SAS
routine. Unit membership within dlusters was correctly predicted
in 98/4 of the cases at both sites.

interpretation of Clusters

The seven clusters identified at each site are summarized
graphically in Figures 49 and 50. The histogram bars represent
the cluster means for each variable, indicating which artifact
types have contributed most heavily to each dluster. By re fer ence
to the heavily weighted artifact types it is possible to suggest
general functional interpretations of the dlusters. For example,
Cluster I at Site 36 contains those units with high proportions of
secondary and tertiary flakes, reflecting the importance of flake
production. In contrast, Cluster 2 consists of 57 cases
containing little else besides utilized flakes (Figure 49).
Different clusters were generated at Site 37, reflecting aifferent
patterns of association among artifact types. Clusters 1, 4 and 7
have no counterparts at Site 36 and Site 37 lacks groups like
Clusters 2, 4 and 6 at Site 36. However, the significance of
variability among clusters for the interpretation of activity
areas cannot be assessed without referring to their spatial
distribution.

The distributions for each cluster at both sites are mapped
in Figures 51 - 64. Two basic patterns of cluster distribution
are evident at Site 3b but little internal partitioning of space
seems to be indicated. Cluster I is distributed primarily at the
west edge of the site in proximity to the cluster of small hearths
(Figure 51). Small scatters indluding this dluster are also found
adj acent to Features 8 and 11. The artifact types contributing
most significantly to Cluster I are secondary flakes, tertiary
flakes and cores (Figure 49), probably reflecting core reduction
for the purpose of obtaining usable flakes. It is not surprising
to find evidence of these general activities around the small%
hearths and somewhat removed from the specialized roasting
features. It is interesting that Cluster I was not identified
near Features b, 1I and 12. The latter area is associated with
Ciusters containing primary and secondary flakes and angular
debitage (Clusters 5, 6 and 7) but lacks evidence for the latter
stages of core reduction as represented by tertiary flakes.

Clusters 2-7 all exhibit a dispersed site-wide pattern of
d istribution, in contrast to Cluster 1. The materials
contributing heavily to these clusters indicate a variety of
activities, including initial core reduction (Cluster b),
production of useable flakes and associated angular debris

(Clusters 3, 4, 5, and 1) and the use and discard of flake tools
(Cluster 2). Some minor differences can be identified within the

overll ptter of lusers.For xampe, eature I is associated
alotexlsveywthteseetonadutilizationof flake '
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Figure 51. Distribution of lithic analysis Cluster 1 at Keystone 36.
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Figure 54. Distribution of lithic analysis Cluster 4 at Keystone 36.
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Figure 57. Distribution of lithic analysis Cluster 7 at Keystone 36.
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Figure 59. Distribution of lith-ic anaiysis Cluster 2 at Keystone 37.
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Figu re 69. Distribution of lithic analysis Cluster 3 at Keystone 37.
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Figure 61. Distribution of lithic analysis Cluster 4 at Keystone 37.
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Figure 62. Distribution of lithic analvsis Cluster 5 at Kevstone 37.
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Figure 63. Distribution of lithic analysis Cluster 6 at Keystone 37.
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tools (CLusters I and 2). Nevertheless, the larger impression

gained trom the spatial patterning of clusters is one of relative

homogeneity in the distribution of activities. A variety ot small

discCete areas of t- site appear to have been utilized in roughly

equivalelit ways keithLer during tie same general period or over

time). This redundancy of the same artitact associations

throughout the Site suggests that partitioning of space within the

site was rather poorly developed. This conclusion presents a

diStinct contrast to the patterns identified at Site 37.

Thedistrioutiunof artifacL clustersat Site 37 indicates

the presence of two, or possibly three, basic patterns of associa-

tion. Two of the patterns are of special interest since they

provide independent corroboration for the site partitioning

interred, from artifact densities and feature distributions.

The first pattern is represented by Clusters 1, 5 and b

(Figures 56, 62 and 63). These three clusters are confined almost

exciusively to the northwestern portion of the site. Recall that

this is the same area which exhibited the highest surfae artifact

dejisities (Figure 4U) and within which the pit structures are

located. Cluster I contains those units with high proportions of

secondary flakes, tertiary flakes and cores. Clusters 5 and b

also show high proportions of these flake types; both lack the

high proportion of cores but Cluster 5 is dominated by utilized

flakes. The concentration of these artifact types in and adjacent

to the area containing structures corresponds well wit))

impressions obtained during the fieldwork and with the surface N

occurrence ot the same artifact types (Figures 44, 45).

The range of artifacts in this pattern would seem to

indicate core reduction directed at flake production, the

selection of suitable (cutting ?) flakes, and the use and discard

of the flake tools. Clearly, core reduction was carried out

elsewhere on the site, but the fact that cores werc discarded
mainly within one portion of the site should be indicative of the

area where most of the flint knapping was undertaken. That

significant numbers ot cores were discarded in the vicinity of

structures is further indicated by the tact that several expended

cores were used as snims in the exterior post sockets, in lieu of

fire-cracked rocks (see Chapter 8). The production, use and

discard of expedient flake tools are all activities which can be

expected in the context of general domestic maintenance and

processing tasks. The spatial distribution of the clusters

reflecting these activities provides additional support fcr the

identi tication ot a domestic activity area encompassing the

structures and nearby sma l hearths.

Th e second basic pa tterr is id icated by Cluster 4, the

distribution ot which is virtually mutually exclusive of the

cit sters alre.ady mentioned(. The units comprising Ul uster 4 occur

around the eastern and southern periphery ot the site, c losel y

YUb .,
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,1 Iw ig, l. ' d i:; ut ot I .ir)ge ruastLig Iuature. ( Figure h ).

The L i l.1t ill t I Ws ,,nIts are characteci zed by ver y high

p t tipt i t)i. tt pr i ary I lakes. This could be inll dicet iVe U ie
Ii. ,L oI pr m,u y tlikes i I the colLext of tasks ISSOCiated with the
rlo,lSt ill), I0tr,1I -CS, oI it could merel y retleCL the relative lack of

any ol her 1ssoc I. Led ar ti tact types. In either event , the
d lit)Lot os ret ati onsli p beLweel CL uster 4 and CLusters 1, 5 and 6

lends compe irg slpxi)rt to the argument that activity patterning

Wis .i tmp rtaL1t factor ill the distribution of features.

The remaining three clusters alL exhibit distributions which

Coss CUt the dichotomy to a greater or Lesser degree. Cluster 2

is identi tied by a high proportion of secondary flakes. Its

d istributioni throughout the site (Figure 59) is not very informa-

t ive for the identi tica tion of activity areas. Cluster 3 is made
up Ot those units domi ated by tertiary flakes (Figure JQ).

Alt hugh tertiary flakes can be produced during all stages of core
reluctiol (Stahle and Dunn 1962) they predominate in the iater

stages of tool production. Most instances of this cluster occur

within the high density scatters adjacent to the pit structures or

associated with the series of small hearths (Features 16, 18, LU,
21, 26 alid 2/) at the southwest edge of the site (Figure 6U). The

similarity between this distribution and the one for Cluster 6
should not be surprising, but it is noted that units assigned to

CLuster 3 occur in isolated spots throughout the east side of the

site. CLuster 7 appears to have functioned as a catch-all
grouping. An examination of the individual units within the
cluster shows that they probably represent two groups: cores and

utiLized flakes near the pit structures, and tested pebbles and

angular debitage at the southern and eastern periphery. These

distributions are in good general agreement with the patterns

detined above.

The less common artitact types, such as ceramics, bifaces and

groundstone, were not included in the cluster analysis. However,

the distributions and associations of these artifact classes nave

been examined by other researchers in the El Paso area (Ot'Laughlin

19/9, 196U; tard 1983). Although the sample sizes of these

artifact classes at Sites 3b and 37 do not permit statistical

tests, it should be noted that many general similarities are

apparent with other sites in the region.

Hard (983) reports a low number of chipped stone toots in

association with roasting pit features, a pattern which is
reiterated in Sites 36 and " 1 (see above). In adnlition het t'jtus

that groundstone tools are m common in or near hearth features

(196J: (3). A similar observation was made by C)L,ughl in (i9/) at

the tr an smou UTI ta i n can pus si Le s in northeast El Pa so. Th., same

CoULd be said at)ott the few ground stone toolsit i ts in tq d /

(Figures 43, 47), many of which wer t tire-cracked fragments.

Strong associations were al so noted between ceramits and tire.-

cracked rock teatures (Hard 1983: 72; O'Laugh in 1 9U: 210, 21)).
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Although few ceramics were found at Sites 3b and .Y, they appear
to exhibit similar distributions, with groups of sherds recovered

near Feature / at Site 3b and Features 3 and b9 at Site 37.
Finally, U'Laughiin (1979, 1980:210) reports the association of
bitaces, retouched tlakes and utilized flakes, a pattern
corresponding roughly to iluster 5 at Site 37.

Discussion

The attempts to identify intrasite patterning at Keystone
Sites ib and 37 have proceeded through the examination of three

different data sets, namely, surface artifact densities, feature
distributions and lithic artifact cluster distributions. The

results of all three approaches point to the same conclusion: at
Least At Site 3/ the intrasite distributional patterns are most

likely the result of prehistoric partitioning ot space into
activity areas. A strong case cannot be made for the same kind of
patterning at Site 36.

The surface artifact distribution clearly indicates a high
density area in the western and northwestern portions of the site.
The nigh density area also coincides with the location of the pit
structures and associated small hearths. The same area also
contains the most evidence for tool production, use and discard.
The area can best be interpreted as a domestic activity area,
wnere a variety ot tasks took place outside of, but adjacent to, a
group of short-term houses. In contrast, the eastern and southern
periphery of the site is characterized by low artifact densities,
specialized roasting facilities and a predominance of primary
reduction flakes.

Such a pattern is not clearly evident at Site 3b. There is

some evidence that large roasting features were located at the
periphery ot the site. However, artifact distributions do not
coincide with the feature pattern as well as at Site J7. High
density areas are associated both with a cluster of small hearths

and with Feature 8, a large roasting pit. In addition, all the
artitact types iicluded in the cluster analysis occur throughout
the site rather than being confined to specific areas. Much ot
the disc in, tion between this site and Site 37 can probably be

attributed to ti- lackof residential structures at Site 36. It
suems as it, in the absence of the structures as a focal point,

the general domesti- activities were located at any convenient
SIX)t witnin the site.

The ditferences between the degree of patterning at the two

siteus suggests two important points. First, it would appear that %
dIttcret patterns ot use and reuse of space are indicated. At
both sites, the superpositioning of features indicates that the
sttes do not retlect a single episode of use. However, the lack
ot clear intrasite patterning at Site 3b suggests reoccupacion by
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small groups wihose actliiies were located irrespective of
previous activities. In contrast, good evidence for the
partitioning ot intrasite space is preserved at Site 37, in spite
of evidence for reoccupation. This is apparently due to a high
level of reaundmancy in the use of site space (Binford 1982). Even
though multiple occupations are indicated, they were probably P
close enough in time tliat the distributions of previous remains
structured the location of subsequent features and activities.

This view leads to the second point involving the
contemporaneity ot reatures. At Site 37, three separate data sets
exhibit spatial distributions reflecting the same intrasite
organizational patterns. Even though not all the features (nor
presumably, artifacts) were used at the same time, they are
distributed as if they were located in relation to one another.
it is difficult to conceive of a set ot circumstances under which

a series of temporally and functionally distinct occupations could
fortuitously yield such completely redundant t-oi kits and
activity locations that clear intrasite patterns would be
preserved. It is far more plausible to interpret the

complementary distribution of features and artifacts as an
ijndication of at least general contempornuieity among site elements

deposited in the context of a single adaptive strategy.

Of course, this interpretation of site structure is only one

of several potential explanations. It is possible that the
association of small hearths and high artifact densities is due to
the coincidental juxtaposition of different components.
Stratigraptic data on site fomnation processes is of little help

since the entire cultural level is within a single homogeneous %
stratum. Even though there are several instances of feature
superposition, the features are not associated with eistinct
Llentitiabie occupation levels. Thus, it cannot be shown that the
roasting features are stratigraphically lower or higher than the
pit structures or heartn; the data are limited to spatia
distributions and chronometrics (Chapter 11).

It was originally suspected kprior to the identification ot

the spatial patterns noted herein) that the roasting pitsmight
ino(icate a separate component trom the rest ot the site. Sucha

situation would probably require that the earlier component be
buri jd s,) that its distribution would not structure the later

OC"C-11iIon, either through the patterning of activity areas or by
p o'v id ing mater iai s whic 11 could be scavenged by later occupan ts.
Fotlwing both occupations, erosion would have to occur at an
A ppropri i u. 1) tensi ty so as to mix the assem biages by dell ation,

while it thue same Lime leaving the teatures from both occuptions
10 t.i t. .-

"[l1k' t, tWors (do riot int? 1nd to impIy that LhL1 iden-L t1catL1o o t
iitrasi Lu pitterns indicates the simple deposition of all
arL11tA C's i H tt'' conLext (it utse. Clearly, a number ot intervening
dis pos.il arl'!, post-depoSitiollal processes play a role i ni 2
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archeological patterning. These factors not withstanding, it

would appear that major portions of Site J7 were used in similar
ways, over however long or short a time it may have been occupied.

The greater the length of time separating two hypothetically
distinct occupations, the less likely is the chance that their

partitioning of space would coincidentally match. So, while

granting that a coincidental association of surface artifacts, W

subsurface artifacts and three feature types is a logical
possibility, the authors do not feel it is not an explanation with
a high a priori probability.
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CHAPTER It

CHRONOLOGY

Introduct ion

From the very start of thi s study, one ot the primary
research goals has been the development of improved chronological
control over the archeorogical remains. Good temporal control is

viewed as a necessity for addressing at least three of the broad

topics identified in the research design. These are the

reconstruction of site chronology and placement within the
cultural historicai tramework, the interpretation of site function
and the assessment of site context within an adaptive strategy.

Pcior to this s,udy, Keystone Sites 3b and 3i had been
assigned, without the benefit of traditional diagnostic artifacts,
to the late Archaic/early Formative range on the basis of general

surface characteristics (e.g., a general lack of ceramics, a wide
range of lithic raw material types, etc.). The idea of an Archaic
date was superficially strengthened by the identification of dated

Archaic components at the nearby Keystone Sites J3 and 32, and
when the investigations began, it was expected that preceramic
occupations would be demonstrated for Sites -b and 3/. However,

the chronometric dates from this study largely postdate the
Archaic, nightighting the need to reassess the local cultural

systematic framework.

'file interpretation of site function requires an analysis of

the range of feature and artifact types present on a site. %
however, many of the larger camps in the El Paso area probably
reflect multicomponent occupations by a series of small groups.
In order to interrelate site functions inferred from features and

artitacts, one must establish at least the general contemporaneity
or the remains in questlon or separate out the various temporal

components represented. At both sites, arguments can be made for
the contemporaneity of the various features and assemblages.

hiowever, the patterned discrepancies between dates produced by two
ditterent chronometric techniques are very significant, as
discussed below.

The various forms of settlement pattern analysis and the

interpretation of the systemic context of sites carry similar
reqtirements. One in,ust be able to demonstrate at least
approximate contemporaneity among sites if we are to model them as
componenLS of the sa.ic adaptive system. The results of this study
indicate that neither site is Archaic in age, nor are they
(-ottn|-riporinous with eachl other.

This iniii,us reies hheaviy on the use of obsidian hydration

;I nd rudioc,,rbon dating techniques. Due to the careful but

etxte-nsive hild excavations cal led tor in the research design, an
unusually nigh number of datable samples were recovered for an

%
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open ephemeral site in this region. A total of 26 obsidian
samples and 15 radiocarbon samples were successfully dated. Site
Jo dates to the early Formative Mesilla phase and Site J7 tails
within the range of the Pueblo period.

For reasons that will become clear shortly, greater
reliability has been attributed to the obsidian hydration dates,
in terms of directly dating human behavior. The emphasis on
hydration dates has led to the identification of two major
significant results. First, there are consistent discrepancies
between sets of dates produced by the two procedures, with the
charcoal dating earlier and more variable than the obsidian
artifacts. Taken together with the temporal distribution of"4
harcoal dates, the pattern suggests that Sites 3b and 37 are

classic examples of the "old wood" problem identified elsewhere in

the Southwest by Schiffer (1962, 1964). The old wood problem
refers to a situation in which dead wood was collected for fuel,
resulting in dates significantly older than the associated
cultural behaviors.

Second, the majority of dates from Keystone 37 reveal an

unexpectedly late occupation of the site. Even though it can be
interpreted as a short-term residential camp produced in the

context of a mobile adaptive strategy, it dates squarely in the
range for the local Pueblo period. Nevertheless, none of the
artifactual or architectural characteristics of the site can be %
used to assign it to either the Dora Ana or El Paso phase. The
implication is that there may have been different adaptive
strategies in operation in the El Paso area at roughly the same
time period.

Thie first part of this chapter consists of a summary ot the
chronologies developed during previous Keystone Dam investiga-
tLons. Then an overview ot the soil stratigraphy at the two sites
will be presented. Following that is a detailed discussion of the
obsidian hydration technique employed in this analysis. The dates
from the two sites are then discussed, with a major emphasis on
evidence relevant to the old wood problem. A final section

contains a summary of the rather uninformative results provided by
an examination of relative chronological indicators.

Previous Keystone Chronologies

Previous chronological analyses of Keystone Dam sites have
been most notable tor their evidence ot Archaic occupations.
However, the 15 radiocarbon dates obtained by O'Laughlin at Sites
33 and 34 indicate both Archaic and early Formative components.
S Le stratig aphy disclosed the presence ot a ceramic-bearing
assemblage in Zone 2 and nonceramic materials in Zone 4, separated
by tne cuituratLy sterile Zone 3. With the possible exception ot
two samples ( from Site 33 South, Feature I; Site J3 North, Feature
3), the distributton ot dates generally supports the stratigraphic ,
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separation between the two assemblages. One sample from a
nonteature area of Zone 4 produced a date of A.D. 520+/-120 which
was rejected as being unacceptably late (O'Laughlin 198U:46-49,
52).

it the rest or the radiocarbon dates are converted to 95.
confidence intervals, all five of the Zone 4 dates fall within
U'Laughlin's suggested best range of lOU-2500 B.C. (19bU:49,
Figure 14). Although the Zone 2 dates are somewhat more variable,
eight of the remaining nine samples yield two sigma ranges which
tail into the early Formative (i.e., A.D. 250-1100). Both groups
or dates are compatible with general understandings of the ages of
the associated artiractual materials. More important, however, is
trie fact that none or the dates from features are completely out 5

of line with the stratigraphic or artifactual expectations. For
exampie, none of the Zone 2 samples date to the Archaic period.
As will be seen below, this condition presents a distinct and
significant contrast to the situation recorded at Sites 3b and J7.

In addition to the radiocarbon samples, O'Laughlin submitted
a total of 2/ obsidian specimens from Site 33 for possible
hydration rims (O'Laughlin 1980:Tabie 3). Unfortunately, it was

4 not possible to calculate dates for the specimens because an
appropriate hydration rate had not yet been determined. Now that
experimentally induced rates are available for the Ei Paso area
(see below), it has become clear that it is also necessary to
determine the chemical source affinity of the samples. Thus,
chemical analysis will be required before it is possible to
calculate dates for the previously reported hydration rims.

Investigations at Site 32 have added relatively little to the

understanding of chronology in the Keystone Dam area. The site
stratigraphy is less informative than at Site 33 as all the
cultural materials occur within the homogeneous sand designated
stratum 4 kFieids and Girard 1983:18). Nevertheless, the vertical
distribution or features within the deposit was used to subdivide
the stratum into three sequential periods of occupation. The
three substrata yielded radiocarbon dates of 2bO+/-IbO B.C.,
bbU-t/-12U B.C. and A.D. 520+/-70 respectively (Fields and Girard
1963:201). On the basis of these dates the authors ccnclude
merely that Site 32 was occupied primarily during the Archaic and
early Formative periods (Fields and Girard 1963: 124). Obsidian
nydration analysis was not attempted but the results of the
projectile point typology are submitted as evidence in support ot
an Archaic occupation kibid:215-218). The range of ceramic types
reported also flts with the A.D. 520 date from the upper
substratum.

The primary implication of these chronologies tor the present
study derives from the significance of the Archaic components.
Archaic period remains are ooriy studied in the El Paso area and
time identirication of two (apparently) functionally distinct sites
in the same area raised the possibility that they, and the othmer
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Keystone Sites, were parts ot a single settlement system. Thus, a
key question has been the potential contemporaneity of Sites 36
and 3/ with Sites 32 and 33. The results of this analysis present
a more complex situation. Site 3b is probably contemporaneous
with the early Formative components at Sites 32 and 33. Site 3/
is later than all of the previously studied Keystone sites, with
the most likely period ot occupation falling between A.D. IIUO-
14OU. Since obsidian hydration dates have contributed heavily to
these results, it is appropriate here to discuss the analytical

techniques used in some detail.

OBSIDIAN ItYDRATION DATING

Introduction

Recent advances in obsidian hydration technology have
permitted New Mexico State University archeologists to date
several lithic scatter sites over the past year and a half. The
induced nydration technique is a relatively new procedure which is
still undergoing refinement. Nevertheless, the methods involved
are designed to avoid or compensate for the main problems
associated with traditional hydration techniques. The

determination ot hydration rates is not based on the traditional
linear correlation of rim thickness with a radiocarbon sequence.

In fact, since the hydration rate is determined experimentally,
calibration with other chronometric chronologies is unnecessary.

The technique is also specifically designed to account for
variability in the chemical composition of the obsidian samples.

Bulk elemental analysis is used to assign the samples to chemical
groups and a separate hydration rate is determined for each group

(see below). The Keystone 36 and 37 results make up a part of the
growing corpus of dates obtained from sites in the El Paso/Las
Cruces region. The internal consistency of results from a
variety of projects suggests that the techniques are reliaole and
that confidence can be placed in the resulting dates. A brief
overview of the development of obsidian hydration will illustrate
the applicability of the newer techniques to the field conditions
in the Keystone area.

Tihe process of obsidian hydration dating is based on the tact
that a fresh fracture will adsorb water from the atmosphere and
torm a microscopic layer of hydration. During the hydration
process Na, Li and Mg are leached out of the glass while hydrogen
diffuses inward. Tiis causes a mechanical strain at the glass
surtace and results in a measurable birefringent band or hydration
rim. Since the tormation ot the hydration layer is a ditfusion
process, the thickness ot the rim is a function of the length of
Lime (x=ktl/2 ) elapsed since the fracture. Assuming that an

appropriate rate of hydration can be determined, the rim thickness
can he translatud into calendar years kMichels and Tsong i96-).
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First developed in the t9bos, obsidian hydration analysis was
quickly recognized to be a rapid and economical technique with
which to address chronological problems in archeoliogy. However,
early research highlighted the ditficulty of determining one or

more suitable rates of hydration OlicheLs and Tsong t9d:413-41b).

The two main problem areas pertained to the need to control for
natural variab bLes at feCLing hydration and the need for

independent calibration of the results.

Friedman and Smith k1960) identitied chemical composition and

temperature as the primary variables affecting the hydration rate.
However, many of the problematical hydration analysis results were

caused by a lack of control over these variables, especially

composition. The traditional approach to obsidian hydration has
involved the working assumption that obsidian sources are

n omogeneous throughout a given flow. However, multiple trace

element characterizations from a single source have produced

contlicting results. Gordus et al. (1968) report significant

variation in chemical composition among samples taken from a
single one inch cube. Agroup of obsidian artitacts ot the same

age on the same site will, if they differ chemically, exhibit

dirterent hydration rim thicknesses due to their distinct
hydration rates. in areas like the Jornada, where a variety ot
obsidian sources were undoubtedly utilized, the inability to

control tor chemical composition will yield uninterpretable
results (O'Laughlin 196U; Whalen 196U; Hard 1983). The induced

hydration technique alleviates this problem by determining
separate hydration rates tor each chemically distinct source group

(the ultimate geographical source for the local pebbles remains

unknown) .

In the traditional response to this problem some researchers
tocused on assemblages considered likely to represent a single
source. Such an approach still did not alleviate the problem ot

within-source chemical variation or the need for independent
calibration ot the hydration results. Most often this amcunted to

comparing rim thicknesses from different contexts already dated by
riddiocarbon. Three fundamental ditticulties are implicit in the

calibration approach. First, the integrity of the association
between ai obsidian arcitact and a radiocarbon date can always be

questlona. Second, the calibrated rate necessarily contains the
S ,,t' dkjgrree ot error Ps the radiocarbon chronology. Third, use ot

the hydraition results requires the prior existence of a well
.v ciopcd radtoc,llcl on c hronology. Recent reseairch by Michels and

others ( Michtels and '[song 196; Michels, Tsong and Nelson 198-;
Mi,n,.Ls, Tsong and Smith 1981) has led to the developme-nt ot
induced hydr.ation, a technique designed to address this aild the
ot ikr problems idullimti td abovJe.
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induced Hydration Technique

Use o It the ina uc ed hydraiLion technique respondts La the
dltticulties mentioned aoove by providing separate, experimentally
determined hydrition rates for each chemicallydistinct source,
and alieviating the need for independent calibration. The tirst
step in the process is the chemical source analysis ot the
obsidian. At Keystone Dam, and elsewhere along the Rio Grande
Valley, the obsidian originates as part of the "mixed rounded
gravels" of the Santa Fe group exposed in valley margin geomorphic
surfaces (see Chapter 5). To date, bulk element compositional
analysis has been used to identify six iistinct chemical groups
(i.e., sources or varieties within sources) among obsidian pebbles
from the Rio Grande gravels. The specimens submitted from Sites
3b and 31 were identified as belonging to Group 1 (4), Group II
(17), Group ill (1) and Group VI (5). The chemical compositions
ot Lhese groups are listed in Appendix Ja. The Group lit specimen
is not yet datable because the hydration rate for that source has
IIOL been determined.

The rates are calculated by inducing hydration under
experimental conditions. An unworked pebble ot the appropriate
group is freshly tractured and nine flakes are hydrated in a I

liter thermoregulated reaction bomb at elevated temperature and
pressure. (Michels, 'Tsong and Smith 1963:lut). The flakes are
hydrated tor various lengths of time, up to several days. After
tiun sectioning, the hydration rims are measured and a regression
of hydration depth versus time is used to determine the rate
ibid:lid). The hydration rates for the three chemical groups
identified at the Keystone Sites are shown in Table 43. Note that.
since each source group will have dirterent rates, the date-
provided by the difterent groups constitute independent tests ot
one another.

The final major variabie needed to calculate chronoinetrIc
dates is a value for the effective hydration temperature (EIt) at
Lhe site. An estimate ot EhT is provided by Lee's (19t9),
temperature integration equation, relating the mean annual
temperature and annual temperature range. These data have usually
been estimated by substituting values from the ofticial weather
station nearest the site. Batcho (1984a) has discussed two likely
sources o error in this approach, the effects of large
poputation "heat islands" on ten perature records and tc

relationship between temperature and elevation in the arid
Southwest. In order to estimate the EHII tor Keystone Dam, a
polynomial regression analysis was carried out on temperature data
from ten weather stations in southern New MexIco and west TeXaS,
at similar latitudes and elevations, excluding El Paso. A fourth
oiudr p lvnomial provides the most satistactory tit tor the rcia-
tio nship between elevation and E HT (Batcho I984a:14-15). The
pr edic ,_d Etti tor Keystone Sites 36 aid 13 is 293.2 )h (TabIc 45).
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Table 45. Hydration rates for obsidian source groups

identified at Keystone Sites 36 and 37.

Source Group Hydration Rate

1 8.817 square microns/1000 yrs.

2 3.724 square microns/1000 yrs.

6 6.981 square microns/1000 yrs.

Effective Hydration Temperature for

Keystone Sites 36 and 37: 293.256
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Previous Applications of the Technique

Micheis and lIsong have used the induced hydration technique

to determine hydration rates for more than 25 chemically distinct

obsidian sources from four ditrerent continents. Although this

technique is still in its developmental stage, when both dating
methods are avaiialie for comparison, the results of obsidian

hydration and radiocarbon analyses are in general agreement. The
two methods have yielded comparable dates for Upper Paiolithic

and Neolithic horizons from Kenya, at a Mycenean quarry in
Sardinia and at a quarry on Easter Island (Michels, Tsong and

Nelson 195J; Michels et al. In press).

The technique has been further tested at a variety of N11SU
project sites in New Mexico and West Texas involving approximately
75 samples. Corresponding obsidian and radiocarbon dates have

been obtained from a Basketmaker Iiill camp near Grants (Batcho
1964a) from the Archaic and Formative periods at Vista ills in El
Paso (Kauffman 1984), from Formative shelters at Pena Blanca in
ine southern Organ Mountains (Steadman Upham, personal
communication, 12/5/84) and from the Dora Ana County Airport sites
west of Santa Teresa, New Mexico (Batcho 1964b). The dates from

these sites are presented in Appendix 3d except for those
available in Kauffman (1984).

Induced hydration dates have also been tested against

archeomagnetic dates from Pueblo period pithouses on Meyer Range,
Fort Bliss (Scarborough 1964). The original determinations showed
some significant discrepancies with the archeomagnetic dates but
these probiems were traced to the calculation of the EHT. Dates

were recalculated at NMSU using the polynomial equation mentioned

above, ratner than the weather data from El Paso. The results are

in close agreement with the archeomagnetic dates. Dr. Scarborough

his kindly agreed to allow the inclusion of these independent test

resuLt .s in this discussion and the dates are listed in Appendix3d.

NHSU has also run reliability checks on the laboratory

methods by the blind resubmission of samples from several sites to
MohIab. T17he results obtained from separate submissions have been

comparabie tor all but five (1%) samples (Kauffman 1964).

Further support tor the validity and consistency of the

technique comes from a comparison of dates assigned to specimens
trom ditrreit chemical groups. Recall that since each group is

characterized by a distinct hydration rate, the dates provided by

arti tacts fron ditterent groups within an assemblage constitute

independent estimates ot the site date. Comparable dates have
h en prod uki rd by two source groups at the Pena Biauca and

Roller,.ite sites in the southern Organ ountains, by three groups
.it D~ona .\al County Airport Sites 20 and 24 and by the results at

Keystone Sl t,'- 30 and J7 tsee Appendix Jd). it may be concluded
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that "obsidian hydration dating...can now be said to have reached
a stage of development in which it is a thoroughly operational
chronometric technique (Michels, Tsong and Smith (l9 3:1i5-l1o).

of course, on-going research continues to further test and retine
the methods ot induced hydration.

Keystone Obsidian Dates I
A total ot 2o datable obsidian specimens were recovered from

the Keystone sites, with all but four of them coming from Site 37.
Three chemical source groups are represented, as noted in Appendix

3a. Since the cultural horizon at both sites is essentially
homogeneous (see Chapter 5) it is not possible to assign any or

the dates to different strata. Nor is there any spatial
clustering of dates from different periods wnich could be used to

subdivide the assemblages into temporal components. As a result
Lhe ratge of daLes are taken as applicable to the entire
assemblage within each site. The hydration rim measurements and
dates are listed in Appendix 3b. Agraphic summary of all dates
(with their two sigma ranges) is presented in Figures 65 and 66.
DetaLis of sample provenience for all chronometric dates at Sites
3b and 37 are provided in Appendix 3.

At Site 3b only four obsidian dates were obtained, but the
remarkable similarity among them inspires confidence in their
validity. The 95% confidence interval for all four dates falls

between about A.D. 52U-900 (Figure 65). Two samples (2 and 1008)
even produced exactly the same date. On the basis ot the tight

cluster of obsidian dates, the suggested most likely period of
occupation is within the A.D. 500-900 range. This date would

place Site 36 squarely within the Mesilia phase. A Mesilla phase
assignment is compatible with the type of ceramics found (see

below) and with an interred leaf succulent processing function
(Whalen 19/6; O'Laughiin 1980). The relationship between the

obsidian and radiocarbon dates are discussed below.

Twenty-two obsidian dates derived from three different source

groups were obtained at Site 37. Nevertheless, clustering of the
dates is still clearly evident kFigure 66). In spite ot the fact

that three different hydration rates were used to calculate the
dates, the 9/. confidence intervals for all but two of the

specimens fall within the range of A.D. liOU-1400. The intervals
for halt the specimens occur entirely within that time range.

Assuming that all groups resident at the site utilized and
deposited obsidian at comparable rates, the dates s,' est that

most cultural deposition at Site 31 occurred between \.J. 1i 10 and

140. While the validity of this assumption is certainly open to

testing, there is some support for the suggestion that it applies
at Least for the El Paso region. Firs t, as noted in Chapters 5

and 9, all the obsidian on Sites 36 and 37 were obtained from the
inixed-rounded gravels along the Rio Grande Valley margin. 'These

!.ir I .V
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resources would have been accessible to prehistoric inhabitants of

all time periods (Chapter 5). Secondly, although obsidian is not

commonly observed in Valeoindian assemblages in general, such use

has been recorded in the El Paso area. A significant portion of

Lhe obsidian from Vista Hills was dated to tne late Paleoindian

period (Kautfman l9t4) and obsidian pebble reduction was common at

FB-1613, a Paleoindian camp on Fort Bliss near Fillmore Pass

(Carmichael 1983a). The use of obsidian is well documented in

Archaic and Formative period assemblages, so it would appear that,

in the El Paso area at least, obsidian was available to and used

by groups from all prehiscoric periods.

The suggested range of dates tor Site 37 is much later than

had been predicted on the basis of gross feature and assemblage

morphology. Tne period A.D. U100-1400 corresponds roughly to the

iocal Pueblo period, or Dona Ana and El Paso phases. However,

unlike the previous case, Site 37 does not contain artifacts or

otner characteristics which would ailow it to be identified as
belonging to either of the Pueblo phases. This observation will
be examined at length in Chapcer 13. Tne comparisons of obsidian

and radiocarbon dates are examined below, but several other points
ragarding the obsidian results deserve mention here.

First, it is obvious that there is essentially no overlap
among the obsidian dates from tne two sites. The earliest

possible date at 37 and the latest at 36 meet at about A.D. 900,

but tne zones of major overlap among dates witnin sites are

clearly distinct. This is the case even though the source group

used to cate Site 36 is also present on 37. Thus, tne diil..rence

between the sites cannot be attributed to differences between

material source groups.

Further examination of source groups at Site 3? is also

instructive. Dates derived from the three dirierent sources are
mutuatly overlapping and there are no distinct clusters which can

be attributed to specific chemical groups (Appendix 3a). Although
611 of tne Group VI specimens fall at the late end of the range,

their dates overlap signiticantly with those of Group II. Just as
in the cases cited earlier, the calculation of similar dates

derived from different source groups lends a high degree of

contidence to the vaiidity of the overail range ot dates.

Ene Keystone data also provide another interesting result
rcgarding the eftects of depositional context on obsidian dating.

At Site J6, specimen numbers 2 and 82 were recovered from the
skrtace wni the others were buried. Nevertheless, the samples

yielded comparable dates with one subsurface piece producing a

dALe identical to specimen 2 (Figure 65). The same phenomenon is

-, evident at Site JY where tne seven surface specimens (numbers 541,

267, Y12, 4U1, 296, 791 and 739) yield age ranges wnich are well

intermixed with the subsurtace results. This finding reiterates

'ne view that hydration rim variability recorued in earlier
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studies in the region are attributable to chemical composition and

not degree of burial as has been suggested by previous researchers
(cf. Whalen 19o0; u'LaughLin 1960; Hard 196-). Ali the above
mentioned observations lead the authors to place a high level of
confidence in the veracity of the Keystone obsidian dates. Wh1at
remains now is to reconcile the obsidian results with the %
rldiocarbon dates.

RADIOCARBON DATING

Keystone Radiocarbon Dates

A total or i5 radiocarbon samples were submitted from Sites
36 and 37 for dating at Beta Analytic, Inc.; all samples were
wood charcoal recovered in situ from hand excavated teatures. The
samples were pretreated by the removal of rootlets and then given
a hut acid wash in order to eliminate carbonates. The samples
were converted to benzene for counting and 10 of the samples were
given an extended counting time due to their small size. The
dating results in radiocarbon years were corrected for variations
in the stable isotope ratio. The radiocarbon and adjusted dates
are Listed in Appendix 3c. The determinations were further
corrected for variations in atmospheric carbon by using the
calibrations provided by Klein et al. (1982). The corrected dates
arc snown at the 9J . confidence level (two standard deviations) in

Figures 65 and bb.

The intervals for the five dates at Site 3b ronge from about
iU40 B.C. to A.D. 550 (Figure 65) with the period of maximum V
overlap at about IUU-50U B.C. The eariiest and latest dates are
on wood from large roasting pit features at the southern end ot
the site. Feature 14 is a small pit dug into caliche at the same
stratigraphic level as Feature 18, a rock hearth in the west-
central portion or the site. Feature 17 is a small hearth at the
north end of the site. All the dates except perhaps that from
Feature 7 are earlier than would be expected from a Mesiila site
and they are certainly earlier than the obsidian dates at tne same
sLte. Although the effects of multiple occupations cannot be
ruled out at this site, the similar results at Site 37 suggest
that tnere may be other factors operating to produce consistent

discreptncit s between the radiocarbon and obsidian dates.

fhe o radiucarhon samples dated at Site 37 are tron atl
three main feat ure types: roasting pits, hearths and pit
st ruc ttir ,s. Although some cltstering of dates is evident during
toe Pocolo period, a very high degree of variability is recorded
wi L dates rang og [)1114trot about A.D. 140o to Z1Un B.C. (Figure 0o). %
(t part tcul or iterest iS the group ot three samples within 2 cm
0) Li L (0) r)1 0 hC at ore 219. Note: A hocat ion 2 cm above t ne
floor hi-,ild be arg, ued to be not on tL11 floor. Nevertheless, ' cm
IS w'L Wi t Ull t' oII ge Ot L ituckllesstes tor r-lti facts whikh were
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found on tile floor. Given the rapidity with which shallow
depressions in sand begin filling, it is likely that these samples
were deposited immediately arter abandonment, at least in terms of
the archeological Lime scale. See the discussion of Feature 40,
Chapter 8, for an example of rapid filiing covering artifacts at
the floor followed by long-term filling and reworking of materials
10 cm or more above the floor). The tact that they cluster very
tightly is reassuring evidence that the C14 dates are valid and
internaLly consistent. These three dates, along with those from

Features 25 and 35, cluster nicely within the Pueblo period,
prov id ing im po rtan t corroboration for the obsidian dates.

Nevertheless, there is still a rather striking discrepancy between
tle five earliest radiocarbon dates and the obsidian results.

The most obvious explanation for such a distribution of dates
would be multiple occupations of the site throughout the late
Archaic and early Formative periods. While such may be the case
tor Site -b, several lines of evidence argue against the validity
of that interpretation for Site 37. Of the five earliest dates,
two are from large roasting features (Features 3 and j4) two are
from small hearths (Features 21 and 22) and Feature 40 is a pit
structure. As was discussed in detail in the preceeding chapter,
the spatial locations of all three feature types are part of a
very well developed intrasite distributional pattern. The

super positioning of some pit structures is evidence for more than
a single occupation at the site, but the well developed intrasite

distributional patterns are good evidence for redundancy in the
functional partitioning of space within the site (Chapter 3;
Binford 1982). In other words, the occupations at Site 37 were
most likely at least roughly contemporaneous in order for the
location of one type of feature to have consistently conditioned
the locations of the others. Multiple occupations occurring over
a long period of time, and possibly involving different functional
activities, could be expected to obscure intrasite patterns
(Binford 1962). In light of the well defined spatial patterns, it
is ditricult to support an interpretation in which Features 3, 21,

22, 34 and 40 represent Archaic and early Formative components
which coincidentally fit a tight spatial pattern defined for the
remaining features. The implication is not that the radiocarbon
dates are spurious but, rather, that they do not date the cultural
behaviors whicn produced the associated features. Several lines
of evidence support this tatter reasoning.

First, four of the five dates obtained on charcoal from pit

Structures are late in time, well within the Pueblo period. The
sample trom Feature 40, the one exception, was recovered in
redeposited fill iU cm above the floor of the structure and would
thus make a poor choice for dating the use of the structure. If
the structures date to the Pueblo period, as is indicated by tour
radiocarbon dates, it is most logical that the teatures exhibiting
a sIi~thal distribution complementary to them are also attributabie
to the sait time range.
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Add it j )iiil ('V iit'li th, t SOine 0t tLhe rad iocrbon dates are
to) tara l y i : prov ill ki by an examf i;ition of ceramnic distributions
, I t Ir,, si t.. Very t t'w ce utl its were rucorded on thl, sIL,- and
I'o.'t nre is one ,)It j)It y tWO te-at ures with whit-h sherds were

aSSoc0 It . . The iIIL4.'! 1;11 datLe 0I 14) )-Z IJ00 t.. is cL-i earl y tar
Io() early to r cerain ic s in Ltk' South west. The only other feature
'o11Li lli g cit-rain c s on this site (Feature 25) yielded a date range

o I abo ut A.D. 1040-14 /0 which is, ot course, fully compatible with .4

Lit, accepted ('hr(iiK)1 ;y ot 1ocat ceramic manutacture.

Finally, if the earlier dates at the site were the result of
an earlier component, one could expect a ditterent temporal
distributiont among the dates. Tlne only well dated Archaic site in
the area is the lower component at Keystone Site j,. Recall that.
the dates fron the Archaic horizon were relatively well clustered
as might be expected tor a group ot teatures occupied at roughly
tie saine time period (O'Laughtin 1980:48). The clustering
presents a distIncty ditterent pattern than the distribution at
Site 37 where the dal's are distributed over a range of about 3500
years with ittlie evidence of clustering prior to the Pueblo
period (Figure Wb). Such a wide dispersal of dates would not be
expected from an eartlier component, and, again it is uinlikely that
live small discrete occupations over a period of 2500 years would
produce reinains so consistent with the tight internal pa tterns of
feature and artifact distributions.

'To summarize, the radiocarbon dates obta[tied tron both sites
are tar more variable than the obsidian dates. The C14 dates have
larger error tarCtirs and do not form convincing clusters except
for tile Pueblo period dates at Site 37. The earlier dates do not
tit with Lte general contemporaneity of features as interred from

distributional patterns. The earliest date, from Feature 3,
co(ntradicts tne temporal placement we would expect given tne

association of ceramics. Finally, the wide dispersal of
radiocarbon dates is not the pattern which could be expected from
earlier coinponents. These resutLs suggest that a higher level ot
confidence should be placed in the obsidian dates tor the purpose
ot interring probable periods of occupation at the sites (Figures
r and no). The most parsimonious way o reconciling the
ditlerences between the obsidian and radiocarbon chronologies is
by reterenc,' to the "old wood" problem.

Thi ; "Old Wood" Problem

Ol.e ot the main challenges in constructing radiocarbon

chronologies is tile need to adequately characterize the nature of .

till' IssoclA.- li)n between the, date and cultural bellivior. Clearly,
the study ot site tormation processes are important in such an
Cnd ,,v or. White si t to nn ation proc esse s have been considered by
a variety of authors, in regard to artitact and teature
di'lX)Sl ttn, the issue has riot oiten been addressed in the context



of radiocarbon analyses. Important exceptions are provided by

Dean (19/8) and Schiffer (1962, 1984). In a recent paper Schiffer
(1964) argues convincingly that variability in rates of wood decay
has skewed most radiocaroon chronologies in the direction of
greater antiquity. This phenomenon is termed the "old wood"
problem (Schiffer 1962, 1964:3).

Put aother way, recognition of the old wood problem is a

recognition that a variety of tactors may lead to significant
differences between the time a tree dies and the time it enters
the archeological record as charcoal. One basic component of
variability derives from the growth characteristics of the trees
themselves. Most of the living cells in a tree are in the outer
rings and the inner portion or heartwood is dead in terms of

radiocarbon absorption (Hoadiey 1980:b; Dean 1976). Thus, in
long-lived species, charcoal from the inner and outer portions ot

a tree could produce dates ditfering by 500 or 600 years (Schiffer
1962:324). An even greater potential difficulty is caused by the
likelihood that prehistoric groups gathered dead wood for use as
tuel .

Particularly in the arid Southwest, there are several tactors

which could contribute to the availability of dead wood as a
resource in the prehistoric (and modern) environment. The first

of these is the range ot species available and their relative
degree of resistance to decay. When sapwood cells die and become

heartwood, the transformation is accompanied by the production of
extractives. In some species the extractives increase the density
and reduce the permeability of the wood and are also toxic to
tungi, making the wood resistant to decay (Hoadley 1980:6).

Mesquite and juniper are recognized as two of the most decay
resistant species iloadiey 1960:36) and although not usually

treated in wood technology texts, empirical evidence for the
durability of ironwood is compelling (Schifter 1982).

The other major factor favoring the accumulation of dead wood

is an arid climate. A relative lack of moisture inhibits the

activities of most biological agents of decay, including bacteria,
fungi and insects (Hoadley 1960:33-37; Schifrer 1964). Throughout

much ot the Southwest, the decay resistance of dead wood from the
above species is enhanced by the dry environment. Given that

cutting greenwood from the desert hardwoods is a relatively
dittLcult chore, it is LikeLy that deadwood would be utilized
whenever possible (Schifter 1982:324). Three main sources tor
dead wood can be antLicipated: dead branches on live trees, dead

trees, either standing or as surface litter, and drittwood
(Schit ter i 964).

As Schtrfer (196/:324) notes, dead branches on living

mesquite trees are collected tor tuel by Papagos. Sc hi tter's
experiments in collecting dead mesquite branches yietaed a date ot

9/0-/-43J B.P. on a composite sample containing 23 specimens
(1 9o: 29). Given thet the sam pie was a com I)si te , some ind iv id uLvI
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specimens would likely produce even earlier dates.

Dead wood from the surface litter on the desert floor can
also yield old dates indicative of significant accumulation. Two
investigators working in the Sonoran Desert collected surface
samples of ironwood and submitted them for radiocarbon analysis.
The resulting dates, obtained from wood available on the present
surface, range trom 210+/-70 &P. back to 153t B.P. (cited in
Schiffer 1962:325).

In areas adjacent to major drainages, such as the proximity
of Keystone Dam to the Rio Grande, driftwood can be a significant
source of fuel and of old wood (bcniffer 19b2:325, 1964:30).
Along the Colorado River Ferguson (19/1) has used dendrochronology
to date driftwood samples ranging from A.D. 500-1956 (Schitfer -

1982:325). Furthermore the samples exhibited a 209 year
difference between the mean inner and mean outer rim dates.

The use of any of these sources ot dead wood can be expected
to produce anomalously early radiocarbon dates, representing the
time of death rather than the period of use. The magnitude of the
error may be unpredictable for individual specimens, but
Schiffer's (1982, 1984) analysis of Hohokam chronology identifies
patterns which could be expected if the old wood problem is
affecting other chronologies.

Variability among the radiocarbon dates is systematic rather X
than random. The dates are consistently earlier and more variable
than would be expected on cultural grounds. Moreover, radiocarbon
dates seem to be most variable during the late Archaic and early
Formative periods. Schiffer (1964:32) suggests that by the
Sedentary period much of the accumulated old wood had been
consumed. Subsequent cutting of live wood could be expected to
yield greater consistency amog dates. While the timing of such a
sequence of change can be expected to vary from place to place,
its form could potentially be part of the archeological record
wherever wood resources were unrder heavy stress.

old wood dates can be expected to be problematical when small
charcoal samples are involved. It is reasoned (Schifler 1962:3J2,
196 4: 34) most small wood charcoal samples are the remains of
gathered firewood, as opposed to the larger pieces which might
reflect the reuse of structural wood. At sites where structural
wood, annual plants, or other short-lived species were used for
fuel, old wood dates should be less of a problem.

One finai interesting pattern observed in the context of the
old wood problem concerns the temporal distribution of radiocarbon
dates. °[here is no way to assess the magnitude of error for any
given single date. However, in a series of samples, some of the
latest dates may pertain to cultural events. Schifter k1984:39)
uses this reasoning to interpret the dates for archeological
phast-s but the same approach could apply to groups of dates from
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individual sites. Within such a group we could expect a few dates

(clustered) at the end of the time range to accurately reflect the

period of occupation, with the remaining samples dating to various

(nonclustered) earlier periods. Recall that this is precisely the

pattern whicn characterizes the radiocarbon dates from Keystone

Site 37 (Figure 66).

Old Wood and the Keystone Sites

Site 37 appears to be a classic example of the effects of the

old wood problem on radiocarbon dating. At least one date

Sspecimen IZ31) is unacceptably early if one accepts the
association with ceramics. At least half the dates are

unacceptably early it one accepts the argument that the
complementary distribution of feature types reflects at least
general contemporaneity (see Chapter 9). Further, the distribu-
tion of radiocarbon dates exhibits a cluster at the latest end of
the range and a variable pattern of dates throughout the earlier
three-fourths of the range (Figure 66). This distribution is
quite unlike the clusters produced by multiple occupations at Site

J3. it is, however, precisely what Schiltfer predicts for a corpus
of dates aftected by the old wood problem. Finally, it is known

that wood resources of appropriate durability were collected for
use at Sites 3b and 37. Virtually all of the charcoal on the
sites was identitied as either mesquite or juniper (see Chapter
12). As noted above, these two species are among the most decay
resistant and, as a result, are highly susceptible to old wood
pr o i em s.

Even it the Keystone evidence were limited to the above data,
the effects of old wood dates would be a plausible explanation for
the radiocarbon results. It becomes even more parsimonious as a
means of reconciling the discrepancies between the radiocarbon and
obsidian chronologies. As discussed in the previous chapter, the

artifact scatter at Site 37 appears to follow the same
disLributional pattern as the features. If the complementary
distribution reflects approximate contemporaneity, then half the
C14 dates are unacceptably early relative to the entire corpus of
obsidian dates. Furthermore, half of the radiocarbon dates
corroborate the late placement of the cluster of obsidian dates.
At present, old wood problems appear to provide the most straight
torward and satisfying explanation for the distribution of chrotto-
metric dates at Site 31. Although the situation is somewhat less
CoMpL.-x at Site 30 (e.g., there is no clear cluster of C14 dates

and Little overlap with the obsidian dates), it may be due to
iiving a smalLer sample of dates. Given the overall similarity of

tie pattern ot variability and distribution of dates with Site 3/,
Lhe old wood problem is probably indicated at Site 36 as well.

The results of this study suggest that, at least in this case, the
onsidian hydration dates provide fewer opportunities tor the
introduction of error, both in the dating method and in the
assoc iation ot dated samples with cultural events. Thus, in
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i vdr.t L itai rtes Ults.
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he oh y possibl e cxpi antit ion for the patteCns obeup'ed at Sites
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that other s have not been considered. 'Ihe most obvious

ilternt 1it1Ve is mul tipe occupations; various teature types and the

arti t1ct scatter could conceivably date to ditterert periods. it

h:; itrt.,ady bcen noted that the sites are indeed tie result at

reoccuiXtiton but it was suggested that such reuse would have been

tairty close in tine (i.e., in the same culture period). The

radiocarbon dates at Site 31 range from the late Archaic through

tie lat Formative period. It they are the result of separate I.

components, one should expect to find evidence for two or three

distinctive archeotogical assemblages.

As mentioned earlier, the lack of stratigraphy does not aid

the evat tLition of the possibility of multiple occupation levels.

however, if some teatures were associated with each difrerent

occupaLion, one still might expect to see artifactual differences

such as the occurrence of aceramic versus ceramic components,
obsidian used only as small arrow points, etc. Such variability

in the assemblages was not evident. In fact, the multiple

occupation hypothesis would require a mechanism which thoroughly

mixed the assemblages from distinct occupations without obscuring

aeta.tIs such as the artifact density differences associated with

pit structures. In addition, deflation would have to be

suitticient to reduce features from different time periods to the

same base level without disarticulatig the fire-cracked rocks in

t hem.

Another possibility might be that different types et teatures

and dilterent areas of the site were used during different time

pt rIods. For example, the pit structures could all date to the

L.itt;t occ uiition (represented Dy obsidian) and the fire-crackedk

rocK teaLures to earlier occupations. There are at least two

probiens with this sort of argument. First, it requires that the

iocitton Ot ditteren t teatures, deposited a thousand years apart,

coin:c identaliy produced clear distributional patterns in the

pc Li tioning of intrasiLe space (see Chapter Ic). ,ec ond, one

U,, ,d have to explain wtiy obsid ian was used only by t le latest 

ij),Il LS When thelrt' is I Strong record ot its use in La.

i.:-ndja t area t hroug hoUt the Archaic and Formftiv - periods

'"1-,1 1ht ill I 96o; WliaL ken 19o'); Kauftman 1964).

1 in alLy , i t i s no ted t h, t t he range in r ad i oc a rho n da te s at
Site S is considt-r Ite. It can be argued thit ')Il wood problems

i, n,) t o 'oinL t r stc I a wide range of .m .'L , h t i s ch ;ill
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probably contained old wood of even greater ages. Furthermore, it

dead wood has been collected for significant periods of the
prehistoric and historic past, its availability and hence, the
potential range of ages, must be somewhat limited in modern
samples, in any event, research has not yet progressed to the
point where observed range of dates can be dismissed out of hand"
as being too great for old wood effects.

The application of the old wood argument to the dates at
Keystone Sites 3b and 31 may not be comforting to all readers,
especially in light of the implications for local cultural
systematics (see below). There are possible alternative

explanations. It is simply argued that alternatives, such as
multiple occupations, require the occurrence of a rather

improbable sequence of events. By reference to the principle ot
Occam's Razor, the old wood argument seems, at present, to offer
the most parsimonious reconciliation of the dating results.

Further support for the utility of the old wood

interpretation is provided by the fact that it also accounts for
some chronological difficulties reported at other sites in El Paso

area. At Castner Range Sites 71 and 80 a rather perplexing array
of radiocarbon dates were reported (Hard 1983:505/). Three to

tive samples were analyzed from each of seven features. In each
case, charcoai samples from the same feature yielded a wide range

of dates. A typical example is provided by Feature 7 at Site 80,
whose contents dated from 25 /-140 B.C. to A.D. 71U-/-145. The
distributional pattern of the dates is even more interesting.
Each of the tour features at Site 80 exhibit clusters of two to
three dates at the late end of their distribution, with the-- O
remaining samples dating earlier by varying degrees (Hard
19b3:Figure 19). The distributions are very similar to those
recorded at Keystone Sites 36 and J/ and to the theoretical

expectations discussed by Schiffer (1984). It seems likely that
old wood dates are to blame for the variability among the Castner
Range dates.

Schiffer notes (1964:2) that the traditional way of dealing
with conflicting dates is to reject those which do not fit our
prior expectations of the data. This approach was followed at
Castner Sites 71 and 80, withat least nine dates being deleted.
In one case the dates within a feature were so variable that they
were all deleted (Site 71, Feature 3). In all other cases,
however , it is the earlier dates which are deleted as
unacceptable. in other words, it was the earlier dates which did
not fit with a priori expectations relating to site form and

con tent. Again, the systematic nature of the discrepancy suggests
an old wood problem. For the purposes of estimating tne age of
cultural events, it is useful togive added weight to the latest
dates in a series. Nevertheless, the earlier dates should not be

deleted as spurious simply because they are problematical. They
arc only spurious it we expect radiocarbon ages to date culturalU
events rather than the biological ones they actually record.
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However, a consistent search for simi ar discrepanci is d:Id
patterns in chronologies may provide information on prehistor i P,
behavior as it relates to site formation processes.

For instance, there are at least four excava ted si tes in t !t
El Paso area which exhibit chrolologic characteristics expl air ,lib.
as old wood dates (Keystone Sites 36 and j7, and Castner Sites i

and 60). All four occur in baj ada settings and they are itllerrttl
to have been occupied for the purpose of processing leat
succulents. Charcoal identification indicates the use of upland
desert hardwoods (i.e., mesquite) and juniper for t uel. This set
of traits contrasts with Keystone Site ii for which evidence or an
old wood problem is lacking. Site 33 is in a more riverine
setting and shorter-lived riparian species such as cottonwood and
desert willow are present in the botanical remains. The shor ter-
lived species, which are also less decay retsistan t, would be less
likely to accumulate as deadwood. Thus, there may be evidence or
a river ine/ upland dichotomy in wood resource procurement which is
reflected in the old wood problems at upland sites.

Further comparative data from excavations at the Do'na Ana
County Airport suggest a more complex picture. Like those
discussed above, Sites FA2U and FA24 are also upland sites,
located on a valley margin surface west of the Rio Grande but in a
mesquite dune setting rather than a bajada. They are located
within [00 m of each other and the radiocarbon and obsidian
hydration dates show the sites to be contemporaneous (Appendix
3d). The crossmending of sherds from a large Ramos Polychrome jar
found at both sites suggests they may actually have been used at
precisely the same time. The sites consist of a small El Paso
phase pi thouse, several associa ted trasti-filled pits and some
small rock and caliche hearths (Duran and Batcho 1983; Batcho
1984b). No features are present which resemble the large tire-

cracked rock features in the Keystone Dam and Castner Range areas.

In spite of the upland location and availability of desert

hardwoods, there is no evidence of an old wood problem at
FAZO/FA24. The radiocarbon and obsidian hydration dates are in

close agreement (see Appendix 3d). This is very likely due to the
tfact that the radiocarbon dates were obtained from the charcoal of
annual plants. Dr. Wilma Wetterstrom (1984) has identified the
charcoal as yucca stalks, maize cobs and reeds (phragmites). A

different fuel procurement strategy appears to be indicated. The
site may have functioned as a field house, so both the maize cobs

and yucca may have been local resources. The presence of charred
phragmites seems tc indicate involvement in a riverine based
procurement strategy.

In either case, there appers to have been no need to collect
quantities of dead wood for fuel. The four sites exhibiting old
wood problems are also those which are most clearly directed at
the specialized processing of Leaf succulents (recall that we
interpret the large quantity of small hearths at Keystone 33 to
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be indicaLLv ot more geueraiized domestic functions, a view which

is compitibie with the evidence for substantial numbers of brush
and mud houses at the site). It is possible that the large
roasting features required great quantities of fuel which, in
turn, were acquired by systematically collecting dead wood in the
vicinity of the sites. If this is the case, we should expect to
find turLher evidence that old wood dates are a problem primarily
on sites with large roasting features in the upland bajada zones. 4

RiLative Dating of Artifacts

Keystone Sites 36 and 37 both exhibit a relative lack of
artitacts which wouid normally be identified as having temporal
significance. Since so few artifacts were recovered, the
observations regarding ceramic and projectile point typologies
have been of Little use in dating the sites. A brief overview of
the typological results is included here mainly for the sake of
can pie teness.

Ceramics

A total of 32 ceramic sherds were recovered from the two
sites, three quarters of which were found at Site 36. All 24
sherds from Site 36 are derived from local plain brownware jars,
but it is not possible to specify the pottery type. No rim sherds
were recovered and none of the specimens were painted. The sherds
are mostly small fragments which have been severely eroded. Due
tc the similaritiis in paste, temper, etc. between the local
painted and unpainted wires, it has become customary to assign a
designation o unspecific brownware (UB) when rims and decoration
are lacking(Whalen 1978, 1980). All of the sherds from Site 3b
are identified simply as UB. In terms of dating they are not
useful; they do not contradict a Mesilla phase designation, nor do
they preclude the presence of later components. Six sherds were
recovered from within, or adjacent to, Feature 7 but, as discussed
above, it is not clear that the radiocarbon date from the feature
is reliable.

Only eight sherds were collected at Site 37. Of these, six
are typical local unspecific brown body sherds from jar forms.
One other jar sherd is not typical of local brownware. It is well
polished on the exteiior, has a very tine quartz sand temper and a
dark chocolate brown paste color (7.5YR 3/2). Cultural and
temporal affiliations of the specimen are unknown. The one
remaining specimen is a small eroded bowl sherd. it is tiin (3
11m), madeof fine buff-colored paste withvery fine sand temper
aid is well smoothed on the interior and polished on the exterior.
The exterior surface retains one indistinct spot of thin dark red
paint. The cultural and temporal signiticance of this sherd is
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not clear. The butf color might suggest a Chihuahuan ware but the

sherd does not resemble any of the Casas Grandes materials in the

CW1D reference collection. In short, the depauperctLe ceramic
assemblages at Sites 36 and 37 do not contribute to the
chronoiogicat analysis.

Projectile Points U
The analysis of projectile points is every bit as inconclu-

sive as the ceramic typology. A total of six bifaces were
identiried as projectile points (Figure b7). The only specimen

from Site 36 is a good example of the Golondrina style (Figure
61). Its presence on the site contradicts the other chronological

evidence presented above since this style is normally attributed

to the late Paleoindian/ early Archaic time range (Birmingham aid

Hester 197b). The point was recovered at the base of the cultural
deposit adjacent to Feature 1-. It could be argued that the point

retlects an earlier component at the site but the dates obtained
from Features 14 and 18, at approximately the same depth, are much

later than would be expected for the Golondrina style (see Figure
6b). Furthermore, it was suggested above that the dates trom
these two features are old wood dates. Thus, the presence of the
point does not fit with the obsidian dating, nor does it provide

convincing evidence for an early Archaic component. It is
possible that tte point was collected and redeposited by the site

occupants.

The five projectile points collected at Site 31 are also

illustrated in Figure 67. Specimens b, c, e, and f are all of
cher t and d is made of obsidian. The latter was recovered after

the obsidian samples were submitted so the point has not yet been
dated by obsidian hydration. In terms of formal characteristics,

they are rather uninformative with regard to temporal placement.
Points of this general size and form (side notched or corner

notched) are commonly attributed to the late Archaic and/or
MesiLta phase because later styles are often characterized as

being small triangular arrow points (eg., Lehmer 1948; ('Laughlin
1979:45-4/). Specimens 67 c and d could both fail in the rangeof
variability for San Pedro materials and 6/ b would probably be
identified as San Jose. 'the identity of the others is unclear but

examples similar to f have been assigned to the late Archaic/early
Formative in this region. Nevertheless, Leimer illustrates
points trom the Alamogordo Sites (El Paso phase) which are similar

to those trom Site 3/ k1946:b)) and the specimens reported by

O'Laughlin (19/9:40b may be related to a variety of Formative
period dates. 1-i short, the projectile points from Site 3/ appear

to have litile temporal significance. They do not contradict a

late Arcnaic/early Formative placement, nor do they preclude a
Pueblo period date.

This observation may be another example ot a more generai
pattern in which archeologi sts are beginning to question the
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Figure 67. Projectile points collected at Keystone Sites 36 (a)
and 37 (b-f).
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immutable temporal significance of projectile point forms (eg.,
U, rdell I 71 9; Stuart and Gaut hier 1961). While small corner and

side notched points certainiy do occur in preceramic contexts,

they appear not to be confined to the preceramic. During recent
NMSU tieId school excavations at Pu-a Blanca in the Organ

Mon tains, a number of corner notched points were recovered which
resembie tnose from Fresnal Shel ter , N.M. (Steadman Upham ,

personal communication). At Fresnal all materials are from the

Arcnaic period but at Pe'ia Blanca dates were from the late

Formative (Appendix 3d). In addition, Formative period dates have
been obtained on obsidian examples of "Archaic" points from

western New Mexico (Batcho 1964a).

Perhaps the most significant aspect of the ceramic and point

samples is the relative dearth of information they provide.

Speciticaliy, there are no artifacts present which can be used to

assign Site 37 to either of the local Pueblo phases. In other

words, the archeoiogical variability contained at Site 37 is not

adequately accounted for by the existing cultural-temporal

tramework in the Jornada area. The implications of this

observation are explored further in Chapter 13.

Implications of the Chronology

The results of chronological analyses undertaken at Keystone
36 and )/ have important implication for at least tour major

issues. The issues are 1) the apparent generality of old wood

problems, 2) the greater reliability of obsidian dating in some

situations and the resultant dates for the Keystone sites, 3) the

implication or the late dates for Site 37 in relation to problems

with the local phase sequence, and 4) the likely effects of old

wood problems on cultural temporal systematics in general.

Schiffer presents the case for the old wocd problem on the
basis ot radiocarbon dates from the Hohokam area. However, he

also suggests that the problem may be expected wherever long-
lived, decay resistant species were important prehistoric sources

of tirewood. The results of this study support his contention and
we can expect to tind evidence for old wood dates throughout the

Chihuahuan Desert region. In short, I agree with Schitfer's
observation that the old wood problem is probably much more

widespread than would be indicated by the Little research

unclertaken in the arid Southwest.

Given the evidence for old wood dates at Keystone Sites -b

and 3 7, it can be argued that, at least in this case, the obsidian
hydration dates are more rel iable than radiocarbon. It is

k, onc Lud d tlt most ot the C14 dates do not retLect the age ot
C (uLturak behaviors a L Oe Site s. Ne Litr Site appears to be %,

contetnporiueous with the major occupations of the other Keystone

Dam si tis. 'Die most like-,ly period ot occupation are A.D. 5OU-90o
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for Site 36 and A.D. IIUU-1400 for Site 3/. The Keystone results
further suggest that in certain situations ( ie., where old wood
dates can be expected), obsidian dating will continue to be the
most reliable chronometric technique providing some basic
assumptions regarding obsidian procurement and deposition are
accepted. Among them would be factors such as equal availability
or obsidian to groups from all prehistoric periods, evidence for
the contemporaneity of obsidian artifacts and other
characteristics of interest. The interesting results provided by
obsidian hydration analysis at Keystone 36 and 37 should indicate
the importance of continuing research on an application of the
tec hni que.

At the local level, perhaps the most significant result of
the chronometric analysis is the late date indicated for the
occupation of Site 37. The date is problematical because the site
cannot be adequately placed within the traditional phase framework
used in the Jornada area. The range of dates, from A.D. IOU-

1400, falls directly in the Pueblo period, and, in terms of
traditional systematics, the site should ideally be assignable to
either the Dora Ana or El Paso phase. Yet there are no material
characteristics of the site which can be used to relate it to
either phase.

Pueblo arctitecture is lacking of course, but even the two
recently described examples of El Paso phase pithouses do not
resemble tne structures at Site J3. There are almost no ceramics

at the site and none of the sherds recovered can be assigned to a
Pueblo period assemblage. The relative lack of ceramics is
significant since many very small sites in the El Paso area do
cont-in painted ceramics attributable to the El Paso phase (eg.,

Carmichael I983a). Furthermore, the lackot ceramics cannot be
bLamed on site function since sherds have been recovered from
other analogous sites in the region (Whalen 1978; O'Laughlin 1979;
Hard L 1963). Finally, even the projectlie points differ in style

from the small triangular arrow points generally thought to
characterize local Pueblo assemblages.

All of the characteristics of Site 37 most closely resemble
tiiose of other sites which have been assigned to the late Archaic
or early Formative periods. The adaptations modeled for those
periods are high mobility, generalized hunting-gathering
strategies. We are thus faced with the very real possibility that
such sLrategies persisted into later times when they were
operating during the same general period as Pueblo-based
st r a eg ie s.

The evidence for late toraging sites at Keystone Dam also has
br oader theoretical signiticance. Schiffer (1984:41) makes the
geiier at argument that arc heolog ical chronologies based on wood
charcoal will tend to yield dates which are too early, especially
tor the earLy Formative. Site -3 seems to be a local example or
this general problem. In the absence of the obsidian results, the
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S1 Le would have been assigned a much ear ier date. At the

regional ltveL, this process may be at [east partly responsible
tor tt,. progressivelt eariier daLe attriDuted to tie beginning of

the eariv Formative. Theoriginal Mesitla phase (A.D. 9UO-1 UU)
has been repeatLdy lenghened to account tor flew eariy

radiocarbon datesassociated with El Pas, Brown ceramics (see
Wtialer 19ou tor a detriileci discussion of Lile ceramic chronology).

The possibility tLtit some of the earliest "ceramic-associated"

dates may rerlect old wood is a vitaL concern !or tuture researcn.

Even more disturbing is the possibility that the old wood

problem has contributed to the archeoiogical invisibility ot late

forager sites. It is well known that the Jornada area was

occupied by a variety of hunter-gatherer groups at the time of

ethnographic contact. It is also well known that these groups

remain Largely undocumented archeologicaliy. The problem is
endemic to the analysis of short-term sites produced by mobile
strategies, whether historic or prehistoric. A generalized

, foraging strategy can be expected to produce ephemeral lithic and

ceramic scatters. Most of these are never assigned a pnase
a ff ilia tion. Many others are probably assigned to the late
Archaic or early Formative on formal grounds. It is interesting

to note that using the induced hydration dating method, Batcho

(1964b) tis recently identified a large campsite as dating firmly

to the mid-lbth century A.D. Prior to the use of chronometric
dating, the artifact assemblage from the site "clearly" identified

an "Archaic" occupation.

Sites LiKe Keystone 37 fit comfortably within archeologists'
traditional conceptualization of the late Archaic/early Fonrative.

They would proDably be assigned to that period even without the

benetit of radiocarbon dates (e.g., O'Laughlin 1980; RFP). Yet

the obsidian hydration dates indicate a much Later placement. In

the absence of the obsidian results, the radiocarbon dates would
h ive aiLLowed, and in tact required, us to assign most of the

occupition to the pre-Pueblo time range; precisely the placement
which would be most accepLibie to the traditional sequence. in

other words, radiocarbon chronologies of such sites have probably

not received enough scrutiny because they conrorm Lo a priori

conceptions of the developmental signiticance of ephemeral sites.
ilhe implication is that by not addressing the potential ror old

wood dates we could be consistently miside,,titying late toraging
St ts, ailmost by detinition. It is our ,'onientLon that a

c,) erted ettort to identify late ephemeral sites will be truitful

oal(I tI[a t t1ne tus e otI oh sid ian hydra L 1 w L I be central to Lha L

t t tor t
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CIAPTER 12

POLLEN AND t4ACROFLORAL ANALYSES

By Linda J. Scott,

Palynological Analysts, Lincoln, NE

Introduction

Pollen and macroflorai analyses at Keystone Sites 3b and 3/
were at least in part exploratory. Previous attempts to extract
pollen from prehistoric sediments in this area have largely met
with failure. Therefore, the pollen portion of this study was
engaged in establishing whether or not sufficient pollen could be

extracted from the samples to warrant further pollen sampling at
similar sites.

Pollen and macrofloral analyses were directed primarily
toward the recovery of subsistence data. Numerous pollen and
macrofloral control samples were taken from the present ground
surface for comparison with the archaeological data. Features
that were sampled at these sites include large fire-cracked rock

features that may have functioned as roasting pits, smaller
domestic hearths, shallow pits containing ashy soil but few rocks,
and the fill of four shallow, short-term pit structures.

The results ot the analyses provide some tentative evidence
for agave processing in the large fire-cracked rock features and
for the processing of Cheno-ams in small hearLhs. Also, the

identifications of charcoal and charred plant remains point to the
use of upland wood resources for fuel. The remaining botanical
materials yielded no further information on economic activities at
the site. However, the successtul efrorts to extract sufficient
pollen from the unconsolidated sandy soils is ot methodological
i n test .

Me thods

The pollen was extracted from soil samples submitted by the
Cultural Resources Management Division of New Mexico State
Universi ty. A chemical extraction technique based on heavy liquid

separation is the standard preparation technique used in this
laboratory for the removal of the pollen from the large volume of

sand, silt, and clay with which they are mixed. This particular
process was developed tor extraction of pollen from solis where
presurvation has been less than ideal and pollen density is low.

A sample size ot IU grams was used, as a low pollen density

was expected. Hydrochloric acid (10%) was used to remove calcium
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carbonates present in the soil, after which the samples were
screened through 150 micron mesh. Zinc bromide (density 2.U) was
used for the flotation process. All samples received a short (iW 4

minute) treatment in hot hydrofluoric acid to remove any remaining
inorganic particles. The samples were then acetolated for three
minutes to remove any extraneous organic matter.

A light microscope was used to count the pollen to a total or

I00-2UU grains at a magnification of 430x by Linda J. Scott.

Pollen preservation in these samples varied from good to poor.
Comparative reference material was used to identify the pollen to
the family, genus, and species level, where possible. The

identification of selected microscopic fibers contained within the
pollen samples was also attempted using cross-polar microscopy.

Specific evidence for the presence of Agave was sought. Fibrous
remains of the agave plant were used as reference material to
observe the morphology of the fibers, as well as the color

refractions.

The macrofloral samples were floated at the Cultural

Resources Management Division at New Mexico State University. The
lig.t fraction was examined for seeds and other botanical remains
that may have been present as a result of the use of the features.
The samples were sorted and the seeds identified using a

stereoscope by Margaret Van Ness, macrofloral consultant to this
laboratory.

Results

The extraction of pollen from the sediments at Keystone Sites -

3b and 37 using a technique based on heavy liquid separation was
successful. A total of 22 pollen samples were submitted for

analysis, Id (82%) of which contained sufficient pollen for
analysis. The failure of digestive techniques to extract pollen

from similar sediments has been noted by Horowitz et al. (1981).
Tne major problem encountered during the extraction of pollen from
the sediments from these two sites was the elimination of
extraneous organic matter from the samples. It was this unwanted

organic debris that hampered the concentration of pollen in the
samples, rather than an actual insufficient quantity ot pollen in
the soil. Degradation of the pollen made identification difficult
in some sainples, and as Bryant and Holloway (1963) discuss,

degradation of pollen cannot be assumed to be consistent with
respect to all types. Rapid degradation of selected pollen types
results in an incomplete pollen record for the interpretation of
the paieoenvironment. Interpretation of the palcoenvironment was

not, however, the object of this study. Negative evidence or the
absence ot a pollen type has not been used in this study to

reconstruct past environmental conditions. The presence of
charcoal within archeological hearth samples has also been cited

by Bryant and Holloway (1983) as a problem in the concentration of
polIen. It did not, however, constitute a problem in the

J34o

% ,r- %-

J4U r..,C~.~ -. SS.-



concentration of a sufficient quantity of pollen for analysis in
samples taken from hearth areas at these sites. In fact, the
question of sampling hearths should be dealt with on the basis of
evidence for intensity of the fire rather than the supposition
tnat the presence of charcoal impedes the concentration of pollen
to levels sufficient to facilitate counting. Laboratory
processing techniques, including swirling and the use of a heated
5. potassium hydroxide solution, frequently make possible the
concentration of adequate quantities of pollen for analysis from
hearths and roasting pits.

Keystone Site 36

The vegetation in the viciaity ot site KS-3b is dominated by
Prosopsis (mesquite), Larrea (creosote), and Yucca, although some
grasses (Graminae), Portulaca (purslane), Opuntia (prickly pear
cactus), Mammalaria (fish-hook barrel cactus), and Javelina bush
(a SoLanaceae) are also noted. The nearest occurrence of Agave is
approximately 300 m to the east of the site on gravelly ridges of
tMe Tortugas surface. The pollen record at this site represents
primarily the accumulation of background pollen. The arboreal
pollen frequencies are low but include a mixture of pollen from

the mountains to the east of the site, which contain scrub juniper
and scrub oak, and the riparian communities along the Rio Grande.

The primary contributors to the pollen record, both past and
present, are the Cheno-ams.

The large quantities of Larrea (creosote) and Prosopsis

(mesquite) pollen observed in the two samples from the present
ground surface at this site are not observed in tne subsurface
archeological samples (Figure 67, Table 46). Neither creosote nor
mesquite contribute extensively to background pollen rain.

Instead, their presence in relatively large quantities is
indicative of their presence directly at the locus being sampled.

Low concentrations of creosote and mesquite pollen in the
subsurface samples may indicate lower densities of those species
prior to the last few centuries (York and Dick-Peddie 1969;
Horowitz et al. 19d1). It is also possible that these shrubs may
have been locally cleared by the prehistoric occupants of the
sites.

The very large quantities of Cheno-am pollen noted in the

archeotogicaL feature samples are concentrated in samples from
hearths and the small pit (#967). The roasting pit and one hearth
sample exhibit smaller Cheno-am frequencies. This correlation of
higher Cheno-am frequencies with hearths may represent the

utilization of this natural resource by the occupants of the site.
Cheno-ams are a resource noted to have been widely exploited by
Indians of the American Southwest. The greens may be gathered and
cooked, or the seeds collected and ground into a meal to be used
alone or mixed with other meal, such as cornmeal (Robbins et al.
1916; Stevenson 19i5; Whiting 1939).
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Table 46. Provenience of Pollen Samples From KS-36

Sample Feature Pollen
No. Level No. Provenience Counted

KS-36
5o6 0 10 Surface control 100
625 1 10 Around roasting feature 200
9b7 3 14 Small pit 100
1368 0 18 Surface control 200
1374 13 Area around hearth 100
1382 4 13 Area around hearth 100
1403 2 15 Area of small hearth 100
1439 4 18 Area of small hearth 100

KS-37
1222 1 20 Surface control 200
1271 3 Around roasting feature 100
1569 3 20 Area around small hearth Insuff.
1834 0 22 Surface control Insuff.
1836 4 22 Area around small hearth 100
3277 29 Pit structure fill 100
3333 34 Area around roasting pit 100
3350 0 34 Surface control Insuff.
3362 0 29 Surface control 100
3504 53 Small narrow pit structure fill 200
3511 46 Pit associated with hearth 100
3523 43 Small narrow pit structure fill Insuff.
3627 55 Pit structure fill 100
3780 35 Pit structure fill 100
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Prosopsis pollen is noted only in the roasting pit sample,
indicating the possibility that mesquite was used as a fuel in
this feature. Mesquite beans were widely used for food by Native
Americans in the Southwest (Bell and Castetter 1937; Bye 1912;
Felger 19/7). If these beans were being exploited as a food at
Site 36, they would have had to have been roasted in their pods to
introduce pollen into the roasting pit. Distilled water washes of
various native foods indicates that legume pollen is transmitted
only when the pod is present and not when shelled beans are used
kGish and Scott 1983).

Keystone Site 37

The vegetation at KS-37 is also dominated by Prosopsis
(mesquite), Larrea (creosote), and Yucca (yucca). Other
vegetation noted in the vicinity of this site includes some
grasses (Graminae), Portulaca (purslane), Opuntia (prickly pear
cactus), Mammalaria (fish-hook barrel cactus), and Javelina bush
(a Soianaceae). Composites are noted to be ibundant in the nearby
arroyos. The poilen record at this site is defined by two samples
from the present ground surface, which contain vastly differing
quantities of High-spine Compositae pollen. The arboreal pollen
reflects both the mountains to the east of the site and the
riparian communities of the Rio Grande. Smaller quantities of
mesquite and creosote pollen are noted in samples from the present
ground surface at this site than at Site 3b.

The archeological pollen record at this site is dominated by
High-spine Compositae and Cheno-am pollen. The highest frequency
of Cheno-am pollen observed at this site was noted in association
with a hearth (#i511), indicating the possibility that this
resource may have been exploited. Tx pollen was noted both in
a present ground surface and a roasting pit sample, indicating
that the presence of cattail pollen in this feature may represent
wind transport of the pollen from the nearby riparian cammunities.
No other pollen types suggestive of economic activity were noted
in the polien record from these features.

Four pollen samples from shallow pit structures that may
represent wickiups or sleeping features contain almost identical
pollen records to one another. No pollen within these structures
is indicative of economic activity.

The identification of plant fibers using cross-polar
microscopy is still being pursued. No pollen or macrofloral
evidence ot Agave was noted in samples from these two sites.
Agave has been an important resource in the past, as is evidenced
by the references to its utilization. Whiting (19i9) notes that
agave buds and Leaves were baked in large earth ovens. Cushing
(192U) aLso observed the baking of agave "hearts" or the tender
base of the leaves in large roasting pits. The identification ot
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fibers comparable to the reference specimens of agave have been
made for Feature 10 (sample b25) at Keystone Site 3t. The
presence ot these minute fibers in the sai- le taken from the

supposed roasting feature suggests that aga-2 may, indeed, have
been processed at Site 3b. Identification of fibers observed in

otner samples at boch sites has not yet yielded other directly
corn parable mater ial.

AnaLysis of the macrotloral remains from both sites was very
disappointing. Virtually no charred remains and no charred seeds
were noted from these samples (Tables 4/ and 4b). innis 1961)

notes that a variety of factors may result in the presence o.
seeds that have no relationship to economic activity at

archeological sites. Therefore, in the absence of mitigating
circumstances, uncharred seeds are considered to represnt
potential contaminants within the site, and only charred seeds are
interpreted as indicative of economic activity. lhe only charred

material noted at these sites was a single charred juniper twig
frdgment in sample 3221, Feature 23, a roasting feature at Site

37. Uncharred juniper twig fragments were also identified in
Feature 9 at Site 3b and Features 3, 8, 14, 21 and 28 at Site 37.

The presence of a charred Juniperus twig fragment is important in
tnat it estabtishes the utilization of a resource (juniper) that
must be gathered some distance from the site. The present
distribution of juniper is in the mountains to the east of the

site. The pollen record from both sites indicate that the past
distribution of juniper must have been very similar to that ot
today.

Analysis of charcoal from several roasting pits and hearths

(Features 7 and 10 at Site 36 and Features 14, 22, 25, and 34 at
Site 37) at these sites was only marginally productive. Generally

speaking, two types of small charcoal fragments were observed in
the six charcoal samples submitted. A ring porous wood type,
probably representing mesquite was noted throughout the samples,
is well as charcoal from an unidentified dicotyledenous shrub.
The pieces of charcoal were too small in most of the samples to
aLlow positive identificationot the wood. Sample /8/, repre-

senting Feature 34, a roasting pit at Site 37, contained charcoal
fragments large enough to identify positively as mesquite

(Prosopsis). None of the charcoal present in these samples was

identLtied as representing juniper.

Summary and Conclusions

Pollen and macrofloral analyses at Keystone Sites 3t and 3/

were aimed at assessing the utility ot pollen s udies at these
types Of sites, and identitying the vegetable portion ot the
subsistence base. Extraction of pollen from samples taken from
both sites was successtul, yielding suft.cient pollen for analysis
from a total of 82/. of the samples. The problem in attaining a
sutrictent concentration ot pollen tor analysis iay in ridding the

34
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Table 'I'. Pollen Types Observed at KS-36 and KS-37

Scientific Name Common Name

ARBOREAL POLLEN:

Carya Walnut
Jufniperus Juniper
Pinus Pine
Quercus Oak
Salix Willow
Tamarix Tamarisk
Ulmus Elm

NONAHBOhEAL POLLEN:

Boernaavia Spiderling

Cheno-am3 Includes amaranth and pigweed family
Sarcobatus Greasewood

Compositae Sunflower family
Artemisia Sagebrush

Low-spine Includes ragweed, cocklebur, etc.
Hign-Fpine Includes sunflower, rabbitbrush, etc.

Cactaceae Cactus family
Ephedra Mormon tea

Eriogonum buckwheat
Eupho rbia Spurge

Graminae Grass family
Larrea Creosote

.Leguninosae Pea family
LiLizceae Lily family
Onagraceae Primrose family
Phlox Phlox
Polygonum Knotweed
Prosopsis Mesquite
Phamnaceae Buck-thorn family
Rosaceae Rose family

Sphaeralcea Globe mallow
Typha angustifolia Cattail
Umbelliferae Parsley or carrot family
Yucca Yucca

':

,. .
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Table 48. Provenience and Contents of Macrofloral Samnples
from KS-36

Sample Feature
No. Level No. Provenience Contents

491 0 6 Surface control Larrea()
Poaceae (3)
Yucca (1/1)
Charcoal ~trace

495 la 6 Roasting fea. contents Larrea (2)
Poaceae (1)

Charcoal =trace
565 la 7 Roasting fea. contents Echinocactus (1)

2nd area Larrea (2)
Poaceae (2)
Unknown fr ag.(1

Ch arc oal -trace
312 0 7 Surface control Larrea (20)

poaceae ( 10)
Yucca (1)
Charcoal znone

480 lb 7 Roasting fea. contents Charcoal~light
388 2 8 Roasting Lea. contents Charcoallight
670 la 9 Small ash-filled Juniperusi twigs (2)

basin contents Coarcoal =1ight
567 0 10 Surface control iarrea (3)

Poaceae (1)

Charcoal=light
662 la 10 Roasting pit contents polygonum (1)

Yucca (1)
Charcoal = li ght

6614 lb 10 Roasting Lea. contents Charcoal =lioght
667 Ic 10 Roasting fea. contents Charcoal=lignt

1371 3 1.3 Surface control Larrea (147+)
Leguininosae
cf. Prosopsis (5)
Poaceae (11)
Polygonum (1)
Yucca (3/3)
Charcoal =1ight

1473 3 13 Base of hearth Ch a roa1 =t race
1377 3 14 Small Pit contents Charcoazlight
1398 3 14 Small pit contents Ch arcoalI= i gh t,
1418 2 11) Small hearth conitents Poiygonum (1)

Ch arcoa1 ~tra ce
1402 2 17 Small hearth contents Portulac3 (1)

Cn'ia I= Iz igh t
11454 4j 18 2mall hearth (2dntuntxs khurcoal Light
1 4b2 )in ~ ai hearth co = ~ ica tra Oce
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Table 49. Provenience and Contents of Macrofloral Samples
from KS-37

Sample Feature
No. Level No. Provenience Contents

948 2 1 Roasting fea. contents Helianthus (1)

Poaceae (1)
Solanaceae (1)

Ch arcoa I =trace
3279 0 2 Surface control Helianthus (1/1)

Larrea (1)

Polygonum (1)
Solanaceae (1)

3305 3 2 Roasting fea. contents Charcoal=trace
3321 3 2 Roasting fea. contents Charcoal=trace

1306 3 3 Roasting lea. contents Juniperus twigs
Oxalis (21)

Poaceae (5)

Portulaca (1)
Charcoal =light

828 1 6 Possible control Larrea (2)
Mentzelia (20)
Opuntia (1)
Poaceae (17/12)

Polygonum (3)
Yucca (2)
Charcoal =trace

849 2 6 Roasting fea. contents Charcoal=light
3262 4 22 Small hearth contents Charcoal=heavy/

abundant

3307 3 8 Poss. control for F. 22 Juniperus twig (1)

Pocaeae (2)
Yucca (/I)
Charcoal =1 ight

887 2 12 Small fcr fea. contents Echinocactus (1)

Polygonum (1)

cf. Physalis (1)
Charcoal =trace

3368 1 13 Ash stain Charcoal=light
1241 1 14 Surface control Helianthus (1)

La r r e 7--
PCOi>'.:±e (10)
Yucw:a ( 1/ 3)
Ch'w,_oa_ :1 £gtt

1282 1 14 Hearth fill lleli;inthus (2/1)

J u nL!2 ,, tw ig:s
P ..... )

1588 3 21 Small hearth contents Jurinperus twig
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fable 49. Continued

Sample Feature
No. Level No. Provenience C ntents

Poaceae (1)
Polygonum (NI)
Charcoal : light

3221 2 23 Roasting fea. contents Juniperus twigs (1/1)
Oxalis (1)
Poaceae (1)
Charcoal=light

3327 3 23 Roasting fea. contents Charcoal=light

322t 0 25 Small hearth contents Cassia (1)
Charcoal =med ium

3216 1 25 Small hearth contents Cassia (1)
Oxalis (1)
Charcoal=med ium

3490 profile 28 Hearth fill Juniperus twig (1)

Oxalis (1)
Solanaceae (/1)
Charcoal =: ight

3299 29 Pit structure fill Charcoal=light
3332 2-4 34 Roasting pit contents Charcoal=heavy/

abundant

3361 34 Roasting pit contents Charcoal=abundant

3497 profile 40 Pit structure fill Compositae (2)
Charcoal =lignt

3513 profile 47 Hearth fill Charcoal=light
3525 profile 54 Pit structure fill Charcoal=light

3537 profile 60 Hearth fill Charcoalzlight

Legend:

Charcoal designations:

trace = less than 1%
light = 1-10%

medium = 10-50%
heavy = 50-90%
abundant = greater than 90%

* indicates charred ren,.ins

/ followed by a number indicates seed is a fragment
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sam pLes ot extraneous organic matter rather nan a! actual

insufticient quantity of pollen.

The pollen recora at both sites vield cd extremely 1 1mited

evidence of the exploitation of plants. Site 36, which appears to

kave been one or more task group camps, contains pollen evidence
of the possible exploitation of Cheno-ams. The concenLtrtion ot
ChenO-am pollen in samples taken near hearths is suggestive or the
processing of Cheno-ams at the site. A larger group of samples
representing other features at this site would be necessary to

test this supposition, as only a single nonhearth sample (a
roasting pitj was analyzed. Limited exploitation of Cneno-ans is
suggested at Site 37, as an increased Cheno-am frequency is noted
only in one hearth sample. The use of mesquite as tuel is indi-
cated ar both sites by the small quantity of Prosopsis pollen in a
roasting pit at Site 3b (#1b25) and the identification ot mesquite

charcoal in Feature 34 at Site 37, also a roasting pit. The
remainder ot the pollen at both sites appears to be indicative of
the accumulation of background pollen and cannot be interpreted
relative to economic activities at these sites.

A small quantity of microscopic fibers in the pollen samples
are presently being analyzed. Fibers most comparable to Agave
fibers in sample 625 suggest that agave may have been roasted in
Feature 1U at Site 36.

The macrofloral record from both sites was particularly

unproductive since no charred seeds were recovered. The only
charred remains observed in the flotation samples was a single
Juniperus twig fragment. The presence of a charred juniper twig
suggests that juniper may have been collected from the mountains

to the east of the site for use either as an addiLional fuel
source or perhaps tor exploitation of the berries. Analysis ot
charcoal from six features identified mesquite (Prosopsis) as a
fuei source used regularly at these sites. in addition, an

unidentified dicotyledenous shrub was also used as a fuel.

350

--...I..



CHAI17"1 ER 13

DISCUSSION AND INTERPRETATIONS

In this chapter the results of the foregoing analyses are

synthesized in an attempt to provide interpretations ot the
prei istoric occupations at Keystone Sites 3b and 3/. The nature

or their respective systemic contexts is also examined as a way of
explaining thie observed differences in material contents between

the sites. Simple models are presented for settlement patterns
and mobility strategies which could account tor the differences.

It is suggested that, although similar in function, Sites Jo and

3i were produced in the context of different mobility strategies,

with the former representing a logistic task group camp and tne

Latter a short-term residential base camp.

When combined with the results or the chronological
anaLysis, these interpretatLions hold significant implications

regarding traditional conceptualizations of the local archeolog-
ical sequence. Te implications are presented in terms of the

problems associated with the use of a normative phase sequence.
The three main topics to be considered below are site context
settlement pattern models and cultural systematics.

Site Context

For the purposes of this discussion, site context is taken

to be its role within an overall adaptive strategy (see Binford
1902) as distinct from its function (e.g., agave roasting camp,

tithic quarry, etc.). As discussed in Chapter 3, individual
components ot an adaptive strategy can ideally be expected to

exhibit variability in their artifact inventories and locations
which reflect their resource procurement function. In addition,

variability in artifact and feature contents among sites can also
be expected to reflect their systemic context, or rote relative to

other components in the same adaptive strategy. Site function and
site context are not viewed as identical concepts.

It has been ,irgued above that Sites jo and 37 both represent

similar site functions. Large fire-cracked rock features are
prominent aspects Gf both sites, and various lines of evidence
suggest that they functioned as roasting facilities tot- the
processing of lear succulents. The teatures resemble ethnographic
Woxamples of agave ovens, and some have yielded remains ot Vlar

succulents. The sites containing such teatures are Located
genera i y in the zones which produce teal succulents, ana intra-

site distributional patterns support a specialized, perhaps
communal, use of the features. It is sate to conctude Lthi_ 1it
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least a major portion O the function of born Si LLS IV LVed the
procurement and processing of plant resources os agave.
Nevertneiess, the sites differ on a number Of dtii s rCL -rtng to
their feature inventories, degree of intrasitc Ji-scribtional
patterning and the relative trequency ot arit -, Lvp es. 'the

differences suggest that, in spite of theirglntrtiL SiilariLy,
Sites j6 and 3/ may have articulated diit,,c-ttv witol their
respective overal adaptive strategies.

S1ites 0 and s/ are also generally compir iol c in t.rms of

gross site typology. Certainly they would be ci-ssiiiil, 44milarly
in the context at most archeological survys; both were
tentatively reported as short-term procurement camps tk'Laughiin
19(u:24/-249). During previous studies in the narby TIularosa

Basin, a series of traits were identified which can . be exoeC ted to
reflect prehistoric occupations of diftering aurti 'n Tion r:i-ihaei
[983a, 196b). A basic distinction can be drawn netwen 1o1g-ter1m
niabli:Cition sites (i.e., villages, long-ter m bas,, camps, CtL.) rd
vario-s types of shorter duration campsites. it was snuggested
thaft long-term residences should be characteriz~t 1 be s,:a or al

of the folLowing: formalized trash disposal Icdin: to the
accumulation of a midden, greater variety ii-! qi,,t- tv at
ceramics, greater variety of artiract types, larger dwelling sizes
atni greater numbers of storage leatures Carmicnaut ib I ,
[963b:Iu1-102, Ill). It was also predictLed that Icng-term
residences will generally De winter sites locited ill th,_ proximity
of reliable water supplies while the sites dispersd thlroughout
the desert basins will likely represent sumMCr OcCupations
(ibid.:152-16U; Carmichael 1983c).

These charact,_ristics serve to di, tin nis lung-term
habitation sites from shorter term, limited ici,i ty sites.
Again, using these criteria, Sites ib and i b)th -al I i be
identitied as short-term procurement camps WiLhin tic same
adaptive strategy. As such they can be seen as ti risult of
occupations by relatively small and mobile grokp-;. NUvlt'iioess,
tie persistent, albeit subtle, differences be:tween Lll, sites
suggest the existence of corresponding differenccs in their
deposition. [t is suggested that difrerent typcs at monitity
patterns can account for the observed differences hetween )i tes 36
and 3 i

Bintord ( 1960) idenLities two ditfer ,n1 L Lt ' - l m nt
ex pec table in the cont ex t a t h un t e r-ga t It p, ti 1,)Tn s
residential mobility and logistic mobility. lx i(, iil mfmil ityV

is seen as characteristic of foraging strategi(. whir eie camps
're p~eriodicalLy movcd to faciiitaCe the expioi t oi ! -. , ic

r esources. Logistic mobility is the type ,. t xl I oc-ii ted
with th,_ use at snort-term procurement ca pl-l i V.i -'s : T Iid thk

t o rag ing radius of a base camp. Even it tw, si ,'s ;111' lcaLtel
wi th respc t to the S;mIl e S L o t reso urc tC-: LS LI It i I e
distinguishable on t he basis of the type o 1-hi tv t tt rn
,L'tlected lin their remains. As notted in the ai, , -- ii itil 0a., 0T tr
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a.

3, the differences are expected to be related to length of

occupation and the degree of functional and spatial redundancy

among multiple occupations.

Duration of Occupation

The hypotheses discussed in Chapter 3 have been tested using

data on artifact assemblage variability and intrasite

distributional patterns. While not all of the hypotheses are

confirmed, the most elementary results, relating to Hypotheses 2,

6 and 7, suggest that Sites ib and 31 do represent occupations of

differing duration, intensity and redundancy.

One of the main differences between the sites is the

presence of house structures at Site j7 but not at 36. If tne
presence ot structures were accepted as evidence for greater labor

investment, it follows that they will more likely occur in the

context ot a longer occupation. As noted in Chapter 8, the Site

31 structures are the most ephemeral yet identified in the El Paso
area. On this basis it can be suggested that the relative length

of the occupation at Site 37 is probably greater than at Site 36
but less than most (or all) of the other structural sites listed

in Table 17. The corollary expectation that the variety of
N features will vary directly with the length of occupation

(Hypothesis 6) is also supported.

Some distinctions were also noted between the artifact

assemblages at Sites 36 and 37. It was expected that the relative
homogeneity of the assemblages would vary inversely with the

duration of occupation (Hypothesis I) but the hypothesis was not
confirmed as written. Such variability as exists between the

diversity of assemblages is likely due to the size of tte

collections rather than any significant difference in site

function. What can be suggested with some degree of confidence
tlowever, is that the larger size, and hence, greater variety of

the Site 37 assemblage is indicative of longer term (i.e., more
intensive) occupation. The occurrence of functionally similar but

longer term use of Site 37 accords well with the suggestion that
ditterences between the sites reflect different logistic contexts.

Significant differences in the relative frequencies of some

artifact types were demonstrated (Chapter 9). Site 3b contains

higher proportions of tested cores, hammerstones, anvils and
angular debitage, all indicative of the early stages of core

r eduction. An empnasis on initial reduction also fits the
logistic model. It was argued that these artifact frequencies

could be produced by the occupants of Site 36 collecting and
selecLing raw material nodules for removal to a more permanent

residential base. Raw material distributions support the view
that such selectivity was indeed taking place; Site 1b contains

significantly higher proportions of fine-grained materials.
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Hypotheses J and 5 relate to the intensity of manufacture
and use of formal tools. They predict that long-term occupations
should exhibit lower ratios of tools to debitage and greater
intensity ot utilization and modification. These expectations
were not contirmed by the analysis. The tool to debitagi ratios
are nearly equal, with Site 37 having a slightly higher value
(Site ib, 1:/.7; Site 37, 1:b.4). In addition, the percentage of
utilized artifacts and degree of modification are similar at both
sites. (Chapter 9, Tables 19, 31). It should be noted, however,
that the predictions of these hypotheses are based on comparisons
at the level of :ong-term residence versus short-term camp. Since
both Sites 3b and 37 are interpreted as relatively short-term
camps the similarity between their tooi:debitage ratios is
ex pec table.

The kind of variability predicted by the hypotheses is
demonstrable in a comparison of Keystone 36 and 3/ with other
assemblages reported from the El Paso area (O'Laughlin 196U:221).
The Trans-Mountain Campus sites and Public Free School Land sites
are short-term camps which also have ratios very similar to Sites
36 and 37 (1:5.7 and 1:9 respectively). In contrast, several
sites interpreted as long-term residences exhibit very much
smaller tool to debitage ratios: Keystone 33 (1:17), the Sandy
Bone Site (1:bl) and Three Lakes Pueblo (1:3/). Thus, the
relationship specified by the hypotheses appears to hold. It
merely serves to distinguish short-term from long-term sites

A rather than identifying differences between the two short-term
sites.

Additional support for structural differences between Sites
%Ji 36 and 37 is provided however by a comparison of the intrasite

distributional patterns. It is expected that activity patterning
will be more readily discernible on sites of longer duration
(Hypothesis 7). As was detailed in Chapter II, the expectation is
borne out by the fact that a distinct partitioning of space is
indicated at Site 3/ but not at 36.

Taken together, these results suggest that Site 37 was
occupied for longer periods (or perhaps by larger groups) than
Si te 3b. Also, some of the important activities at Site jh (raw
material procurement) appear to have been reiated more to
anticipated needs at other sites than to the immedia te
requirements of agave processing. This line of drgument tinds
lurt er support in some of the detailed artitact ilalysus.

Artitact Functions

Two main analyses of artifact function ore presented in
Chaipter 9 which also bear on the distinction under consideration
De'tWeen[1 Sites 6 and J/. These are the distrihutions ot edge
angles on utilized flakes and formal tools, and tWl types of
moditication and reduction sequences indicate.d. A very clear
diftference between the sites is documented on the basis of edge
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angle distributions. Site 3/ exhibits a wider range of edge

angles than 3b, supporting the interpretation that a wider range
of activities is indicated at 37. Furthermore, most of the edge
angles at 37 fall into the range associated with light cutting and
light scraping tasks. In contrast, the high edge angles

characteristic of Site 36 most likely reflect an emphasis on heavy
scraping and chopping. It is precisely this type of function
which has been suggested for tasks involved in processing lear
succulents (O'Laughlin 1960). A greater degree ot specialization

toward the processing of succulents appears to be indicated for
Site Jb, with additional general domestic activities also

represented at Site 37.

The assemblages at both sites can be characterized as

primarily expedient in nature. However, subtle differences in the
reduction sequences provide further support for the distinctions
enumerated above. Specifically, Site 36 exhibits a procurement
and reduction sequence which reflects a more logistic mobility
pattern. Local gravels are the main source of raw materials at
both sites, but a greater degree of selectivity for fine-grained

cherts is suggested at Site 36. This observation comes not from
the tool counts as much as from the relatively higher proportions
of tertiary flake debitage and microdebitage. Biface manufacture
and/or finishing is indicated by these proportions but few such
tools were recovered at the site. The most likely explanation for
this is that the resulting bifacial tools (or preforms, cores,

etc.) became part of a curated technology and were removed from
the site. In other words, one aspect of the lithic reduction

sequence involved an embedded procurement (Bintord 1979) of
preferred materials. Debitage produced during reduction of these

materials was deposited at the site but the tools were not.

In contrast, a more complete sequence of manufacture, use

and discard is evidenced at Site 37. This again points to a
greater variety of on-site behaviors associated with a somewhat

longer duration of occupation. The latter pattern is more readily
attributed to a strategy of residential mobility than logistic

mobiLity. Different types of mobility are thus viewed as a useful
way to model settlement patterns which could produce the types of

differences observed between the two sites.

Settlement Models

It had origiially been hoped that it would be possible to
construct some rather explicit settlement models incorporating the
otner excavated sites in the El Paso area in general and at

Keystone Dam in particular. Such an effort has been hampered by
the Lack of contemporaneity among the sites. Keystone 3b and 3/

do not date to the same period as Sites 32, 33 and 34, nor are
they contemporaneous with each other. Site 3t tits readily

enough within the expected range of Mesilla phase sites. Its
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probable role as a short-term specialized procurement camp is
reported from previous work in the El Paso area (Beckes 1977;
Whalen 191Y, 1978; O'Laughlin 1919, 1980; Carmichael 1983a; Hard
1983). Although the nature of the mobility strategy inferred for
Site 3b is of interest, it is better handled as part of the more
general discussion presented below. The bulk of the new
intormation provided by this study comes from the discoveries made
at Site 37.

Keystone 37 does not fit the traditional expectdtions for
ephemeral lithic and ceramic scatters in the El Paso area. The
most significant departure is the evidence for occupation late in
the prehistoric sequence, at about A.D. IIOU-1400 (see Chapter
I1). As discussed earlier, the site dates to the Pueblo period
but cannot be assigned to any of the Pueblo phases on formal
grounds. It is difficult to discuss the settlement pattern
relationships of the site since few other sites have been
excavated which could be suggested as examples of complementary
components within the same adaptive strategy. Some possible
examples are mentioned in the later section on Mobility Strategy
Modeis.

One section of the RFP called for an evaluation of the
usefulness of a catchment analysis approach for interpreting the
function of Sites 36 and 37. An attempt was made to see whether a
catchment approach would be useful in defining the environmental
potential of the site locations involved in this study. The
approach proved to be of little use for several reasons. These
include difficulties inherent in the catchment techniques as well
as characteristics of the behaviors represented at the two sites.

In a critical review of the method of catchment analysis,
Roper (1979) identifies a number of difficulties associated with
the technique. Chief among these is the problem of defining and
justifying the size of the catchment to be studied. Implicit in
the use ot catchments is the assumption that the territory defined
relates in some way to the actual behavior of the site's
occupants. However, most analyses utilize catchments of a
standard size such as a circle of 5 km radius.

The range ot resources observed within the arbitrarily
defined catchment may or may not have been significant in
conditioning prehistoric behavior. The appropriate size of a
catchment for any given site w.il be greatly affected by the type
of mobility strategy within which the site is formed. In general,
it is probably tue case that standard catchment radii
underestimate the distances travelled in the context of logistic
mobility. For example, at Fresnal Shelter in the Sacramento
Mountains northeast ot El Paso, a very direct relation.-hip is
indicated between the long-term base camp in the mountains and
procurement areas in the Tularosa Basin. Indian rice grass
(orizopsis) was apparently collected in some quantity on the basin
tLoor and then transported to the shelter for processing (pirching
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and winnowing) (Human Systems Research 1913; Eidenbach and
Wimberly 1981). The distance over which these activities were
carried out is in excess of lu km. A standard catchment zone
circumscribed around the shelter would not identify rice grass as
a significant resource.

A second major problem arises from the type of site under
investigation. Catchment analysis was originally intended for use
at relatively sedentary, long-term occupation sites, and most
applications of the technique have continued in this vein.
Estimation of the resource potentiai within such catchments refers

essentially to to what Bintord (1962) calls tne foraging radius,
or the area within which daily trips are made. It can be argued
that for site types other than long-term residential bases, the
range of resources availaole may be unimportant.

In the case of logistic camps and short-term base camps
(Bintord 1960; Tartaglia 1960) the distribution of a single target
resource may be the most important factor in site location. In an
analysis of site catchments within a hunting-gathering strategy in
southern California, Tartaglia (1980:189-190) notes that fixed
radii catchment estimates are poor predictors of site density.
The importance of water sources and transport routes appear to
override considerations of catchment productivity as measured by
biomass. He suggests that comparable analytical results could
probably be obtained without the formality imposed by the

catchment zone.

Flannery (19/o) has applied one example of a less formal
approach to catchment analysis in Oaxaca, Mexico. The study was
based on the empirical evidence, provided by botanical analysis,
for the actual range of plants utilized prehistorically. The
results indicated that standard catchment radii would tend to

underestimate the range of resources utilized and the distances
from which they were procured, at long-term residences.
Conversely, logistic camps showed evidence for the use of a
narrower range of species than would be predicted from a standard

5 km radius catchment. This latter situation also appears to be

relevant to tne discussion of Sites 3b and 37.

If a catchment area with a 5 km radius were drawn around
Sites 36 and 31, the resulting circle would extend from the

Franklin Mountains on the east to the edge of the La Mesa surface
west ot the Rio Grande (Figure 1). Nearly half of the area inside

the circle would fall within o'Laughlin's riverine environmental
zone (I d0:1). Und'r the assumptions of catchnent analysis one
would expect riverine resources to have teen important to the%

sLtes' occupants, and to comprise a signiricant portion of the
remains recoverable from the archeological deposits. This
suggestion could not be further away from the actual situation

recorded at the sites.
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There is no clear evidence at Sites 3b or 37 for the

exploitation of riverine resources. Almost all of the botanical

remains can be identified as pertaining to upland environmental

zones. Mesquite is the dominant wood used for fuel, although

juniper is aiso present. As discussed in the context of the old

wood problem, driftwood could be a potential source for either

species. However, if driftwood were being collected (ie., if the

riverine resource zone was being exploited), one could expect an

admixture with riverine species like those utilized at Keystone 31
(cottonwood, tornilio, desert willow and Phragmites).

What appears to be indicated instead is the use or upland

resources in the lower and bajada zones and perhaps the Franklin

Mountain foothills. The resulting catchment area would be

irregular in shape, extending north and south of the sites, east
to the Franklin Mountains, but not west into the river valley.

It is interesting to note that Mescalero Apache procurement

of agave follows a similar pattern. After choosing a location for

the processing ca'mp, an area within approximately 8 km of the site

is searched for suitable plants. The area is not circular;

however, it is confined to the environmental zone within which the

agave are concentrated (Carmichael, unpublished field nores). In

many places this translates into a foraging zone elongated north

to south, with plant distributions restricted in the other

directions by topography. The analogy to the Keystone Dam setting

is clear.

in short, it can be argued that standardized circular

catchments are not relevant for the analysis of exploitative

patterns relative to limited activity sites. By definition, the

sites are oriented with respect to a single primary resource,
rather than the range of resources available within a catchment.

Mobility Strategy Models

It has been argued that Sites 36 and 31 are both relatively

short-term camps located at least in part for procuring and

processing leaf succulents. As such they are only one component

of an adaptive strategy. Differences in their respective systemic

context can be modeled in order to explain the observed
differences in the archeological remains. Site 36 is best

interpreted as a short-term logistic (or task group) camp and Site

37 is inferred to represent a short-term base camp. Schematic

diagrams of their hypothetical systemic contexts ore presented in

Figure 69. The similar pl.acement of Sites 36 and 37 within Figure

b9a and b is intended to emphasize the fact that similar resources

in similar locations could be exploited differently in the context %
ot differing mobility strategies.
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Site '36 is suggested to be an example of a logistic camp. In
other words, it would be ancillary to a long-term residence but

would occur beyond the daily foraging radius of that site.

Occupations could be expected by task groups, or specialized

segments of the population resident at the long-term residential

base. Possible analogues for the longer term sites would include

Mesilla phase pithouse sites suchas Los Tulesor the Roth Site,

and several such bases might be involved in an annual round. The

use ot Site 3b would be for short periods of time (perhaps only

days), and periodic reoccupations would tend to obscure any intra-
site patterns. The short durationof occupation, smailer group

size and more specialized function are indicated by the lower
numbers of artifacts, lack of residential structures, smaller

variety of edge angles and emphasis on lithic raw material

sel ec tio n.

Site 37 was apparently located with the same general

function in mind, namely the procurement of leaf succulents. It
is also viewed as one type of limited activity site, in contrast

to longer term sites in the area such as Keystone 33. The

ditterences between Sites 3b and J7 can be accounted for if Site

37 is modeled as originating within a different mobility strategy.
The site is suggested as an example of a short-term residential

base camp within a strategy of high residential mobility.

Within such a strategy short-term base camps would be

occupied by a small but diverse population (ie., families rather
than specialized taskgroups). The more diverse compositionof

thegroups, as well as a somewhat longer duration of occupation
are seen as the source for the greater variability among edge

angles and lithic artifact densities. A higher incidence of on-
site processing and maintenance activities could be expected at a

base camp and would account for the deposition of greater

percentages of waste flakes and less specialized core reduction.

The duration of occupation would still be short as compared
to sites like Keystone 3j; in the case of agave processing,

perhaps a stay of days to weeks would be a reasonable
expectation. Other hypothetical sites representing different

functional components (Figure 69) could exhibit quite variable
durations depending on the nature of the resources exploited. The

site was reoccupied with a high degree of redundancy in both
function and internal structuring of activities. This could

suggest a tightly organized logistic system (Binford 1982). It

is unknown whether the sequence of occupations depicted in the

model diagram would be tied into a longer term residence at some
point. As shown, the high residential mobility follows a point-

to-point pattern (Binford 1980) without the use of a (semi-)

sedent~ry base. The addition of home bases to the diagram would

produce a model like Biella and Chapman's Model 11 (1980:36) in

which a long-term residence is occupied only seasonally with most

resources being exploited through high residential mobility durir
other times ot the year. Given the short duration interred for
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KEYSTONE 38

I ~ SHORT TERM
LONG TERM TASK GROUP

RESIDENTIAL BASE CAMP

K FORAGI1NG /
RADIUS

Al

I KEYSTONE 37

SHORT TERM
RESIDENTIAL

FORAGING BASE CAMPS
RADII

FIGURE 69: Hypothetical mobility patterns related to Keystone Sites 36 and 37.
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Site j/, the latter model seems more likely but conclusive testing

will have to await the investigation of additional sites

representing other components of the local adaptive strategies.

Reldtively few archeological sites in the El Paso region have

been adequately excavated and dated. Even fewer exhibit the

formal, temporal and distributional characteristics which would

allow them to be modeled as components complementary to Site J/ in

a mobile strategy. However, there is enough information available

on hunter-gatherer settlement patterns to support some tentative

predictions for additional components. Virtually all the

av ailable evidence on hunter-gatherers in the southern Southwest

points to the importance of upland resources and settlements to

the overall adaptive strategy. With this observation as a base-

line, it is suggested that strategies of high residential mobility

in the southern Jornada will be largely, or mostly, upland

strategies (see also, Wimberly 1979).

Prior to the reservation period, local Indian settlements

were not confined to the mountain zones as they have been for the

past lOU years. Nevertheless, a variety of ethnographic accounts

of the Apache (e.g., Whiting 1849; Basehart 1974) record the

importance of seasonal movement between the lowlands and uplands.

These two areas contain the major permanent water sources which
nave probably structured the settlement patterns of all mobile

groups in the region. In the El Paso area, Apache settlement
involved the use of winter base camps along the Rio Grande, with

summer encampments in the Organ, Sacramento or Guadalupe

Ho un La ins.

Upland site locations were also important during the Archaic

period. Norman Whalen (1971) notes that Cochise sites are larger

and more numerous in the lower mountains and foothilis in

southeastern Arizona. A similar situation is suggested by survey
data near the Franklin and Organ Mountains at Fort Bliss

(Carmichael 1983b). Recent work at the mouth of Rhodes Canyon in

tne San Andres Mountains also identified substantial preceramic

occupations (Eidenbach 1983) in the lower mountain zone. Higher

mountain elevations are well known locally for their rock shelters

and extensive hunting camps. In the southern Jornada, such sites

are poorly reported but examples are provided by Fresnal Shelter

,HSR 1973; Carmichael 1982) and the series of camps in Caballero

Uanyon (Southward 19/6) on the west face of the Sacramento

Mountains. it is noteworthy that several studies have recorded

the juxtaposition ( t Archaic and Apache sites in upland areas

(Southward 1978; Eidenbach 1983), supporting the generality of the

[Xtern tor hunter-gatherers.

Earlier views notwithstanding, it isbecoming more widely

acknowledged that the Mesilla phase also represents a hunter- h
gather adaptive pattern (O'Laughlin 196U; CarmichaeL 1963a; Hard

1 9 ). During an intensive survey ot the southern Tularosa Basin,
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it was found that the larger Mesilla sites occur in the upper
alluvial fans near the Organ Mountains (Carmichael l9b~a). The
largest pithouse villages, such as the Hatchet Site, in the basin
have been recorded at even higher elevations, in the mouths of
cmyons issuing from the Sacramentos (Marshall 19/3; Beckes 19//).

The occurrence of villages in mountain canyons has also been
reported for the Hueco Mountains (Betancourt 19i) and the pattern

is very likely a general one throughout the region. Long-- term
residential sites, such as those near Maynill in the southeastern

Sacramentos, have long been known to occur in major drainages.
This pattern remains rather poorly studied in the the southern

Jornada, but a pithouse site near Mescalero (Del Bene and Rorax
1964) is a recently excavated example.

Although all the above sites are analogous to components that
could be associated with Site 37, none are from the appropriate
time range. The only local site which appears contemporaneous
with Site 3/ is PeVa Blanca in the southern Organ Mountains.

After several years' excavation by the NMSU Field School,
preliminary indications are that a series of shelters in the low

mountains served as late summer/early fall camps (Steadman Upham,
personal communication). Despite its similarity to Archaic
settlement patterns and the presence of Archaic-style dart points,
Pe na Blanca has been dated to the A.D. 1000-1 3UO range (Appendix
3d). While one or two sites certainly do not define a settlement
pattern, it appears that some aspects of a late Formative hunting-

gathering strategy may already have been documented. The main
problem at present would appear to be the issue of archeological
visibility, since both Pea Blanca and Site 37 resemble late
Archaic and early Formative sites.

Note that while lowland riverine sites were a major component

of Archaic mobility patterns (O'Laughlin 1980) the same settlement
options may not have been available to post-A.D. 10O groups. If
portions of the Rio Grande Valley were periodically devoid of
farming populations, riverine areas would be readily available

within mobile strategies. At any point when this was not the
case, it seems likely that some displacement would be involved.

That is, the greater the area of the river valley exploited by
sedentary farming strategies, the more likely that mobile hunting
strategies would be displaced into upland settings. Thus, upland
site Locations may have become even more important, for certain

strategies, after the Archaic period. Other local areas which
should be investigated for evidence of late high mobi ity

strategies include Soledad Canyon in the Organ Mountains, thL<

Sierra Juarez and the East Potrillo Mountains.

One further point should be made regarding the potential for
additional archeological variability produced as a result 01

seasonal changes in mobility strategies. Biella and Ch.iprnan
(19bU: Figure 2) model a point-to-point pattern of high

residential mobility as if it were a consistent strat eg y
throughout the yearly round. However, the use ot one Mobilitv
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strategy does not preciude the use of a difterelt strategy during
a different season. For example, a pattern of high logistical
mobility might be used during the dry season when water resources
are more localized, with a complementary pattern of high
residentiaL mobility characteristic of the moist season GLee 19b6;

Binford 1962). Hard (1984) has suggested precisely this type of
variability for tne locai Mesilla phase settlement J. ttern.

At present it is not possible to determine the season of
occupation for Keystone 3o and 3/ with any degree of confidence.
However, it is possible to mention some possibilities which have
been modeled for similar settings witnin Archaic and Mesilia phase
strategies. Laumbach (1982) recently investigated an Archaic camp
(NMSU 8U6) located just east of Las Cruces, New Mexico, in a
bajada setting similar to that found in the Keystone area. He
suggests that the site would have been repeatedly occupied
primarily during the late fall, winter and early spring. Mesquite,
saltbush and grass seeds are suggested as the targeted resources
and the site is modeled as a logistic camp ancillary to a long
term residential base located along the Rio Grande. Such an
interpretation does not fit our view of Site 37, but a similar
pattern may be appropriate for Site 3b. however, NMSU 8%6 lacks
any evidence of large roasting features, suggesting that a
difterent set of resources, and quite possibly, a different season
of occupation characterized use of the two areas. It should be
noted that although favored during some seasons more than others,
agave was available to, and used by, aboriginal populations during
all times of the year.

Previous work in the southern Jornada has suggested that
large portions of the landscape were identified as broadly
homogeneous resource zones and were exploited primarily through
the use of short-term camps (Carmichael 1983b). Examples of such
resource zones would include the desert basin floor, probably used
for grasses, and the bajadas and mountain foothills where
concentrations ot leaf succulents would be available (Applegarth
1976; Katz and Katz 1981; Carmichael 1981). Hard (1984) has
suggested that within the local Mesilla phase a pattern of high
residential mobility characterized the summer occupation of such
resource zones.

Although it is not possible to demonstrate that. either ot
the Keystone sites were in fact summer occupations, there is some
evidence at Site J/ to support that view. Recall that the
structuresat the site contained few artifacts and no evidence
for internai hearths, indicating that most of the activities were
accomplished outdoors. That the structures' hearths were not
required for warmth accords with, but does not demonstrate, a
pttern of warm season occupation.

Referring back to the diagram, the two models are thus not
viewed as stable yearly strategies. Site 36 could rvpresent one
segment of severai ditrerent yearly or seasonal strategies. All
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that can be suggested is that the camp was ancillary to another
site which was to some (undetermined) extent larger and more
permanent.

Site 37 could also represent several difterent segments cr
mobility strategy. it could be part of a yearly pattern of point-
to-point mobility or one of several short-term base camps related
to one or more long-term residences occupied only seasonally.
Although the latter pattern seems more likely, other possibilities
cannot yet be ruled out. What can be suggested is that the sirE
indicates a different systemic context than Keystone 36. Sit ),

reflects occupation by a somewhat larger and more diverse group,
for a lorger period ot time, tnan is suggested by Site 3o.

Cultural Systematics

One ot the most significant results of this study is the
identitication of Site 37 as a product of high levels or
residential mobility late in tne local archeological sequence.

The mobility pattern attributed to the site is not unusual; it is
often attributed to Archaic and early Formative period sites in
the Southwest. What is unusual is that the site is securely dated
to the Pueblo period. The most likely occupation at Keystone 37
is within the range of A.D. 1100-1400 (see Chapter 11).
Nevertheless, none of the structural or artifactual remains
recovered at the site can be used to assign Site 37 to either of
the local Pueblo phases. The difficulties encountered in trying
to identity the cultural systematics of the site provide a classic
example of the problems associated with the use of normative phase
fr arne wor ks.

The normative characteristics of phase frameworks have
already been discussed in Chapter 3, but the main points are
reviewed here. Phase definitions are usually based on the series
of traits identified at the larger and more visible sites in a
region. Small lithic and ceramic scatters can be difficult to
interpret within such a scheme since they often lack the Key
attributes necessary to identity phase affiliation. The,
developmental sequence implied by most phase frameworks also
assumes a homogeneity of material culture for an area at a giver
time period (Plog 1983:290, 311). All sites in the region an-,
assumed to be relevant to the developmental trajectory detin.A r'

the sequence of phases at the larger sites. Finally, piais
sequences usuailly imply that directional culture change is shairkiiby ail inhabitants of a region (Cordell et al. 1983).

Recent work by Adams (1980) and Stuart and Gauthier (19,
recognizes the possibility that more than one adaptive striLuyV
may have contributed to the archeological record, even within ti,
sane region. Cultural succession is viewed as the result ot th,
interaction between two dichotomous evolutionary poses or jalpt JV
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strategies, referred to as stable and resilient strategies (or
power and efficiency in Adams' terms). Stable poses are
characterized by high rates of population growth and high rates of
productivity and energy expenditure within an intensive adaptation
(Stuart and Gauthier 1981:10). Resilient poses exhibit more stable
levels of population and energy expenditure and are directed
toward the maintenance of hemeostasis through the use of a
generalized, extensive adaptation.

Although most cultural systems probably fall somewhere in
between the extremes, local variability can be produced by at
least two conditions. First, one must allow for the possibility
that a system whichis in a stable strategyat one point in time
can oscillate toward the resilient pose during another period
(e.g., Cordell and Plog 1979). Second, one must accept the
potential for stable and resilient strategies to coexist atany
time after the development of intensive sedentary strategies
(Wimberly 1979; Plog 1983; Cordell et al. 1963).

The sites used to define phase sequences will most likely be
those representing the remains of stable strategies while the
remainder of the archeological record could pertain to both types
of strategies. In areas where both stable and resilient strategies
were present, either contemporaneously or sequentially, the more
visible remains of the stable pose are likely to be emptasized at
the expense of the resilient pattern. This is probably the reason
that Apache occupations of the southern Jornada region remain
largely invisible archeologically, and the argument applies to
sites like Keystone 37 as well.

Prior to the initiation of the chronological analyses
discussed in Chapter 11, Site 37 was interpreted as a late Archaic
or early Formative campsite. The assignment was made primarily on
the basis of the general formal characteristics evident in the
surface scatter; it was readily acceptable in light of the
traditional conceptualization that strategies of high residential
mobility occur early in the prehistoric sequence. The late dates
obtained from Site 37 require a reassessment of these traditional
expectations. The evidence for residential mobility, noted above,
and the lack of materials which can be identified as Puebloan
suggest that the site was produced bya different strategy than
the one characterizing the sites upon which the phase sequence is
based.

There are several potential explanations for the general
contemporaneity of different mobility strategies. The reader is U

reminded that the term strategy is employed with the explicit
intent to avoid ethnic connotations. While different strategies
could reflect ditferent ethnic groups there are several possible
explanations for variable strategies. First, a late mobile
foraging strategy could be a previously unreported component o -t
the local Pueblo-based strategy. This would imply a greater
amount of variability within the strategy than has been identified
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to date. Indeed, the problem of identifying such sites as part of

a Pueblo system would remain unresolved. Second, a high mobility
strategy could periodically be adopted by some groups in lieu of a
Pueblo-based strategy. In other words, high levels of residential
mobility could indicate an oscillation in the direction of a
resilient pose. third, a highly mobile strategy could have
coexisted in time and space with a more sedentary strategy. The
cooccurrence of intensive and extensive (i.e., farming and
gathering) strategies is commonly reported in the ethnographic
literature but archeologists have been slow to address the
potential effects of such a situation on the prehistoric record.
Finally, the late occurrence of resilient strategies could
represent the influx of different ethnic groups such as early
Manso or some other mobile population.

It is not clear that present archeological methods and theory

can settle the issue of ethnicity, especially among low visibility
material remains. The matter of ethnicity is not yet the main
issue, however. The point is that, through one or more of the
above scenarios, resilient strategies were in operation in the

southern Jornada. They have been poorly reported for a variety of
reasons, including prominently the expectations derived from
traditional systematics. The first necessary step is to
recognize, as Mobley (1979) has for the Upper Pecos River
drainage, that Archaic-like adaptive strategies and technologies
need not be confined to the Archaic period. Similar remains can
be expected tobe produced by strategies with similar levels of
residential mobility regardless of their age. An awareness of
this possibility will not only enhance our understanding of late
mobile adaptations but will bring a more critical perspective to
the way relationships between villages and campsites have
traditionally been modeled.

Summary and Conclusions

This report has presented the results of archeological
excavations at Keystone Sites 36 and 37 on the wept side of El
Paso, Texas. Mitigation was required because of the anticipated
destruction of the sites during construction of a flood diversion
channel in connection with the Keystone Dam. The fieldwork was
accomplished by crews from New Mexico State University between

December, 1983 and March, 1984. A variety of significant
Isubstantive, methodological and theoretical findings qave resulted

from this study.

The preservationof features and the overall integrityot
the site was better than had been expected and the resulting
analyses have been more informative than is generally anticipated
for ephemeral sites. A variety of excavation techniques were
employed during the investigation, including judgmentally and
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randomly selected hand excavation units, two phases of backhoe
trenchirg and mechanical horizontal scrapirg of large areas of the
si tes. All the techniques played an important role in the
recovery of useful data, but the use of backhoe trenches was
especially critical since the residential structures discovered at
Site 37 were first located by this method.

The structures are generally similar to features recorded on
a number of southern Jornada sites, except that they are smaller
and exhibit no evidence of burning. As a result they yield very
subtle archeological manifestations which are very difficult to
detect in standard horizontal excavation units. These kinds of
features have very likely gone unrecognized in the past and
further systematic use of backhoe sampling promises to disclose
more examples in the future.

In Chapter 5 the topographic setting of the sites under
investigation was discussed. It was possible to identify specific
characteristics of the soils and clast lithologies associated with
different geomorphic surfaces which appear to have been important
to prehistoric occupants of the sites. The distinctiveness of the
patterning should allow researchers to extrapolate the
settlement/land use patterns identified at Keystone for a
considerable distance upstream alorg the Rio Grande Valley.

The function of fire-cracked rock features was examined and,
in accordance with previous investigators, the group of larger
features is interpreted as representing specialized roasting
facilities for processing leaf succulents. It is not felt that
the small hearths are functional equivalents of the large
features. Rather, the small fire-cracked rock features are most
likely the result of small, general purpose, domestic hearths.
This view is supported by distinct differences in distributional
patterning and artifact associations between the two groups at
Site 3 7.

Both sites are interpreted as relatively short-term
occupations with similar f unct ions. However, several aspects of
the artifact analysis and spatial analysis indicate the likelihood
of contextual differences between the sites. Site 36 evidences a
more selective use of iithic raw material types, and evidence for
a more logistically organized reduction strategy. It is

interpreted as avery short-term, special function procurement
c amp. Site 37 has evidence for a wider range of activities andthe distribution of features and artifacts indicates significant
partitioning of intrasite space. The site is viewed as being the
remains of a multicomponent short-term base camp.

The chronological analyses are very significant for several

reasons. A new technique of obsidian hydration dating was
successfully applied to two sites which traditionally would not
data from Keystone Sites 36 and 37 provide a classic example of
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the old wood problem. It is predicted that old wood dates will
cause difficulties for archeologists in southern New Mexico, as
well as in the Hohokam area where the problem was originally
identified. The problem can be expected to be most evident at
agave roasting camps and other upland sites where large amounts of
firewood would have been required.

Botanical analyses yielded little information regarding
economic activities at the sites. Perhaps the most interesting
methodological result is the fact that the use of a non-
destructive extraction technique made it possible to recover
pollen from most soil samples. This is in marked contrast to the
levels of success achieved by most previous investigators in the
El Paso area.

Sites 36 and 37 are modeled as having been produced in the
context of different mobility patterns. Site 37 is interpreted as
an example of a short-term base camp reflecting high levels of
residential mobility. This possibility is all the more
provocative given the late dates obtained from the site. High
levels of residential mobility have not generally been attributed
to the pueblo-based systems identified in the Jornada area after
A.L 1100. The results of the present study provide strong
evidence for ageneralized, highly mobile strategy operating at
roughly the same time as the Pueblo occupations which have
traditionally been viewed as typical of the southern Jornada area.
Great potential exists for further investigation of small
ephemeral sites and a reassessment of traditional models of
cultural systematics and culture change.
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APPENDIX I

Soil Analyses

A. Soil Sample Particle Size Analysis

B. Soil Phosphorous Content Analysis
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SO IL , WATER, (,ND)I'~NF rs1 NO LABOURATORY

NEW MEXICO STATE UNIVERSITY
LAS CRUCES, NVWM IiLXILCO F8003

Dr. D~avidl Larmichael
CHH~D K.ent HallI

E.oi I I arva I ys i s (Lab #6506-6602),

ff

sdrnp Ie CaCO3 vU C, 1 F VF

J1W 100 1.5 0 .76) 12. 09 66. 26 14 .33
10 1 2.9 1.25 4.3 15B I . 93 56.47 15.01
1 U -1 7..2 6.34 4.45 16.06 47. 79 15.61
10. 7.0 3. 34 5.70 19.32 49.01 14.74

[04 2.7 2.2 7. 162 56.70 11.69

[L 01 4.4 1.54 .20 1,5. 86 56.67 Ill./I
106 12. 6 0.76 211 1..12 11.49 E3.50
108 2. 1.24 0.1110 18. 61 66. 26 b. 92
109 0.3 0.40 1. 6' 21. 27 64. /i I 0. 53-
I1IV 4. -3 10.05 1 .9 1.:. 5. 89 56.46 9.41

4.4 0.43, 1.61. 17. 117 65.65 8.37
0.7 0.42 1.63 12.4 63.95 14.10
:6 1.16 1.09 10. 8 5. 26 13.453

130. 0 1.983 1.75 9. 7 56.17 19.30i
12 4 11.7 0.64 1.71 9. 40 5:3.63 20.60

12 10.4 0.5 1.40 9 154. 6- 18
126 11.4 0.40 1.4Z9 9 .0 54.12 2.3

Total
sampe 1,o 8and Silit clay T e , tU r e

JW 100 95. 4'- 0 .8 a- 3. 72 FINE SAND
101 93. 04 1.75 5. 22 FINE SANT)
102 90. 26 5.51 4. 2': SAND

13 912. 19 3. 60.1 SAND
104 92.613 2.55 4.8t FIE:JL SAND
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Total
iamup1I e Sand Sil1t. Cl .1v T e;,tUr e

105, 9,2. 11' a4r '-. 1. : 1r*HuE SAND
I W.) 93 B 32. 06 4 1. 96 CLI

100k 94. 6-3 2. 04 4 F 11NE SAND
I Ot 96.1,5 0. 01 264 FAINE SAND

I LI 9.7 4 0.94 ~ j2 FINE~ SAND
I9--393 1.49 4.'-B FINE SAND

1 21 9244 1. 1 -) 6 .42 F INE SAND
Bt,. 14 1. 42 1.4 4 LOAMY FINE SAND
BEL 3.57 1.84 9. -J9 LOAMY FINE SAND

I' -4 36. 18 2. 05 11.77/ LOAMY FINE SAND
13;80. 19 3.1 .70 LOAMY FINE SAND

126 07. 04 1.61 1L02tf C.AM FIEZA
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SOIL, WATER, AND PLANT TESTING LABORATORY
BOX 3Q

NEW MEXICO STATE UNIVERSITY
LAS CRUCES, NEW MEXICO 88003

July 19, 1984

Dr. David Carmichael
CRMD
Kent Hall
Box 5700

Soil analysis for k and P (Lab #6974-6984)

-------ppm-----
NaHC03 NH4DAc

Sample P K

KS36 2.5 45.0
28N 12
S.V. 7
F 8 Level 2
1-13-84
J.C. Tor, JE
Sp #389

KS 36 2.2 43.0
20S 14E
Level 1B Bottom
inside F7
1-23-84
HH,LM,TG
Sp #484

KS 36 2.8 54.7
42S OE
Level IC (SV 14,15)
2-2-84
HH,TG,VZ
Sp #688

F-10

KS 37 2.2 62.620S 4W

S.O.G. inside F.1
1-24-84
Je,Jc,Es,MM
Sp #1021, level 2
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---PPM-----
NaHCO3 NH4DAc

Sample P K

KS 36 2.2 84.1
1S 26W
Level 4
outside F.18
2- 13-84
T.G., T.S.
Sp #1442
J3-10

KS 36 1.9 70.4
2S 24W
level 2
inside F.15
2-9-84
TM ,R Y
Sp #1453

KS 37 3.1 78.2
2N 8E
outside F.25
level 1
2-21-84
VC,SO,RY
Sp #3234
J-11

KS 37 2.2 43.0
475 1E
level 3
inside F.2
2-9-84
WH
Sp #3283

KS 37 1.9 43.0
4S 29W
F.22
level 4 (fill B)
Sp #3316
2-7-84
JC ,MM, ES

KS 37 2.8 56.7
18S 12E
F.34
T-17
level 4
2-29-84
JE
Sp #3333
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-ppm-
NaHC03 NH4DAc

Sample P K

KS 37 1.9 33.2
2S 21W
T-3/F-23
SV 9
level 3
Sp #3337
2-14-84

0.0
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APPENDIX I

Lithic Analysis

A. Catalog of Artifacts, Keystone Sites 36 and 37

B. Lithic Computer Coding Information -

C. Distributions of Raw Material Varieties in the Keystone
Site 36 and Site 37 Lithic Assemblages

D. Descriptions and Computer Codes of Lithic Raw Materials
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Catalog of Artifacts

Keystone Site 36

The following listings include all artifacts recovered
during the surface collections and excavations undertaken at
Keystone Site 36. Each row listing includes the catalog number

of the artifact (specimen number), an abbreviated description of
the artifact, and the number of specimens. Also included are the
excavation quad and subunit proveniences.

The abbreviated descriptions of the artifacts are defined
below:

flk 1 primary flaake

flk 2 secondary flake
flk 3 tertiary flake
ut flk (1,2,3) utilized flake (primary, secondary, etc)
test peb tested pebble
core core
hs hammerstone

deb angular debitage
drill drill
scraper scraper (includes all types)
pestle pestle
nonart noncultural lithic specimen

point projectile point
biface biface
obsidian obsidian artifact or untested pebble
fcr fire-cracked rock
ceram ceramic

ut chunk utilized chunk
chopper chopper
mano mano
metate metate
gs groundstone (mano, metate, other')
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

I flk 2 1 50 core 1

2 obsidian 1 51 flk 2 1

3 flk 2 1 52 flk 2
1 deb 1 52 flk 1

5 flk 2 1 53 core I

5 flk 3 1 54 flk3 
6 hs 1 55 deb 1

7 f1k 3 1 56 core 1

8 ut flk j 1 57 flk3 1

9 flk I 1 58 ut flk2 1

10 chopper 1 59 hs 1

11 deb 1 60 flk2 1

12 test peb 1 61 ut flk I 1

core 1 62 ut flk 1 1

14 test peb 1 63 flk 1 1

15 deb 1 64 flk2 1

16 deb 1 65 core 1

it flk 2 1 66 flk 1

18 hs 1 67 flk 1

I') core 1 67 flk2 1

20 flk 3 1 68 flk2 1
21 deb 1 69 core 1

22 flk 1 1 70 ut flk 11

23 test peb 1 71 flk 1 1

flk 3 1 '(2 flk 1

25 hs 2 73 core 2

26 ut flk 3 1 74 deb 1

21 flk 3 1 75 test peb 2

28 flk 2 1 76 flk 2 1

29 flk 1 1 77 flk 2 1

30 flk 2 1 78 flk 2

31 deb 1 79 flk I 1

32 flk 2 1 80 core 1

32 flk 2 1 81 ut fik 2 1

33 flk 3 1 82 obsidian I

34 ut flk 3 1 83 flk 2 1

35 ut flk 2 1 84 flk 2 1
36 flk 2 1 85 flk 2 1

37 flk 1 1 86 core I

33 flk 2 1 87 core 1 .>

39 flk 3 1 88 flk 2 1
40 chopper 1 89 ut chunk I

41 chopper 1 90 flk 2 1

42 flk 2 1 91 flk 2 1

4j core 1 92 flk 2 1
1414 fUk 2 1 93 flk 2 1
45 fik 1 1 94 flk 2 1 %

46 core 1 95 core I

47 flk 1 1 96 core 1
143 fik 2 1 97 flk 1 1

49 deb 1 98 flk 3 1
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CArNd [I'EM (JNAO :U IJBUNIT I QTY CAT. NO I'& El QIJ AD J B'J N F q rf

l9 I'k 1 1 150 deb

11 ,orc 1 151 fik I 1

f01 Ilk 1 152 test peb

.' lK 3 1 153 dub

103 'lZk 2 1 154 deb 1

104 Ilk 1 1 155 test peb 1

I15 fIk 2 1 156 test peb 1
lI0 J~ k 2 1 157 fik 2 1

104 1 lk 1 1 158 fZk 1 1 I

106 uL fZk 2 1 159 fik 2 1

11C ut flk 3 1 160 fIk 1 1

110 Ut flk 2 1 161 core 1
111 deb 1 162 deb I

1 12 fZk 2 1 163 core l

IlJ core 1 Ib4 ceram 1

11 deb 1 165 fK 2 1

115 flk 1 1 166 core 1

lit) scraper 1 167 flk 2 1

1 I[ flk 2 1 168 deb 1
lid fik 2 1 169 core 1

119 fik 1 1 170 hs 1

120 cure 1 171 fk2 1

121 deb 1 171 fk2 1

122 flk 2 1 172 core 1

123 core 1 173 flk 2 1
124 core 1 173 flk 2 1
125 fZk 2 1 174 test peb 1

126 flk 1 1 175 fik 2 1

127 gs 1 176 nonart 1
12 fik 3 1 177 test peb 1
129 test peb 2 178 core 1

IJO test peb 1 179 hs 1

I1I test peb 1 180 hs 1

152 obsidian 1 181 fik 1 1 "

133 ut fik 2 1 182 deb 1

134 fik 2 1 183 deb 1

135 fIk 2 1 184 hs 1
136 core 1 185 fk2 1

137 deb 1 186 hs i

138 test peb 1 187 fik 2 1
139 fik 3 1 188 nonart 1

140 fik 2 1 189 core I -

141 deb 1 190 core 1

142 hs 1 191 flk 2 1

143 deb 1 192 ut fik 2 1

144 fik 2 1 193 core 2

145 hs 1 194 ut fik 2

146 nonart 1 194 ut fik 2 1

147 fik 2 1 195 ceram 1

148 fik 2 1 196 fik 1 1

14 fik 2 1 197 test peb 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

198 flk 2 1 249 ut flk2 1
199 ut flk 2 1 250 ut fiK 2 1

2010 flk 2 1 251 flk3 1

201 hs 1 252 hs 1

202 flk 2 1 253 scraper 1

203 flk 1 254 ut flk2 1

204 core 1 255 scraper
205 test peb 1 256 flk 3 1

2o6 flk 2 1 257 scraper 1

201 ut flk 1 1 258 ut flk 1 1

208 flk 1 1 259 hs 1

209 fik 1 1 260 nonart 1

210 core 1 261 flk2 1
211 hs 1 262 core 1

212 core 1 263 ut flk 3 1

213 fik 1 1 264 flk 2 1

214 flk 2 1 265 ut flk 2 1
215 glass 1 266 core 1

216 core I 267 flk 3 1

217 ut flk 2 1 268 test peb 1

218 ut flk 2 1 269 ut flk 2 1
219 pestle 1 270 core 1

220 ut core 1 211 flk 2 1

221 test peb 1 272 ut flk I .

222 core 1 273 test peb 1
2 2j ut flk 3 1 274 flk2 1

224 [1k 3 1 275 flk2 

225 anvil 1 276 test peb 1

22b flk 2 1 277 test peb 1

227 flk 3 1 278 flk 2 1

228 nonart 1 279 test peb 1

229 core 1 280 flk I 1

230 ut flk 2 1 281 nonart 1

231 ut flk 2 1 282 flk 2 1

232 hs 1 283 core 1

233 test peb 1 284 flk 2 1

234 ut [lk 2 1 285 test peb 1

235 ut flk 3 1 286 flk2 1

2j6 nonart 1 287 ut flk 3 1

237 flk 2 286 ut flk2 1

2j8 flk 3 1 289 ut f1k 2 1
239 ut f[k 2 1 293 ut flk 2 28s12w 1

240 flk 3 1 294 flk 3 28s12w 1

241 test peb 1 295 flk 2 28s12w I

242 glass 1 296 core 28s12w 1

243 flk 2 1 291 deb 28s12w
244 ut f1k 2 1 298 flk 3 28s12w
245 test peb 1 299 flk 2 28s12w I

246 Flk 2 1 300 ut flk 2 28s12w

241 . flk 1 1 301 fossil 28s12w 1

248 flk 2 1 302 flk 2 28s12w 1
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C2AT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM Q GAD SUBUNIT (WTY

3 301J deb 28sl2w 1 37 5 UtL flk 3 26s;12w 1
3QL4 deb 28sl2w 1376 fl 1 2t;5 12w1

30c) ut fik 3 28s12w 1171 peb 2(3512w

300 ut flk 3 23s12w 1J733 ut rlk 2 235slj-w

* 30 fik 3 28sl2w 1319 ik3 2s~

Ju 136 deb 28s12w 1380 flk< 2 116L;1 2w1
313 deb OnlOw 1381 fik 1 26s12w

11) nonart Oil Ow 1382 flk 3 26512W1

120 glass OnlOw 1383 fik 2 2(osl_1w

321 deb OnlOw 13814 fik 2 26s1~ w1

322 flk 2 4n14w 1385 flk 3 213s12w1

3213 flk 2 4n4w 1386 flk 2 26s12w1
324 fik 2 4ni4w1 38'7 fik 3 26s1I2w

326 deb 4n14w 1392 u 1 fik 2 4 n,4 w
321 glass 4n14w 1393 flk 3 4n4w
328 fik 2 4n4w 1394 deb 4 1)1;w1
329 flk 3 4n~lw 1395 glass 4nriw1

330 deb 4n4w 1 396 deb 4nJw1
331 nonart 4n14w 1391 fik 3 4n4w 1

332 deb 4n14w 1398 fik 2 4n14w1
31j2 scraper 4n14w 1399 fik 2 4n4w

343 fik 2 OnlOw 1 403 nonart 20s14e1

344 -fossil 4n14w 1 4014 deb 20sl14e1

j43 Ut; fik 2 4n14w 1 405 flk 2 20s14e1
346 test peb 1 406 nonart 20s114c I

347 glass 4n4w 1 407 flk 2 20s14le1
348 Fik 2 4n4w 1 408 nonart 20s14e1
349 fik 2 4n14w 1 409 fik 2 20s14e 1

354) deb 4n14w 1425 nonart 2"Js'14e1

351 glass 4n4w 1 426 ceram 20usIle1

-31-2 uU fik 3 Onl~w 1 142'1 deb 2 )S 18c 1

3513 core onlow 1 428 ceram 20sl8e1
35.)4 nonart OnlOw 1 429 ceram 20sl8e1

35-5 fik 1 OnlOw 1 430 hs t;-121

j 5)6 flk 2 4n14w 11131 hs t;-121

3)1 glass 4n4w 1 432 ut f'lk 3 ,)O>; We1

jd de) 4n4w 14133 fl k 2 0 6I18 1

139 fik 2 4n'w 14j14 ls ;)Os 18k. 1
r),)O ut fik 2 4n4w 1 435 hs 2 0 13 0 1

jl glass 4ln4w 1 '36 fik 2

1'2 ilk 2 4n4w 1 31 Curam I~o

36 V1lk 2 '4n4w 11438 'l k 1 ) C~
14 dc e )4n4w 1439) hs 03~18e 1

1365 deb 4n4w 1 440 fik 1 20Js ie1
130 gUI;lass 411,w 1 1442 flk 2 2 ;11 1

73 ut; fk 3 1 1143 c eI r-a 2 '41 1

glass 14 n 4w 11 44 ceramn 214k;11 L

(,_j f-lk 3 28sl2w 1j 1445 deb I4sI4e

313 'l k 2 26s12w Ii '16 ceurn 1 .L1 e

314I dtub 28s12w 1 4147 ceram .?~1 1 ;
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CAT. NO ITEM QUAD SUBUNIT QTY CAT.NJ ITEM QUAD SUBUNIT QTY

448 gs 20sl8e 1531 test peb OnlOe1
461 c14 20s14e 1532 ut f1k 2 OnlOe1

1462 cerdr 20s114e 533 core Onl~e1

464 cerarn 20s114e 15J47 test peb OnlOe1

464 (1k 2 23sl4e 1548 deb Onl~e1

466 f1k 1 20slje 1549 deb OnlOe1
466 (1 2 2014 1550 test peb OnlOe1

461 (1k 2 20sl4e 1551 f1k 2 4n12e1
466 ceram 21slje 1552 deb 4nl2e1
469 f1k 2 24s114e 1553 fik 1 4n12e
470 ceram 21s13e 1554 fik 2 4n12e1
471 ut (1k 1 24sl4e 1555 deb 4n12e1
472 ceram 24sl4e 1556 deb 4nl2e1
473 cerain 20s1'4e 1557 ut f1k 2 4n12e1
474 ut f1k 2 24sl4e 1558 c14 4n12e1
475 ceram 24s14e 1559 c14 4n12e1
476 hs 24sl4e 1568 f1k 3 42s~e1
4'11 fik 2 23s13e 1573 fik 2 15n36w1
477 f1k 2 23s13e 1574 Ut (1k 2 15n36w1
478 f1k 1 24s14e 1575 ut f1k 2 15n36w1
479 hs 24sl4e 1576 ceraio 2Osl4e1
482 c1'4 20s14e 1577 f1k 3 15n36w1
489 deb 20s13e 1578 f1k 2 15n36w1

*490 lith 20slje 1579 core 15n36w1
*500 deb Onl~e 1580 ut f1k 3 15n36w1

501 (1k 2 OnlOe 1581 deb 15n36w1
502 nonart OnlOe 1582 f1k 3 42s~e1
503 nonart OnlOe 583 (1k 3 42s~e1
504 core Oni~e 1584 f1k 2 42s~e1
505 hs Onioe 1585 c14 42s~e1
506 f~k 2 Oni~e 1586 c14 42s~e1
50t f1k 3 OnlOe 1587 c14 42s~e1
508 (1k 2 Onl~e 1588 nonart 15n36w1

*509 deb Onl~e 1589 nonart 15n36w1
510 bone OnlOe 1590 nonart 15n36w1
511 nonart Oni~e 1591 deb 15n36w1
512 hs OnlOe 1592 deb 15n36w1
513 nonart OnlOe 1593 deb 15n36w1
514 flk 2 Oni~e 1594 test peb 15n36w1
515 glass OnlOe 1595 ut (1k 3 15n36w1
516 test peb OnlOe 1596 obsidian 15n36w1
51t nonart OnlOe 597 deb 15n36w1
518 bone Onl~e 1598 core 15n36w1
519 bone Oni~e 1599 (1k 3 15n36w1
520 bone OnI~e 1600 ut f1k 3 15n36w1
5 21 c14 Oni~e 1601 (1k 3 15n36w1
526 chunk OnlOe 1602 deb 15n36w1

*521 core2 OnlOe 603 flk 2 15n36w1

529 flk 2 Onl~e 1604 (1k 3 15n36w

5290 (1k 2 OnlOe 1605 (1k 2 15n36w1
530 (1k2 ni~ 1606 (1k 3 36s0e
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CAT.NO ITEM QUAD SUBUNIr QTY CAT.NO ITEM QUAD SUBUNIT QTY

607 nonart 38sOe 1 712 f1k 2 10s19w 1

608 fik 2 38sOe 1 713 fik 2 10519w 1

609 deb 38sOe 1 714 ut f1k 3 lOslgw I

610 f1k 2 38sOe 1 715 nonart lusl9w 1

t1i nonart 38sOe 1 716 fik 2 lOslgw 1

612 deb 38sOe 1 717 deb 10s19w 1

613 flk 1 38sOe 1 '18 test peb 2Osl6;.i

620 c14 42sOe 1 719 nonart 20s16w 1

621 c14 42sOe 1 720 f1k 1 20sl6w 1

644 core lOsl9w 1 721 test peb 2Usl6w 1

645 deb 10s19w I 722 nonart 20s16w I

646 ut f1k 3 10s19w 1 723 deb 20s16w 1

647 f1k 2 10s19w 1 724 deb 20s16w 1

648 ut f1k 1 10s19w 1 7253 nonart 20s16w 1

649 fik 2 10s19w 1 726 f1k 3 20s16w 1

650 scraper 10s19w 1 727 f1k 2 20316w 1

651 deb 10s9w 1 728 core 20s16w 1

6,2 deb 10s19w 1 732 f1k 3 20s16w 1

653 ut core 1 733 f1k 2 20s16w 1

657 fik 2 42sOe 1 734 flk 2 20s16w 1

658 c14 42sOe 1 735 nonart 20s16w 1

675 c14 42sOe 1 736 fik 2 20s16w 1

676 c14 42sOe 1 737 f1k 3 20s16w 1
67'1 c14 42sOe 1 738 nonart 20s16w 1

678 c14 42sOe 1 739 ut chunk 20s16w

679 c14 42sOe 1 740 nonart 20s16w 1

680 c14 42sOe 1 741 f1k 2 20s16w 1

681 c14 42sOe 1 742 ut flk 3 20s16w 1

682 c14 42sOe 1 743 deb 20s16w 1

683 c14 42sOe 1 744 f1k 1 20s16w 1

684 c14 42sOe 1 745 deb 20s16w 1

693 gs 42sOe 1 746 deb 20s16w 1

94 deb lOs19w 1 747 deb 20s16w 1

695 deb 10s19w 1 748 fik 3 20s16w 1

696 ut f1k 2 10s9w 1 749 core 20s16w 1

691 deb 10s19w 1 750 deb 20s16w 1

698 flk 2 lOS19W 1 751 fik 3 20s16w 1

699 deb lOs19w 1 752 fik 2 20s16w 1

700 deb 10sl9w 1 753 deb 20s16w 1

701 deb 10s9w 1 754 deb 20s16w

702 f1k 2 10s19w 1 755 nonart 20s16w I

'103 flk 2 10s19w 1 756 f1k 2 20s16w 1

704 f1k 3 10s9w 1 757 nonart 20s16w 1

705 ut fik 2 ls19w 1 758 ut f1k 2 20s16w 1

706 ut flk 2 lOs19w 1 759 nonart 20s16w 1
701 f1k 2 10s9w 1 760 flk 2 20s16w 1

708 peb 10s9w 1 761 deb 20s16w 1

709 f1k 2 lOs19w 1 762 fik 3 20s16w 1

710 fik 2 lOs19w 1 763 nonart 20s16w 1

710 f1k 2 1Os19w 1 764 test peb 20s16w 1

711 f1k 3 10s19w 1 765 core 20s16w 1
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CAT. NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

766 ut f1k 2 20s16w 1820 ilk 3 4n32w1
761 test peb 20s16w 1 821 f1k 1 4n32w1
768 f1k 2 20sl6w 1 822 ut f1k 3 11n32w1
7t09 f1k 3 20s16w 1 823 ut f1k 2 4n32w1
1(0 f1k 2 20s16w 1 824 ut (1k 2 4n32w
7(11 (1k 2 20s16w 1 825 (1k 3 4n32w1
'172 nonart 20sl6w 1 826 (1k 3 4nj2w1
'10 deb 20sl6w 1827 (1k 2 4n32w1
774 nonart 20s16w 1828 ut fik 2 4n32w1
7175 nonart 20sl6w 1829 (1k 3 4n32w1
776 deb 20sl6w 1830 (1k 2 4n32w1
77*11 nonart 20s16w 1831 (1k 2 4n32w1
76 fik 3 20s16w 1832 (1k 3 4n32w1

7719 nonart 20s16w 1833 (1k 2 4n32w1
780 deb 20sl6w 1834 (1k 3 4n32w1
781 nonart 20s16w 1835 (1k 3 4n32w1
732 nonart 20s16w 1 836 f1k 2 4n32w 1
783 nonart 20s16w 1 837 (1k 3 L4n32w 1
784 nonart 20sl6w 1 838 f1k 2 4n32w 1
*(85 nonart 20s16w 1 839 ut (1k 1 4n32w 1
786 (1k 2 20s16w 1 840 deb 4n32w 1
7181 test peb 20s16w 1 841 (1k 2 4n32w 1
788 nonart 20sl6w 1 842 (1k 3 4n32w 1
789 core 20sl6w 1 843 core 4n32w 1
790 nonart 20s16w 1844 ut chunk 4n32w 1
'191 deb 20sl6w 1857 core 4n32w 1
792 deb 20s16w 1873 (1k 3 8s27w 1
796 test peb 20s16w 1874 f1k 2 8s27w 1
'(97 nonart 20s16w 1875 (1k 1 8327wI
798 nonart 20s16w 1875 (1k 2 8s27w 1
799 (1k 2 4n32w 1876 Ut (1k 2 8s27w 1
800 (1k 3 4n32w 1877 core 8s27w 1
801 (1k 2 4nj2w 1878 scraper 8s27w 1
802 (1k 2 4n32w 1879 (1k 1 8s27w 1
803 (1k 3 4n32w 1880 core 8s27w 1
804 ut (1k 2 4nj2w 1881 test core 8s27w 1
805 (1k 3 4n32w 1882 ut (1k 1 8s27w 1
806 f1k 1 4n32w 1883 ut (1k 1 8s27w 1
801 test peb 4n32w 1883 ut (1k 2 8s27w 1
308 test peb 4n32w 1884 core 8s27w 1
809 (1k 3 4n32w 1885 deb 8s27w 2
810 (1k 2 4n32w 1886 ut (1k 2 8s2'(w 1
811 nonart 4n32w 1887 core 8s27w 2
812 (1k 2 4fl32w1 888 scraper 20n44w 1
813 (1k 2 4r',32w1 889 (1k 3 20n44w 1
814 (1k 1 4fl32w1 890 (1k 3 20n44wI
815 (1k 2 4n32w 1891 (1k 3 20n44wI
816 (1k 2 4n32w 1892 ut chunk 20n44wI
817 (1k 3 4n32w 1893 (1k 1 20n44w1
818 deb 4n32w 1 894 (1k 3 20n44w 1
819 core 4n32w 1895 core 20n44w 1

409



S(:A .NO IT LQ4 l Al) :;IJIIIJN IT Q'TY GATr. l11 ITEM Q'JAD ";UI U r 'irr

19, ut lk 2 2011111w 1 962 f1k 1 20n4e 1

81) ul. f1k ' ;011,l4w 1 96j cre '44ri2w

8'Il IlIk j 'l'1w 1 964 point .322w 1

Ii'; flk 1 201114w 1 97 sb3idian n 0 e

9()9 I'Uk 2 20ni414w 1 9"7f5 c14 2322w

9 ut Ilk 1 20nl11w 1 979 c14 1 26w
I I I'Ik I 20rill4w 1 9130 ob3idian 140nOe1

91,) (d,-) 20W1411w 1 981 C14 1 s2(w 1[

91 fl k 3 20ri'14w 1 982 c14 42n26w 1
914 fIk J 2014W 1 98J deb 8s24e 1

91) scraper 20n44w 1 984 hs 8s24e 1

y1o deb 20U144w 1 985 test peb b324e 2

917 I'l'k 2 20n44w 1 986 deb 8s24e 1

917 test peb 20n44w 1 987 ut chunk 8s24e 1

919 f1k 2 20n44w 1 988 nonart 8s24e I

929 scraper 24n24w 1 989 deb 8s24e 1

930 flk 2 24n24w 1 990 nonart 8s24e 1

931 UIk 3 24n24w 1 991 hs 8s24e 1

932 ut flk 2 24n24w 1 992 test peb 8s24e 1

933 U1k 3 24n24w 1 993 flk 3 8s24e 1

934 bone 16s12e 1 994 nonart 8s24e 1

935 hs 32s16e 1 995 ut f1k 2 8s24e 1

936 hs 32s16e 2 996 hs 8s24e 1

937 ut fik 1 32s16e 1 997 flk 2 8s24e 1

937 ut flk 2 32s16e 1 998 deb 8s24e 2

938 anvil 24n24w 1 999 deb 8s24e 1

939 obsidian 44n20w 1 1000 hs 8s24e 1

940 core 5n5w 1 1001 deb 8s24e 1

941 test peb 40n16w 1 1002 flk 2 8s24e 1

942 ceram 2sl6e 1 1002 flk 2 8s24e 1

943 flk 3 2s16e 1 1003 nonart 8s24e 1

9114 hs 44n20w 1 1004 deb 8s24e 1

945 ut flk 3 44n20w 1 1005 deb 8s24e 1

946 nonart 44n20w 2 1006 test peb 8s24e 1

947 deb 44n20w 1 1007 deb 8s24e 1

948 f1k 2 44n20w 1 1008 obsidian 12n22w 1

949 test peb 40nl6w 1 1019 c14 32n2e 1

950 flk 2 40n16w 1 1041 flk 2 12n22w 1

951 flk 2 40n16w 1 1042 ut flk 3 12n22w 1

952 f1k 3 40nl6w 1 1043 nonart 12n22w I

953 ut flk 1 40n16w 1 1044 core 12n22w 1

954 f1k 2 20n4e 1 1045 test peb 12n22w 2

955 deb 20n4e 1 1046 test peb 12n22w 2

956 ut flk 2 20n4e 1 1047 (1k 1 12n22w 1

957 flk 3 20n4e 1 1048 test peb 12n22w 3

958 ut fik 2 20n4e 1 1049 test peb 12n22w I

959 f1k 2 20n4e 1 1050 flk 2 12n22w I

960 ut lk 2 20n4e 1 1050 flk 2 12n22w I

960 ut f(k j 20n4e 1 1050 flk 3 12n22w 1

961 f(k 3 20n4e 1 1050 flk 2 12n22w 1

961 flk 3 20n4e 1 1050 flk 3 12n22w 1
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CAT.NO ITEM QUAD SUB~UNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1051 fik 2 12n22w 1 1088 (1k 2 42n26w 1
1051 (1k 2 12n22w 1 1083 f1k 2 42n26w 1
1052 f1k 2 12n22w 1 1089 nonart 42n26w 1
1053 f1k 2 12n22w 1 1090 ut f1k 1 42n26w 1
1053 f1k 3 12n22w 1 1090 ut f1k 2 42n26w 1
1054 flk 2 12n22w 1 1090 ut (1k 2 42n26w 1
10541 f1k 3 12n22w 1 1091 f1k 2 42n26w 1
1055 test peb 12n22w 3 1091 (1k 3 42n26w 1
1056 fik 3 12n22w 1 1091 (1k 3 42n26w 1
105't (1k 3 12n22w 1 1092 nonart L12n26w 1
1058 f1k 2 12n22w 1 1093 (1k 2 42n26w 1
1058 fik 2 12n22w 1 1093 (1k 2 42n26w 1
105b f1k 2 12n22w 1 1094 deb 42n26w 41
1059 anvil 2s24w 1 1095 (1k 1 42n26w 1
1060 (1k 2 17n15e 1 1095 metal 42n26w 1
1061 deb 17nl~e 1 1096 hs 42n26w 1
1062 scraper 17n15e 2 1097 nonart 42n26w 1
1063 core 17n15e 1 1098 core 36n32w 1
1064 (1k 3 17n15e 1 1099 (1k 3 Wne 1
1065 - (1k 2 17n15e 1 1100 (1k 3 19n32w 1
1065 (1k 3 17n15e 1 1100 (1k 3 19n32w 1
1066 (1k 2 1s26w 1 1101 (1k 2 19n32w 1
1066 (1k 3 1s26w 1 1102 ut. f1k 2 19n32w 1
1066 (1k 3 1s26w 1 1103 (1k 2 19n32w 1
1066 (1k 3 1s26w 1 1104 (1k 3 19n32w 1
1061 (1k 1 2s16e 1 1105 (1k 3 19n32w 1
106j7 (1k 2 2s16e 1 1106 ut (1k 1 2s16e 1
1060 core 2s16e 2 1107 (1k 2 2s16e 1
1069 (1k 2 2s16e 1 1108 test peb 28n20w 1
1070( ut (1k 2 2s16e 1 1109 ut. (1k 2 28n20w 1
1070 ut (1k 2 2s16e 1 1110 Ut (1k 2 36n32w 1
10711 nonart 2s16e 1 1110 ut, (1k 2 36n32w 1
1072 test peb 2s16e 3 1111 (1k 2 36n32w 1
1073 (1k 3 32n2e 1 1111 (1k 2 36n32w 1
1074 ut (1k 2 32n2e 1 1112 (1k 3 36n32w 2
1075 hs 32n2e 1 1112 (1k 2 36fl32w 1
1076 (1k 3 32n2e 1 1113 ut (1k 1 36n32w 1
1077 (1k 2 32n2e 1 1114 ut (1k 3 2s22w 1
107 8 (1k 2 32n2e 1 1115 core 2s22w 1
10719 (1k 1 32n2e 1 1116 nonart 2s22w 1
10719 (1k 3 32n2e 1 1117 nonart 2s22w 2
1080 (1k 2 32n2e 1 1118 nonart 2s22w 4
1080 (1k 3 32n2e 1 1119 (1k 2 2s22w 1
1081 test peb 32n2e 1 1120 core 2s22w
1082 ut (1k 1 32n2e 1 1121 nonart 2s22w 2
1082? ut (1k 3 32n2e 1 1122 (1k 2 2s22w 1
1083 (1k 2 32n2e 1 1123 scraper 2s22w 1
1034 deu 42n26w 1 1124 (1k 3 2s22w 1
1085 (1k .3 42fl26w 1 1125 ut (1k 1 2s22w 1
1066 nonart 42n26w 2 1125 ut (1k 2 2s22w 1
1087 deb 42n26w 1 1125 ut (1k 2 2s22w 1
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CAT.NO ITEM QU)AD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1125 ut flk 2 2s22w 1 1160 deb 36n16w 2

1126 core 2s22w 2 1161 deb 36n16w 3

1127 ut flk 2 2s22w 1 1162 flk 2 36n16w 1

1127 ut f1k 2 2s22w 1 1163 deb 36n16w 2

1127 ut flk 2 2s22w 1 1164 hs j6nl6w 1

1128 ut fik 1 2s22w 1 1165 flk 2 32n2e 1

1128 ut flk 1 2s22w 1 1166 scraper 32n2e 1

1129 fik 2 2s22w 1 1167 f1k 1 32n2e 1

1129 flk 2 2s22w 1 1167 flk 3 32n2e 1

1129 flk 3 2s22w 1 1168 flk 3 32n2e 1

1130 flk 2 2s22w 1 1168 flk 3 32n2e 1

1131 flk 2 2s22w 1 1168 flk 3 32n2e 1

1132 nonart 2s22w 3 1169 flk 3 32n2e 1

113J core 2s22w 2 1170 ut flk 2 32n2e 1

1134 flk 2 2s22w 1 1171 flk 3 32n2e 1

1134 flk 2 2s22w 1 1172 flk 2 32n2e 1

1135 flk 2 2s22w 1 1173 ut flk 3 32n2e 1

llj 6  test peb 2s22w 1 1174 flk 2 16sOe 1

1137 nonart 2s22w 1 1175 nonart 16sOe 1

1138 flk 1 2s22w 1 1176 ut flk 3 16sOe 1

1138 flk 1 2s22w 1 1177 deb 16sOe 1

1138 flk 2 2s22w 1 1178 test peb 19n32w I

1139 flk 2 2s22w 1 1179 flk 3 19n32w 1

1140 ut flk 1 2s22w 1 1179 flk 3 19n32w 1

1140 ut flk 2 2s22w 1 1180 (1k 2 19n32w I

1140 ut flk 2 2s22w 1 1181 flk 2 19n32w 1

1140 ut flk 2 2s22w 1 1181 flk 3 19n32w 1

1140 ut flk 2 2s22w 1 1182 test peb 19n32w 2

1140 ut flk 2 2s22w 1 1183 core 19n32w 1

1140 ut flk 3 2s22w 1 1184 flk 3 19n32w 1

1141 ut flk 1 2s22w 1 1185 flk 2 19n32w 1

1142 nonart 2s22w 3 1186 ut flk 2 19n32w 1

1143 core 2s22w 3 1186 ut flk 3 19n32w 1

1144 nonart 2s22w 1 1186 ut flk 3 19n32w 1

1145 flk 2 2s22w 1 1187 flk 1 40nOe 1

1146 flk 2 2s22w 1 1188 flk 2 40nOe 1

1147 nonart 2s22w 1 1189 deb 40nOe 1

1148 ut flk 2 2s22w 1 1190 hs 40nOe 1

1148 ut flk 3 2s22w 1 1191 ut flk 2 40nOe 1

1148 ut flk 3 2s22w 1 1192 nonart 40nOe 1

1149 core 2s22w 1 1193 flk 1 40nOe 1

1150 core 2s22w 1 1194 deb 40nOe 2

1151 metate 2s22w 1 1195 metal 40nOe 2

1152 core 2s22w 2 1196 ut flk 1 40nOe 1

1153 nonart 2s22w 1 1196 ut flk 3 40nOe 1

1154 ut f1k 1 17n15e 1 1197 flk 3 40nOe 1

1155 flk j 17n15e 1 1198 test peb 40nOe I

1156 f1k 2 17n15e 1 1199 shell 4OnOe 1

1157 ut f1k 3 17n15e 1 1200 scraper 40nOe I

1158 f1k 2 17n15e 1 1201 deb 40nOe 1

1159 deb 36n16w 2 1202 flk 1 40nOe I
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1202 glk 2 40nOe 1 1237 flk I 32s4w I
1203 fik 2 40nOe 1 1238 core 32s4w 3
1203 flk 2 40nOe 1 1239 flk 3 32s4w I
1203 f1k 2 40nOe 1 1239 flk 2 32s4w 1
1204 core 40nOe 2 1240 ut flk 2 32s4w I
1205 ut chunk 40nOe 2 1240 ut flk 2 32s4w I

1206 nonart 40nOe 1 1240 ut flk 2 32s4w 1
120'1 test peb 40nOe 1 1240 ut flk 2 32s4w 1
1208 deb 40Oe 3 1240 ut f1k 2 32s4w I
1209 ut chunk 40nOe 1 1241 scraper 32s4w 5
1210 nonart 40nOe 1 1242 flk 3 4nOe 1
1211 flk 3 40nOe 1 1243 flk 3 4nOe 1
1212 nonart 40nOe 1 1244 glass 4nOe 1
1213 test peb 12n22w 1 1245 flk 2 4nOe I
1214 flk 2 12n22w 1 1246 core 4nOe I
1215 flk 2 12n22w 1 1247 flk 2 4nOe I
1216 flk 3 12n22w 1 1248 flk 2 4nOe 1
121Y core 12n22w 1 1249 glass 4nOe 1
1218 flk 2 12n22w 1 1250 flk 1 4nOe 1
1218 flk 3 12n22w 1 1251 ut flk 1 4nOe 1

1218 f(k 3 12n22w 1 1252 glass On4w 1
1219 flk 2 12n22w 1 1253 nonart On4w I
1219 flk 2 12n22w 1 1254 nonart Onqw 1

1220 flk 2 12n22w 1 1255 glass On4w 1
1220 flk 3 12n22w 1 1256 flk 1 On4w 1
1221 core 12n22w 1 1257 ut flk I On4w 1

1222 core 12n22w 1 1257 ut flk 2 On4w I
1223 core 32s4w 1 1258 flk 2 On4w 1
1224 bs 8nOe 1 1259 flk 2 On4w 1 %
1225 core 32s4w 1 1260 glass On4w I
1226 flk I 8nOe 1 1261 glass On4w 1
1226 flk 3 8nOe 1 1262 deb On4w 1
1227 glass 8nOe 1 1263 deb 44s8e 1
1228 flk 2 8nOe 1 1264 flk 2 44s8e I
1228 flk 3 8nOe 1 1265 nonart 44s8e I
1229 f(k 2 nOe 1 1266 ut flk 2 44s8e 1
1230 flk 3 8nOe 1 1267 hs 40s16e 1
1231 flk 1 32sw 1 1268 glass InOe 1
1231 flk 1 32s4w 1 1269 flk 3 1s26w I
12j2 f(k I 32s4w 1 1269 flk 3 1s26w I

1232 flk 2 32s4w 1 1270 nonart 1s26w 4
1232 flk 2 32s4w 1 1211 flk 1 1s26w I

1233 flk 1 32s4w 1 12'71 flk 3 1s26w I
1233 flk 1 32s4w 1 1272 flk 2 is26w 1
1234 ut flk 1 32s4w 1 1273 f(k 1 1s26w I
1234 ut flk 2 32s4w I 1274 flk 2 2s24w I
1235 flk 2 32s'iw 1 1275 flk 2 2s24w I
1235 f1k 2 32s4w 1 1276 ceram 24s18e 1
1235 flk 2 32s4w 1 1277 flk 3 24s4e 1
1236 fl 2 32s4w 1 1278 flk 2 24s4e 1
1236 flk 2 32s4w 1 1279 hs 24s4e 2
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* CAT.N NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1280 flk 2 24s4e 1 1311 flk 2 2s24w 1

1281 flk 2 12n22w 1 1311 flk 2 2s24w 1

1281 flk 2 12n22w 1 1311 flk 2 2s24w 1

1231 -flk 2 12n22w 1 1312 flk I 2s24w 1

1281 flk 2 12n22w 1 1313 flk 2 36n16w 1

1282 flk 1 32s4w 1 1314 core 36n16w I

1282 f1k 1 32s4w 1 1315 hs 2s22w 1

1282 f1k 1 32s4w 1 1316 nonart 2s22w 3

1282 flk 1 32s4w 1 1317 core 2s22w 1

1282 flk 2 32s4w 1 1318 nonart 2s22w 4

1283 hs 1s26w 1 1319 flk 2 2s22w 1

1284 flk 2 1s26w 1 1319 flk 2 2s22w 1

1285 ut flk 3 1s26w 1 1319 flk 3 2s22w I

1286 flk 2 1s26w 1 1320 ut flk 2 2s22w 1

1286 flk 2 1s26w 1 1321 flk 2 2s22w 1

1287 scraper 1s26w 1 1322 ut flk 1 2s22w 1

1288 nonart 1s26w 1 1322 ut flk 2 2s22w 1

1289 core 1s26w 2 1322 ut flk 3 2s22w 1

1290 flk 2 1s26w 1 1323 nonart 2s22w 5

1290 flk 2 1s26w 1 1324 test peb 2s22w 1

1290 flk 3 1s26w 1 1325 flk 2 2s22w 1

1291 flk 2 1s26w 1 1326 nonart 2s22w 1

1292 nonart 1s26w 1 1327 flk 1 2s22w I

1293 nonart 1s26w 1 1328 ut flk 2 2s22w 1

1294 ut flk 2 1s26w 1 1329 flk 2 36n16w I

1294 ut flk 2 1s26w 1 1330 deb 36n16w 1

1295 flk 2 1s26w 1 1331 flk 3 36n16w 1

1296 flk 2 1s26w 1 1332 flk 1 36n16w 1

1297 flk 3 1s26w 1 1333 nonart 36n16w I

1297 flk 2 1s26w 1 1334 ut flk 2 36n16w 1

1298 flk 2 1s26w 1 1335 nonart 36n16w I

1299 deb 1s26w 1 1336 flk 2 36n16w 1

1300 core 1s26w 1 1337 deb 36n16w 1

1301 flk 3 1s26w 1 1338 flk 3 36n16w I

1302 flk 2 1s26w 1 1339 test peb 36n16w 1

1303 f1k 3 2s24w 1 1340 flk 3 36n16w 1

1304 flk 2 2s24w 1 1341 flk 2 36n16w 1

1305 flk 2 2s24w 1 1342 test peb 36n16w 1

1306 flk I 2s24w 1 1343 flk 3 36n16w I

1306 flk 2 2s24w 1 1344 flk 3 36n16w I

1306 flk 3 2s24w 1 1345 flk 3 36n16w 1

1301 scraper 2s24w 1 1346 test peb 36n16w 1

1308 hs 2s24w 1 1347 flk 3 36n16w I

1J09 flk 2 2s24w 1 1348 nonart 36n16w 1

1309 flk 2 2s24w 1 1349 flk 2 36n16w 1

1310 flk 2 2s24w 1 350 ut flk 2 36n16w I

1311 flk 1 2s24w 1 1351 flk 3 2s24w 1

1311 flk 1 2s24w 1 1351 flk 3 2s24w I

1311 flk 1 2s24w 1 1352 scraper 2s24w 1

1311 flk 2 2s24w 1 1353 flk 1 2s24w

1311 flk 2 2s24w 1 1353 (1k 2 2s24w 1
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C AT. NO ITEM QU AD SUBUNIT QTY

1 J53 flk 2 2s2Z4w 1

13)4 ('1k 3 2s24w 1
1351-) ('k 1 2s24w 1
135-6 ('1k I 2s24w 1
1356 ('1k 2 2s24w 1
1357 nonart 2s24w 1
131)8 i'lk 2 2s24w 1
1 35 8 f1lk 3 2s24w 1
1358 ('1k 2 2s24w 1
135 8 ('1k 2 2s24w 1
13')6 ('k 3 2s24w 1
13539 fik 3 2s24w 1
1.59 ('1k 2 2s24w 1
1360 hs 2s24w 1
1361l obsidian 1
2100 11th 36n16w 1
1282 ut. core 32s4w 5
898 ('1k 20n44w 1
1500 core 20sl6w 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1 ut flk 2 0 1 51 flk 2 0 1
2 f1k 2 U 1 52 flk 1 U 1
3 f1k 3 0 1 53 flk 3 0 1
4 f1k 2 0 1 54 core 0 1
5 flk 0 1 55 test peb 0 1
6 f1k 2 0 1 56 ut f(k 2 0 1
7 f1k 2 0 1 57 ut flk 2 0 1
8 f1k 2 0 1 58 flk 3 0 1
9 flk 2 0 1 59 flk 2 0 1

10 fik 2 0 1 60 ut flk 2 0 1
11 ut flk 2 0 1 61 flk 3 0 1
12 f1k 2 0 1 62 flk 3 0 1
13 flk 2 0 1 63 flk 2 0 1
14 flk 1 0 1 64 test peb 0 1
15 test peb 0 1 65 flk 3 0 1I
16 flk 2 0 1 66 test peb 0 1
17 hs 0 1 67 flk 3 0 1
18 ut flk 1 0 1 68 flk 2 0 1
19 flk 1 0 1 69 core 0 1
20 ut flk 2 0 1 70 flk 2 0 1
21 deb 0 1 71 flk 2 0 1
22 flk 2 0 1 72 core 0 1
23 test peb 0 1 73 flk 2 0 1
24 ut flk 1 0 1 74 fik 2 0 1
25 hs 0 1 75 ut flk 2 0 1
26 ut flk 2 0 1 76 ut flk 2 0 1
27 f1k 3 0 1 77 flk 2 0 1
28 flk 2 0 1 78 flk 2 0 1
29 fk2 0 1 79 deb 0 1
30 f1k 3 0 1 80 flk 2 0 1
31 flk 2 0 1 81 flk 3 0 1
32 scraper 0 1 82 flk 1 1
33 flk 1 0 2 83 core 0 1 ,.

33 f1k 3 0 1 84 pestle 0 1
34 fik 2 0 1 85 nonart 0 1
35 test peb 0 1 86 flk 2 0 2
36 f1k 2 0 1 87 nonart 0 1
37 f1k 3 0 1 88 ut flk 3 0 1
38 core 0 1 89 flk 3 0 1
39 flk 3 0 1 90 metate 0 1
40 core 0 1 91 fik 2 0 1
41 ut flk 2 U 1 92 flk2 1
42 flk 2 0 1 93 ut flk 3 0 1
43 f1k 3 0 1 94 flk 3 0 1
44 r1k 2 0 1 95 ut flk 3 0 J
45 fik.3 0 1 96 test peb 0 1
46 f1k 3 0 1 97 test peb 0 3
47 flk 1 0 1 98 ut flk 2 0 2

48 r1k 2 0 1 99 ut flk 3 0 1
49 f1k 1 0 1 100 flk 3 0 1
50 hs 0 1 101 flk 3 0 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

102 core 0 1 146 test peb 0 1
103 flk 1 0 1 147 deb 0 1

104 ut flk 1 0 1 148 nonart 0 1

105 deb 0 1 149 ut flk 1 0 1

106 ut flk 2 0 1 150 flk 3 0 1
107 test peb 0 1 150 flk 3 0 1

108 nonart 0 1 151 flk 1 0 1

109 ut flk 2 0 1 151 flK 2 0 1

110 flk 1 0 1 152 flk 2 0 1

111 flk 2 0 1 153 flk 2 0 1

112 flk 3 0 1 154 flk 2 0 1

112 flk 3 0 1 155 test peb 0 1

113 test peb 0 1 156 core 0 1

114 flk 2 0 1 157 flk 2 0 1

115 flk 2 0 1 158 ut flk 2 0 1
115 deb 0 1 159 flk 2 0 1

116 flk 1 0 1 160 fcr 0 1

116 flk 2 0 1 161 flk 2 0 1

117 flk 2 0 1 162 flk 3 0 1

118 flk 2 0 1 163 nonart 0 1

119 core 0 1 164 flk 3 0 1

120 core 0 1 165 deb 0 1

121 flk 1 0 1 166 flk 2 C 1

122 flk 2 0 1 167 flk 2 0 1

123 flk 2 0 1 168 flk 2 0 1

124 test peb 0 2 169 flk 2 0 1

125 test peb 0 1 169 flk 3 0 1

126 flk 3 0 1 170 flk 2 0 1

127 flk 2 0 1 171 flk 2 0 1

128 core 0 1 172 flk 2 0 1
129 nonart 0 1 173 flk 1 0 1

130 flk 2 0 1 173 flk 1 0 1

130 flk 2 0 1 174 core 0 4

131 flk 3 0 1 175 core 0 1

132 ut flk 2 0 1 176 flk 1 0 1

133 ut fik 2 0 1 177 flk 1 0 1

134 deb 0 1 17'7 flk 3 0 1

135 flk 1 0 1 178 flk 3 0 1

" 135 flk 2 0 1 179 flk 2 0 1

136 flk 1 0 1 180 flk 0 1

137 flk 2 0 1 181 ut flk 2 0 1

138 fUk 3 0 1 182 test peb 0 1

138 flk 2 0 1 183 deb 0 1

139 test peb 0 2 184 flk 3 0 1

140 core 0 1 185 flk 2 0 1

141 flk 2 0 1 186 ut flk 1 0 1

141 flk 2 0 1 187 core 0 1

142 fcr 0 1 188 ut flk 2 0 I
143 flk 2 0 1 189 flk 3 0 1
144 nonart 0 1 190 flk 1 0 1

145 deb 0 1 191 ut flk 2 0 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

192 flk 1 0 1 243 ut flk 3 0 1

193 flk 2 0 1 244 flk 2 0 2

194 nonart 0 1 245 flk 2 0 1

195 flk 0 1 246 deb 0 1

196 ceram 0 1 247 flk 3 0

197 ut flk 2 0 1 248 fiR 2 0 1

198 flk 2 0 1 249 flk 2 0 1

199 flk 3 0 1 250 ut flk 1 0 1
200 flk 1 0 1 251 flk 2 0 1
201 flk 2 0 1 252 flk 3 0 1

202 deb 0 1 253 ut flk 1 0 1

203 f1k 2 0 1 254 hs 0 1

204 flk 2 0 1 255 core 0 1

205 fik I 0 1 256 flk 3 0 1

206 flk 2 0 1 257 deb 0 1

20'7 ut fir 3 0 1 258 scraper 0 1

208 flk 2 0 1 259 flk 1 0 1

209 core 0 1 260 flk 3 0 1

210 core 0 1 261 flk 2 0 1

211 core 0 1 262 flk 2 0 1

212 flk 2 0 1 263 test peb 0 1

213 biface 0 1 264 flk 2 0 1

214 core 0 1 265 test peb 0 2

215 obsidian 0 1 266 flk 3 0 1

216 ut fik 3 0 1 267 obsidian 0 1

217 flk 2 0 1 268 core 0 1

218 flk 2 0 2 269 ut flk 3 0 1

219 core 0 1 27 flk 2 0 1

220 hs 0 1 271 ut flk 2 0 1

221 core 0 1 272 flk 3 0 1
222 nonart 0 1 273 test peb 0 1
22J ut f1k 2 0 1 2714 flk 3 n 1

224 flk 3 0 1 275 ut flk 3 0 1
225 flk 1 0 1 276 flk 2 0 1

226 ut flk 1 0 1 277 test peb 0 1
227 deb 0 1 278 flk 1 0 2 ,[

228 ut flk 2 0 1 279 fik 1 0 1

229 flk 3 0 1 280 test peb 0 1 ,

230 core 0 1 281 fcr 0 1
231 f1k 2 0 1 282 fcr 0 1

232 test peb 0 1 283 core 0 1 ,'

233 hs 0 1 284 fIk 2 0 1 ,

234 flk 2 0 1 285 flk 2 0 1
235 f1k 2 0 1 236 flk 2 0 1

236 f1k 2 0 1 287 f1k 1 0 1

237 fIk 2 0 2 288 core 0 1

238 flk 2 0 2 289 flk 3 0 I
239 core 0 1 290 core 0 1
2140 core 0 2 291 nonart 0 1
2111 hs 0 1 292 flR 2 0 1

242 core 0 1 293 core 0 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

294 core 0 1 345 core 0 1

295 flk 2 0 1 346 core 0 1

296 ceram 0 2 347 core 0 2

297 flk 2 0 1 348 flk 1 0 1 K
298 flk 2 0 1 349 flk 2 0 1

299 scraper 0 1 350 core 0 2

300 flk 2 0 2 351 deb 0 1

301 ut flk 2 0 1 352 flk 2 0 1

302 flk 1 0 1 353 ut flk 2 0 1

303 flk 2 0 1 354 flk 2 0 1

304 ut flk 2 0 1 355 flk 1 0 1

305 f1k 3 0 1 356 f1k 2 0 2

306 flk 2 0 1 357 ut flk 2 0 1

307 flk 3 0 1 358 core 0 1

308 core 0 1 359 hs 0 1

309 fik 2 0 1 360 deb 0 1

310 flk 3 0 1 361 flk 2 0 1

311 fik 2 0 1 362 scraper 0 1

312 flk 1 0 1 363 hs 0 1

313 ut fik I 0 1 364 flk I 0 1

314 flk 2 0 1 365 deb 0 1

315 deb 0 1 366 ceram 0 3

316 flk 3 0 1 367 flk 2 C 1

317 flk 2 0 1 368 flk 2 0 1

318 flk 1 0 1 369 ut flk 1 0 1

319 ceram 0 1 310 test peb 0 1

320 flk 3 0 1 371 pestle 0 1

321 flk 2 0 1 372 core 0 1

322 cord 0 1 373 flk 2 0 1

323 flk 3 0 1 374 flk 1 0 1

324 deb 0 2 3'15 flk I 0 1

325 test peb 0 2 376 fcr 0 1

326 flk 3 0 1 377 core 0 1

327 core 0 2 378 core 0 1

328 flk 3 0 1 379 test peb 0 1
329 deb 0 1 J80 core 0 1

330 flk 1 0 1 381 core 0 1

331 core 0 1 382 test peb 0 2

332 deb 0 1 383 ut flk 3 0 1

333 flk 1 0 1 384 core 0 1

334 flk 2 0 1 385 ut flk2 0

335 f1k 2 0 1 386 ut flk 2 0 1

336 flk 3 0 1 387 flk 2 0 1
337 core 0 1 388 f1k 1 0 1

338 core 0 1 389 flk 2 0 1

339 flk 2 0 1 390 f1k 2 0 1
340 fk 2 0 1 391 deb 0 1

341 flk 2 0 1 392 core 0 1

342 deb 0 1 393 f1k 3 0 1

34J flk 1 0 1 394 flk 3 0 1

344 flk 3 0 1 395 flk 1 0 1
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CAT. NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

396 1k 2 0 1 447 ut 1k 2 0 1
397 ut flk3 0 1 448 core 0 1

398 f1k? 0 1 449 lk 2 0 1
399 core 0 1 450 biface 0 1
400 fik 2 0 1 451 f1k 1 0 1
401 test peb 0 1 452 flk 1 0 1
402 core 0 1 453 lk 2 0 1
403 core 0 1 454 deb 0 1
404 flk 2 0 1 455 lk 2 0 1
405 flk3 0 1 456 flk3 0 1
406 fcr 0 1 457 flk2 0 1
4 01deb 0 1 458 flkl1 0 1
408 deb 0 1 459 ut flk 0 1
409 lk 2 0 1 460 flk 3 0 1
410 ut fik 2 0 1 461 f1k 2 0 1
411 ut core 0 1 462 core 0 1
412 deb 0 1 463 f1k 3 0 1
413 f1k 1 0 1 464 ut f1k 3 0 1
414 ut f1k 3 0 1 465 (1k 3 0 1
415 Ulk 1 0 1 466 Ulk 3 0 1
416 fik 2 0 1 467 f1k 3 0 1
417 fik 2 0 1 468 fik 2 0 1
418 ut lk 2 0 1 469 flk2 0 1
419 deb 0 1 470 flk 2 0 1
420 f1k 1 0 2 471 deb 0 1
421 hs 0 1 472 core 0 1
422 ut 1k 2 0 1 473 flk2 0 1
423 deb 0 1 474 fk 3 0 1
424 deb 0 1 475 fk 2 0 1
425 nonart 0 1 476 flk2 0 1
426 flk3 0 1 477 flk 3 0 1
427 1k 2 0 1 478 core 0 1
428 1k 2 0 1 479 f1k 3 0 1
429 deb 0 1 480 core 0 1
430 gs 0 1 481 f1k 2 0 1
4J1 hs 0 1 482 (1k 1 0 1
432 deb 0 1 483 test peb 0 1
433 scraper 0 1 484 deb 0 1
434 f1k 3 0 1 485 f1k 1 0 1
435ut core 0 2 4186 flk 1 0 1
436 (1k 2 0 1 487 (1k 2 0 1
437 deb 0 1 488 flk 2 0 1
438 1k 3 0 1 489 f1k 3 0 1
439 core 0 1 490 flk 2 0 1
440 (1k 1 0 1 491 hs 0 1
441 (1k 1 0 1 492 (1k 1 0 1
442 biface 0 1 493 (1k 2 0 1
443 core 0 1 494 1k 2 0 1
444 flk2 0 1 495 core 0 1
445 f1k 1 0 1 496 flk2 0 1
446 (1k 1 0 1 497 (1k 1 0 1
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CAT. NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

498 f1k 3 0 1 549 f1k 3 0 1

499 1k 13 0 1 550 deb 0 1

500 test peb 0 1 551 ut chunk 0

501 f~k 3 0 1 552 f1k 1 0 1

502 fik 1 0 1 553 f1k 2 0 1

503 ut flk 2 0 1 554 ut f1k 12 0 1

504 f1k 3 0 1 555 1k 130

505 1k 12 0 1 556 1k 13 0 1

506 fik 1 0 1 557 deb 0 1

507 flk 3 0 1 558 test peb 0 1

508 f1k 2 0 1 559 flk 2 0 1

509 deb 0 1 560 f1k 12 0 1

510 deb 0 1 561 f1.k 3 0 1

511 flk 3 0 1 562 f1k 2 0 1

512 fik 2 0 1 563 fik 1 0 1

513 fUk 3 0 1 564 fik 3 0 1

514 ut chunk 0 1 565 deb 0 1

515 fik 2 0 1 566 flk 3 0 1

516 fUk 2 0 1 567 mano 0 1

5,1! fk 2 0 1 568 hs 0 1

518 ut chunk 0 1 569 flk 3 0 1

519 deb 0 1 5(10 fik 3 0 1

520 fik 2 0 1 57 1 fik 3 0 1

521 fik 2 0 1 572 flk 3 0 1

522 f1k 2 0 1 573 f1k 3 0 1

523 f1k 1 0 1 5714 flk 3 0 1

524 test peb 0 1 575 f1k 2 0 1

525 flk 3 0 1 516 ut f1k 3 0 1

526 f1k 1 0 1 577 fiki1 0 1

527 flk 3 0 1 578 core 0 1

528 fik 3 0 1 579 deb 0 1

529 f1k 3 0 1 580 f1k 2 0 1

530 test peb 0 1 581 fUk 3 0 1

531 1>1k 3 0 1 582 fik 2 0 1

5J2 hs 0 1 583 f1k 2 0 1

533ut f1k 1 0 1 584 flk 2 0 1

534 fik f 0 1 585 f1k 2 0 1

535 f1.k1 0 1 586 fiki 1o 1

536 fik 3 0 1 587 test peb 0 1

537 flk 2 0 1 588 ut f1k 2 0 1

538 f1k 1 0 1 589 ut flk 0 1

539 f~k 1 0 1 590Out flk3 0 1

540 chopper 0 1 591 deb 0 1

541 obsidian 0 1 592 fik 1 0 1

542 deb 0 1 593 f1k 3 0 1

543 flk 3 0 1 594 1>1k 3 0 1

544 f1k 3 0 1 595 deb 0 1

545 fk 3 0 1 596 deb 0 1

546f1k 3 0 1 597 fik 2 0 1

5 4'1core 0 1 598 deb 0 1

548 1k 12 0 1 599 flk 3 0 1
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CAT. N0 ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

600 fik 2 0 1 651 deb 0 1
601 flk 3 0 1 652 deb 0 1
602 flk3 0 1 653 deb 0 1
603 flk3 0 1 654 ut chunk 0 1
604 core 0 1 655 flk1 0 1
605 flk 3 0 1 656 ut chunk 0 1
606 fk 2 0 1 657 hs 0 1
607 tk 2 0 1 658 ceram 0 1
608 flk2 0 1 659 flk1 0 1
609 flk 2 0 1 660Odeb 0 1
610 obsidian 0 1 661 Ulk 2 0 1
611 flk 2- 0 1 662 flk 2 0 1
612 flk2 0 1 663 fk 2 0 1
613 flk 2 0 1 664I Uk 2 0 1
614 fik 2 0 1 665 fik 2 0 1
615 test peb 0 1 666 Ulk 1 0 1
616 scraper 0 1 667 Ulk 2 0 1
617ths 0 1 668 fk 2 0 1
618 hs 0 1 669 mano 0 1
619 flk 2 0 1 670 Ulk 2 0 1
620 nonart 0 1 671 gs 0 1
621 flk 3 0 1 672 nonart 0 1
622 ut chunk 0 1 673 test peb 0 1
623 Ulk 0 1 674 deb 0 1
624 ut chunk 0 1 675 test peb 0 1
625 flk 1 0 1 676 ut core 0 1
626 flk2 0 1 677 lki1 0 1
627 deb 0 1 678 flk3 0 1
628 ut chunk 0 1 679 test peb 0 1
629 pestle 0 1 680 fik 1 0 1
630 hs 0 1 681 Ulk 3 0 1
631 deb 0 1 682 fik 2 0 1
632 core 0 1 683 ut fk 2 0 1
633 pestle 0 1 684 flk2 0 1
634 fiki1 0 1 685 fk 2 0 1
635 flk2 0 1 686 flk1 0 1
636 flk2 0 1 687 fk 1 0 1
637 deb 0 1 638 core 0 1
638 mano 0 1 689 lk 2 0 2
639 flk1 0 1 690 fk 2 0 1
640 fik 2 0 1 691 fik 1 0 1
6141 deb 0 1 692 Ulk 2 0 1
642 fik 2 0 1 693 obsidian 0 1
643 gs 0 1 694 nonart 0 1
644 fiki1 0 1 695 flk1 0 1
645 flk2 0 1 696 deb 0 1
646 flk 2 0 1 697 flk2 0 1
647 flk 2 0 1 698 flk2 0 1
648 flk 2 0 1 699 flk3 0 2

700~k 0 Out flk 2 0 1
650 flk3 0 1 701 flk 3 0 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

702 f1k 2 0 1 753 f1k 3 0 1

703 metate 0 1 754 f1k 2 0 1

704 flk 1 0 1 755 f1k 2 0 1

705 deb 0 1 756 f1k 2 0 1

706 f1k 2 0 1 757 obsidian 0 1

707 hs 0 1 758 f1k 2 0 1

708 flk I 0 1 759 core 0 1

709 hs 0 3 760 f1k 1 0 1

710 obsidian 0 1 761 ut core 0 1

711 fik 1 0 1 762 hs 0 1

712 obsidian 0 1 763 hs 0 1

713 f1k 2 0 1 764 fik 2 0 1

714 f1k 2 0 1 765 core 0 1

715 fik 2 0 1 766 core 0 1

716 fik 3 0 1 767 f1k 2 0 1

717 test peb 0 1 768 f1k 3 0 1

718 flk 1 0 1 769 hs 0 1

719 f1k 2 0 1 770 f1k 2 0 1

720 f1k 2 0 1 771 flk 3 0 1

721 deb 0 1 772 f1k 2 0 1

722 f1k 1 0 1 773 hs 0 1

723 f1k 3 0 1 774 bone 0 1

724 test peb 0 1 775 f1k 3 0 1

725 test peb 0 1 776 f1k 2 0

726 f1k 3 0 1 777 flk 2 0 1

727 test peb 0 1 '1(8 scraper 0 1

728 f1k 2 0 1 779 core 0 1

729 flk 1 0 1 780 chopper 0 1

730 nonart 0 1 781 f1k 2 0 1

731 f1k 2 0 1 782 f1k 3 0 1

732 f1k 3 0 1 783 ut core 0 1

733 f1k 2 0 1 784 core 0 1

734 f1k 2 0 1 785 hs 0 1

735 core 0 1 786 f1k 2 0 1

736 flk 3 0 1 787 ut f1k 2 0 1

737 hs 0 1 788 f1k 2 0 1

738 f1k 3 0 1 789 f1k 2 0 1

739 obsidian 0 1 790 f1k 2 0 1

740 f1k 3 0 1 791 obsidian 0 1

741 f1k 1 0 1 792 r1k 3 ) 1

742 f1k 2 0 1 793 f1k 1 0 1

743 f1lk 0 1 794f1k3 0 1

744 flk 2 0 1 795 f1k 2 0 1

745 f1k 2 0 1 796 core 0 1

746 f1k 2 0 1 797 core 0

747 hs 0 1 798 f1k 2 0 1

748 f1k 2 0 1 799 core 0 1

749 hs 0 1 800 ut flk 1 0

750 deb 0 1 801 flk 1 0 1

751 ut f1k 2 0 2 802 deb 0 1

752 f1k 1 0 1 803 f1k 1 0 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

804 core 0 1 916 flk 2 20s4w 14 1806 f1k 1 0 I 91 flk 2 20s4w 9 1807 core 0 1 918 core 20s4w 8 1808 gs 0 1 919 nonart 20s4w 11 1809 flk 2 0 1 920 nonart 20s4w 11 1810 obsidian 0 1 921 flk 3 20s4w 12 1811 f1k 2 0 1 922 f1k 3 20s4w 10 1812 flk 1 0 1 923 flk 2 20s4w 16 1813 flk 2 0 1 924 core 20s4w 12 1814 flk 2 0 1 925 flk 2 20s4w 4 1815 hs 0 1 926 flk 2 20s4w 4 1816 flk 2 0 1 927 nonart 20s4w 4 1817 core 0 1 928 nonart 20s4w 10 1818 hs 0 1 929 flk 1 20s4w 4 1819 hs 0 1 930 flk 2 20s4w 1 1820 core 0 1 931 flk 2 20s4w 8 1821 core 0 1 932 flk 3 20s4w 10 1822 hs 0 1 933 flk 3 2Us4w 8 1823 core 0 1 934 flk 3 20s4w 12 1824 f1k 2 6n26e 0 1 935 flk 3 20s4w 12 1825 rlk 1 6n26e 0 1 936 flk 3 20s4w 12 1826 flk 2 6n26e 0 1 937 mano 20s4w 3 1833 hs 2n20e 0 1 938 deb 20s4w 7 1
834 flk 2 2n20e 18 1 939 core 20s4w 10 1842 core 6n26e 12 1 940 flk 3 20s4w 6 1843 obsidian 6n26e 10 1 941 deb 20s4w 12 1844 flk 1 6n26e 15 1 942 f(k 1 20s4w 7 1845 flk 1 6n26e 4 1 943 nonart 20s4w 3 1846 deb 6n26e 14 1 944 flk 1 20s4w 12 1851 flk 1 0 1 945 deb 2Os4w 3 1852 flk 3 2n20e 11 1 949 flk 3 20s4w 10 1881 flk 2 5n24e 6 1 950 flk 2 lOs2Ow 4 1898 flk 2 20s4w 5 1 951 flk 3 IOs2Ow 4 1899 flk 3 20s4w 5 1 952 flk 2 lOs20w 8 1900 test peb 20s4w 1 1 953 test peb lOs2Ow 8 1901 nonart 20s4w 15 1 954 ut chunk ls20w 8 1902 hs 20s4w 1 1 955 flk 2 lOs2Ow 8 I903 nonart 20s4w 10 1 956 flk 3 lOs2Ow 8 1
904 nonart 20s4w 10 1 957 flk 3 lOs2Ow 8 1905 nonart 20s4w 10 1 958 f1k 3 lOs2ow 4 1906 flk 2 20s4w 1 1 959 f1k 2 lOs2Ow 4 1907 nonart 20s4w 12 1 960 flk 3 lOs2Ow 4 1
908 ut flk 3 20s4w 12 1 961 core lOs2ow 2 1909 flk 2 20s4w 12 1 962 nonart lOs2Ow 3 1910 nonart 20s4w 11 1 963 f1k I 10s2Ow 3 1911 flk 3 20s4w 4 1 964 flk 3 10320w 3 1912 f(k 2 20s4w 4 1 965 flk I lOs2Ow I I913 flk 2 20s4w 14 1 966 flk 2 lOs2Ow 2 1914 flk 2 20s4w 12 1 967 flk 1 10s20w 3 1915 nonart 20s4w 12 1 968 nonart lOs2Ow915 flk 2 20s4w 10 1 969 flk 3 lOs2Ow
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CAT. NO ITEM QUAD SUBUNIT QTY CAr.NQ ITEM QUAD SUBUNIT QTY

970 flk 3 10s2ow 1 1 1032 lith l0s20w 5 1
971 flk 2 10320W 14 1 1033 fik 2 l0s2Ow 5
972 flk 3 10320w 3 1 10341 core lOs2Ow 5 1
9'13 fik .j l0s20w 2 1 1035 fik 3 l~s20w 5 1

974 flk 2 10s20w 3 1 1036 ut fik 1 lOs2Ow5
975 obsidian 10320w 0 1 10371 Uk 2 lOs2Ow 51
916 flith 10320w 1 1 1039 flk 2 l0s20w 5 1
918 lk 3 10320w 3 1 10390 fk 2 lOs2Ow. 5 1
9198 fik 2 lOs2Ow 3 1 10141 fik 2 l~s20w 5 1
980 fik 3 lOs2Ow 3 1 1012 fk 2 lOs2Ow 5 1
981 nonar3 lOs2Ow 3 1 10423 fik 3 l~s20w 5 1
982 fik 3t 10s20w 3 1 1043 fik 3l~s2Ow 6
983 fik 3 10s20w 2 1 10115 fik 3lOs2Ow 6 1
9811 fik 1 lOs2Ow 1 1 10116 fik 1 lOs2Ow 6 1
985 fik 2 lOs2Ow 2 1 1046' fik 3 l~s2Ow 6 1
986 fik 1 lOs2Ow 3 1 10418 fik 3 lOs2Ow 6 1
9867 fk 3 lOs2Ow 3 1 10119 fik 1 10520w 6 1
988 fik 1 10520w 2 1 1050 fik 1 lOs2Ow 6 1
989 fik 2 lOs2Ow 2 1 1051 fik 1 l~s20w 6 1
989 fik 2 lOs2Ow 2 1 1052 fik 1 lOs2Ow 6 1
991 fik 3 l0s2Ow 1 1 1053 fik 1 lOs2Ow 6 1
992 fik 1 lOs2Ow 1 1 1054 fik 1 lOs2Ow 6 1
993 fik 2 lOs2Ow 2 1 1055 fik 2 lOs2Ow 6 1
9914 fik 2 lOs2Ow 3 1 1056 fik 1 l0s2Ow 6 1
995 nonar 3 l1s2Ow 3 1 1056 fik 2 l~s2Ow 6 1
996 fikar 3 ls2Ow 3 1 1058 fik 1 l0s2Ow 6 1
991 ft k 2 l0s2Ow 3 1 1059 flk 2 lOs2Ow 7 1
998 u fk 3 lOs2Ow 2 1 1060 fik 2 lOs2Ow 7 1
999 flk 2 lOs2Ow 2 1 1061 fik 2 lOs2Ow 7 1
1000 fik 2 lOs2Ow 11 1 1062 flk 1 10s20w 7 1
1001 fik 2 lOs2Ow 4 1 1063 fik 3 lOs2Ow 9 1
1002 fik 2 l0s2Ow 11 1 10611 fik 2 lOs2Ow 9 1
1003 flk 2 lOs2Ow 4 1 1065 obsidia lOs2Ow 9 1
10011 fik 2 l0s2Ow 4 1 1066 odeb n lOs2Ow 9 1
1005 fik 2 l0s2Ow 8 1 1067 fdeb l~s2Ow 9 1
1006 Ulk 3 lOs2Ow 8 11067 core 3 1s2Ow 9
1001 fik 1 1020W 11 1 1069 cor 1 ls20w 9 1
1008 deb 20s11w 13 1 1060 flk 3 l0s2Ow 9 1
1009 deb 20s11w 13 1 1011o fik 3 lOs2Ow 9 1
1013 ndner 20s11w 20 1 10721 fik 2 10s20w 9 1
10134 nonart 20s11w 70 1 1073 fik 2 l~s2Ow 9 1
1014 nonart 20s11w 2 1 10734 flk 3 10s2Ow 9 1
1016 nonart 20s11w 0 1 10714 fik 3 lOs2Ow 9 1

p1017 nonart 20s11w 2 1 10765 fik 2 lOs2Ow 9 1
10171 flk 2t 20s11w 3 1 1077 fik 2 lOs2Ow 9 1
1024 fcrape 20s14w 7 1 10778 flk 3 lOs2Ow 9 1
1926 sce r 20s11w 9 1 1019 fik 2 lOs2ow 9
1027 deb 20s1w 3 1 1080q flk 1 lOs2Ow 9 1
1027 fik 3 20s4w 11 1 1081 deb lOs2Ow 9 1

1029 f]lk 1 20s4w 8 11082 fik 1 lOs2Ow 9 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO IrEM QUAD SUBUNIT QTY

1083 deb 10s20w 13 1 1137 flk 3 32n8e 12 1
1084 flk 3 10s20w 13 1 1138 flk 3 32n8e 16 1
1085 flk 3 lOs2Ow 13 1 1139 flk 3 32n8e 16 1
1086 fik 3 10s20w 13 1 1140 ut flk 2 lOs2Ow 10 1
1087 fik 2 lOs2Ow 13 1 1141 flk 3 lOs2Ow 10 1
1088 flk 3 lOs2Ow 13 1 1142 fik 2 lOs2Ow 10 1
1089 flk 2 10s20w 13 1 1143 flk 3 lOs2Ow 10 1
1090 flk 3 10s20w 13 1 1144 flk 2 10s20w 10 1
1091 flk 2 10s20w 13 1 1145 flk 2 lOs2Ow 10 1

1092 fik 2 lOs2Ow 13 1 1146 flk 2 10s20w 10 1
1093 flk 1 10s20w 13 1 1147 flk 2 lOs20w 10 1
1094 lith 10s20w 13 1 1148 fUk 2 10s20w 10 1
1095 fik 2 10s20w 13 1 1149 flk 2 10s20w 10 1
1096 obsidian lOs2Ow 13 1 1150 fik 3 10s20w 10 1
1097 fik 2 10s20w 13 1 1151 flk 3 10s20w 10 1
1093 fUk 3 10s20w 13 1 1152 flk 3 lOs2Ow 10 1
1099 flk 3 10s20w 13 1 1153 fUk 2 lOs2Ow 10 1
1100 flk 3 10s20w 13 1 1154 flk 1 lOs2Ow 10 1
1101 fik 2 10s20w 13 1 1155 f1k 2 lOs20w 10 1
1102 test peb 10s20w 13 1 1156 fik 2 10s20w 10 1
1103 fik 2 10s20w 14 1 1157 flk 3 10s20w 10 1
1104 fIk 3 10s20w 14 1 1158 deb 10s20w 10 1
1105 core 10s20w 14 1 1159 nonart lOs2Ow 10 1
1106 fik 2 10s20w 14 1 1160 fik 3 lOs2Ow 10 1
1107 flk 3 lOs2Ow 14 1 1161 flk 2 10s20w 10 1
1108 flk 3 lOs2Ow 14 1 1162 flk 1 10s20w 10 1
1109 fIk 3 10s20w 14 1 1163 flk 2 10s20w 10 1
1110 flk 10s20w 14 1 1164 deb 10s20w 10 1
1111 fik 2 10s20w 14 1 1165 flk 3 lOs2Ow 11 1
1112 deb lOs2Ow 15 1 1166 core lOs2Ow 11 1
1113 flk 1 10s20w 15 1 1167 nonart 10s20w 11 1
1114 core 10s20w 15 1 1168 fUk 3 lOs2Ow 11 1
1115 flk 2 10s20w 15 1 1169 flk 1 I0s20w 11 1
1116 fik 2 10s20w 15 1 1170 deb 10s20w 11 1
1117 nonart lOs2Ow 15 1 1171 fik 2 lOs2Ow 12 1
1118 flk 2 10s20w 15 1 1172 flk 3 10s20w 12 1
1119 fik 3 lOs2Ow 15 1 1173 flk 1 10s20w 12 1
1120 core 10s20w 16 1 1174 flk 3 lOs2Ow 12 1
1121 flk 2 lOs2Ow 16 1 1175 point 10s20w 12 1
1122 flk 2 10s20w 16 1 1176 fUk 2 10s20w 12 1
1123 obsidian lOs2Ow 16 1 1177 nonart lOs2Ow 12 1
11214 ut fik 10s20w 16 1 1118 fik 2 10s20w 12 1
1128 flk 2 32n8e 16 1 1179 flk 3 10s20w 12 1
1129 flk 2 32n3e 12 1 1180 flk 2 lOs2Ow 12 1
1130 fik 1 32n8e 10 1 1181 deb lOs2Ow 12 1
1131 flk 2 32n8e 14 1 1193 flk 3 32n8e 19 1
1132 fik 3 32n8e 15 1 1194 deb 32n8e 19 1
1133 fik 3 32n8e 13 1 1195 deb 32n8e 19 1
1134 deb 32n8e 15 1 1196 flk 2 32n8e 19 1
1135 fUk 2 32n8e 16 1 1191 fUk 2 32n8e I 1
1136 fik 3 32n8e 16 1 1198 deb 32n8e 8 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIr QT-,

1199 test peb 32n8e 3 1 1258 obsidian 0-
1200 nonart 32n8e 3 1 1259 flk 3 32n8e 21 _

1201 flk 2 32n8e 6 1 1260 flk 1 32n8e 8
1202 flk 1 32n8e 5 1 1261 flk I 32n8e 11
1203 flk 3 32n8e 4 1 - 1262 [lk 2 32n8e 12 1
1204 ceram 32n8e 4 1 1263 nonart 32n8e I .I.

1205 flk 3 34s10w 2 1 1266 flk 3 32n8e 2'1
1206 flk 2 34s10w 2 1 1267 gs 32n8e 121-

1207 ut flk 3 34s10w 5 1 1276 flk 2 34s10w 24
1208 flk 3 34s10w 5 1 1277 flk 3 34si0w 214 i

1209 flk 3 34s10w 5 1 1278 flk 2 34s10w 20

1210 deb 34s10w 5 1 12'(9 flk 3 34slOw 1

1211 flk 3 34s10w 6 1 1295 flk 2 34slOw 5
1212 flk 2 34s10w 6 1 1296 core 34s10w 17
1213 flk 2 34s10w 11 1 1297 core 34s10w 17

1214 flk 2 34s10w 11 1 1310 flk 2 20s24w I
1215 flk 2 34s10w 11 1 1311 flk 2 20s24w 13

1216 flk 3 34s10w 13 1 1312 flk 2 20s24w 1
1217 flk 3 34s10w 14 1 1313 flk 1 20s24w 2 1
1218 flk 3 34s10w 14 1 1314 flk 3 20s24w 2

1219 flk 3 34s10w 15 1 1315 flk 3 20s24w 3
1220 flk 1 34s10w 15 1 1316 flk 2 20s24w j
1221 ut f1k 3 34s10w 16 1 1317 [1k 3 20s24w 3 1

1225 hs 34s10w 9 1 1318 flk 2 20s24w 3

1226 flk 2 34s10w 6 1 1319 ut flk 3 20s24w 3
1227 [1k 2 321e 22 1 1320 ut flk 3 20s24w 3
1228 flk 2 32n8e 23 1 1321 ut flk 2 20s24w 6

1229 flk 3 32n8e 21 1 1322 flk 3 20s24w 6
1230 flk 2 32n8e 29 1 1323 flk 2 20s24w 6

1231 flk 2 32n8e 21 1 1324 flk 3 20s24w 6

1233 flk 1 32n8e 30 1 1325 flk 3 20s24w 6
12314 test peb 32n8e 23 1 1326 flk 2 20s24w 6
12j5 deb 32n8e 23 1 1327 lith 20s24w 6
1236 deb 32n8e 30 1 1328 core 20s24w 6

1238 core 32n8e 21 1 1329 flk 2 20s24w 6
1239 deb 32n8e 22 1 1330 flk 2 20s24w 7

1243 flk 3 34s10w 19 1 1331 core 20s24w I
1244 flk 3 34s10w 16 1 1332 flk 2 20s24w I0
1245 flk 2 34s10w 17 1 1333 flk 3 20s24w 10
1246 flk 2 34s10w 21 1 1334 flk 2 20s24w l ..
247 deb 34slOw 21 1 1335 flk 3 20s24w 1'
1248 deb 34s10w 22 1 1336 [lk 3 20s24w 1-
1249 flk 3 34s10w 17 1 1337 flk 2 20s24w I0

1250 flk 2 34s10w 11 1 1338 flk 2 20s24w 10

1251 rlk 2 34s10w 24 1 1339 flk 2 20s24w 101252 1 k 151W1
1252 flk 3 3'Is10w 16 1 1340 nonart 20s24w 11

123[k2 34sl0w 16 13141 [1k 2 20s24w 1,4
1254 obsidian 0 1 1342 [1k 2 20s24w 1
1255 point 0 1 1343 [1k 2 20s24w 1
1256 biface 0 1 1344 nonart 20s24w

1257 scraper 0 1 1345 [k 1 20s24w 2
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CAT.NO ITEM QUAD SUBUNIT QTY( CAT.O ITEM QUAD SUBUNI QTY

1346 flk 3 20s24w 2 1 1397 fik 2 20s24w 14 1
1347 flk 3 20s24w 2 1 1398 f1k 2 20s24w 14 1
1348 flk 2 20s24w 2 1 1399 fUk 2 20s24w 14 1
1j49 flk 3 20s24w 4 1 1400 f1k 2 20s24w 14 1
1350 flk 20s24w 4 1 1401 ilk 3 20s24w 14 1
1j51 fik 2 20s24w 4 1 1402 f1k 1 20s24w 14 1
1352 ang deb 20s24w 4 1 1403 f1k 3 20s24w 14 1
1J53 flk 2 20s24w 5 1 1404 f1k 3 20s24w 14 1
1354 f1k 2 20s24w 5 1 1405 flk 2 20s24w 14 1
1355 ut fik 2 20s24w 3 1 1406 fik 3 20s24w 14 1
1356 f1k 3 20s24w 3 1 1407 f1k 1 20s24w 14 1
1357 flk 2 20s24w 3 1 1408 flk 2 20s24w 14 1
1358 deb 20s24w 6 1 1409 f1k 2 20s24w 14 1
1359 f1k 2 20s24w 6 1 1410 flk 1 20s24w 16 1
1360 f1k 2 20s24w 6 1 1411 f1k 2 20s24w 16 1
1361 flk 1 20s24w 6 1 1412 fik 2 20s24w 15 1
1362 flk 2 20s24w 6 1 1413 f1k 2 20s24w 16 1
1363 f(k 2 20s24w 6 1 1414 f1k 2 20s24w 16 1
1364 ut flk 3 20s24w 6 1 1415 (1k 2 20s24w 5 1
1365 flk 2 20s24w 6 1 1416 core 20s24w 16 1
1366 (1k 2 20s24w 6 1 1417 flk 2 20s24Q 5 1
1367 flk 3 20s24w 7 1 1418 ut fik 20s24w 3 1
1368 flk 2 20s24w 7 1 1419 ut f1k 2 20s24w 3 1
1369 f1k 3 20s24w 7 1 1420 f1k 3 20s24w 3 1
1370 f1k 3 20s24w 8 1 1421 ut f1k 2 20s24w 15 1
1371 ut flk 2 20s24w 8 1 1422 f1k 2 20s24w 15 1

* 1372 flk 2 20s24w 9 1 1423 f1k 2 20s24w 4 1
1373 scraper 20s24w 9 1 1424 flk 3 20s24w 1 1
1374 f1k 2 20s24w 9 1 1425 f1k 2 20s24w 4 1
1375 flk 3 20s24w 10 1 1426 ut flk 3 20s24w 4 1
1376 flk 1 20s24w 10 1 1427 f1k 1 20s24w 6 1
1377 core 20s24w 10 1 1428 f1k 3 20s24w 6 1
1378 ut flk 2 20s24w 10 1 1429 f1k 2 20s24w 6 1
1379 flk 2 20s24w 10 1 1430 f1k 2 20s24w 8 1
1380 flk 2 20s24w 10 1 1431 (1k 3 20s24w 8 1
1381 core 20s24w 15 1 1432 f1k 2 20s24w a 1
1382 ut flk 3 20s24w 10 1 1433 (1k 3 20s24w 9 1
1383 flk 3 20s24w 10 1 1434 flk 3 20s24w 10 1
1384 (1k 3 20s24w 10 1 1435 f1k 2 20s24w 10 1
1385 ut flk 2 20s24w 10 1 1436 f1k 3 20s24w 11 1
1386 (1k 2 20s24w 10 1 1437 f1k 3 20s2llw 15 1
1381 ut core 20s24w 12 1 1438 f1k 2 20s24w 15 1
1388 (1k 3 20s24w 12 1 1439 f1k 3 20s24w 15 1
1389 flk 3 20s24w 12 1 1440 f1k 2 20s24w 11 1
1390 f1k 2 20s24w 13 1 1441 f1k 3 20s24w 11 1
1) 1 f1k 20s24w 13 1 1442 f1k 2 20s24w 12 1
1392 flk 1 20s24w 13 1 1443 f1k 2 20s24w 12 1
1393 ut flk 1 2Us24w 16 1 1444 flk 2 20s24w 12
1394 (1k 2 20s24w 16 1 1445 f1k 3 20s24w 13 1
1395 scraper 20s24w 14 1 1446 f1k 3 20s24w 13 1
1396 (1k 3 20s24w 14 1 1447 ut (1k 2 20s24w 13 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIr QT, U

1448 flk 3 20s24w 13 1 1514 flk 2 4s29w 14 1

14119 flk 20s24w 13 1 1515 core 4s29w 1) 1

1450 flk 2 20s24w 14 1 1516 scraper 4s29w 5

1451 flk 3 20s2l4w 14 1 1517 hs 4s29w 23 1

1454 ut flk 2 20s24w 10 1 1518 flk I 4s29w 20 1

1455 flk 3 20s24w 3 1 1519 flk 2 4s29w 22 1

1456 flk 1 20s24w 3 1 1520 flk 2 4s29w 23 1

1457 flk 2 20s24w 3 1 1521 ut flk 1 4s29w 25 1

1471 gs 4s29w 0 1 1522 flk 2 4s29w 29 2

1472 test peb 4s29w 0 1 1523 scraper 4s29w 2) 1

1473 flk 3 4s29w 22 1 1524 core 4s29w )3 1

1474 flk 2 4s29w 0 1 1525 flk 1 4s29w 35 2

1475 flk 2 4s29w 22 1 1526 deb 4s29w 35 2

1476 flk 2 4s29w 22 1 1527 flk 2 4s29w 17 3

1477 flk 2 4s29w 0 1 1528 deb 4s29w 1 2

1478 flk 4s29w 0 1 1529 scraper 4s29w 3U 1

1479 flk 2 4s29w 0 1 1530 flk 1 4s29w 34 1

1480 flk 2 4s29w 27 1 1531 flk 3 4s29w 23 1

1481 flk 3 4s29w 22 1 1532 deb 4s29w 23 1

1482 flk 3 4s29w 15 1 1533 ut flk 2 4s29w 29 1

1483 deb 4s29w 17 1 1534 ut flk 1 4s29w 29 1

1484 deb 4s29w 23 1 1535 flk 3 4s29w 29 1

1485 flk 2 4s29w 14 1 1536 flk 3 4s29w 29 1

1486 test peb 4s29w 22 1 1537 biface 4s29w 35 1

1487 flk 2 4s29w 22 1 1538 ang deb 4s29w 28

1488 test peb 4s29w 21 1 1539 gs 4s29w 29 1

1489 flk 2 4s29w 29 1 1540 flk 2 4s29w 28 1

1490 flk 3 4s29w 16 1 1541 flk 2 4s29w 26,

1491 flk 2 4s29w 23 1 1542 flk 2 4s29w 3N I

1492 deb 4s29w 17 1 1543 flk 2 4s29w 35

11493 test peb 4s29w 22 1 1544 flk 2 4s29w 27

1494 flk 2 4s29w 21 1 1545 flk 4s29w 20

1495 flk 3 4s29w 0 1 1546 flk 3 4s29w 35

1496 test peb 4s29w 17 1 1547 flk 2 4s29w 16

1497 flk 2 4s29w 14 1 1548 flk 2 4s29w 34 I

11498 flk I 4s29w 16 1 1549 flk 3 4s29w 3O

11499 flk 1 4s29w 16 1 1550 deb 4s29w 35 1

1500 flk 4s29w 28 1 1551 flk 3 4s29w 14

1501 scraper 4s29w 15 1 1552 ut flk I 4s29w 14 1

1502 flk 2 4s29w 34 3 1553 flk 2 4s29w 14

1503 flk 2 4s29w 33 3 1554 fik 2 4s29w

15014 flk 2 4s29w 21 1 1555 flk 3 4s29w 11

1505 hs 4s29w 22 1 1556 flk 2 4s29w 35

1506 fik 2 4s29w 28 1 1557 flk 2 4s29w 3%

1507 flk I 4s29w 26 1 1558 flk 2 4s29w.

1508 gs 4s29w 23 1 1559 test peb 4s29w

1509 test peb 4s29w 16 1 1560 flk 2 4s2g9w

1510 ut flk 2 4s29w 27 1 1561 test peb 4s29w

1511 flk 2 4s29w 27 1 1562 flk 2 4s29w

1512 flk 3 4s29w 21 4 1563 flk 3 4s29w

1513 knife 4s29w 27 1 1564 flk 3 4s29w -

430

.: " ." ." ." .....-. .".,



CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIr QTY

1565 fik 2 4s29w 28 1 1626 ang deb 4s29w 28 1
1566 fik 4s29w 34 1 1627 fUk 3 4s29w 28 1
1567 fik 2 20s24w 9 1 1628 ut fUk 2 4s29w 27 1
1568 fUk 3 20s24w 10 1 1629 fUk 3 4s29w 21 1
1569 fUk 2 20s24w 10 1 1630 flk 2 4s29w 27 1
1510 fik 3 20s24w 11 1 1631 deb 4s29w 35 1
1571 fUk 2 20s24w 11 1 1632 deb 4s29w 23 1
157? Uk 3 20s24w 17 1 1642 Uk 1 23s20w8 3
1573 obsidian 20s24w 17 1 1643 core 23s20w 8
1574 fik 1 20s24w 1i7 1644 fUk 2 23s2Qw 8 1

1575 fik 3 20s24w 17 1 1645 fUk 2 23s20w 8 1
1576 fik 2 20s24w i 1 1646 fUk 2 23s20w 8 1

1577 fik 3 20s24w 17 1 1647 fUk 23s20w 8 1
1518 fUk 2 20s24w 17 2 1648 U1k 2 23s20w 8 1
1579 fik 3 20s24w 17 1 1649 fik 23s20w 8 1
1580 fik 2 20s24w 17 1 1650 fUk 2 23s20w 6 1
1581 scraper 20s24w 17 1 1651 fik 3 23s20w 7 1
1582 fUk 2 20s24w 17 1 1652 deb 23s20w 7 1
1583 fik 3 20s24w 17 1 1653 ut fUk 2 23s20w 7 1
1594 ut fik 2 23s20w 1 1 1654 hs 23s20w 8 1
1595 fik 2 23s20w 1 1 1655 fik 3 23s20w 7 1
1596 fik 1 23s20w 3 1 1656 fUk 2 23s20w 7 1
1597 fUk 3 23s20w 3 1 1657 flk 3 23s20w 7 3
1598 fik 3 23s20w 3 1 1658 fik 1 23s20w 9 1

1599 ut fik 2 23s20w 3 1 1659 fik 3 23s20w 9 2
1600 nonart 23s20w 3 1 1660 ut fUk 3 23s20w 15 1
1601 fik 3 23s20w 3 1 1661 ang deb 23s20w 13 1
1602 ut fik 2 23s20w 4 1 1662 fik 3 2-js20w 5 1
1603 core 23s20w 4 1 1663 ut flk 2 23s20w 14 1
1604 ut fUk 2 23s20w 4 1 1664 scraper 23s20w 16 1
1605 ut fUk 2 23s20w 4 1 1565 ut fik 2 23s20w 14 1
1606 fik 2 23s20w 4 1 1666 core 23s20w 10 1
1607 fik 3 23s20w 4 1 1667 fUk 3 23s20w 6 1
1608 fUk 3 23s20w 4 1 1668 flk 3 23s20w 6 1
1609 core 23s20w 4 1 1669 fik 2 23s20w 12 1
1()10 flk 3 23s20w 4 I 1670 scraper 23s20w 14 1

1611 fk 2 23s20w 4 1 1671 fUk 23s20w 6 1
1612 ut 1k 3 23s20w 4 1 1672 fik 23s20w 6 1
1613 flk 2 23s20w 3 2 1673 fik 3 23s20w 6 1
1614 fik 3 23s20w 8 1 1674 fik 3 23s20w 5 '
1615 fUk 2 23s20w 8 1 1675 fik 2 23s20w 5 1
1616 fik 2 23s20w 8 1 1676 ut fUk 3 23s20w 12
1617 scraper 4s29w 14 1 1677 flk 2 23s20w 9 2
1618 fik 2 4s29w 28 1 1678 deb 23s20w 15 2 ,
1619 fk 2 4s29w 28 1 1679 core 23s20w 7 1 ,
1620 fUk 2 4s29w 28 1 1680 deb 23s2Ow 10 1 \.',
1621 flk 3 4s29w 28 1 1681 flk 3 23s20w 12 1
1622 fik 2 4s29w 29 1 1682 fUk I 23s20w 11 1
1623 rote 4s29w 20 1 1683 fik 2 23s20w 11 1
1624 flk 2 4s29w 28 1 1684 fUk 2 2Js2Ow 11 1
162- fik 2 4s29w 27 1 1685 fUk 2 23s20w 13 4
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CA .NO ITEM QU AD SUBUNIT QiY CAr.NO IfEM QUAD SUBUNIT QTY

1 86fl lk 3 23s20w 10 1 1809 obsidian 15n53w 2 1

16 1I fElk 3 2 2Ow 7 1 1338 tool 4 29w 11 I I
168 8 lk 23320w 5 1 1843 flk 2 2n8e 3 1
1068; I'[k 1 23s2Ow 12 1 18144 flk 1 2nc 7 1
1690 ut flk 2 23s20w 12 1 1845 scraper 2n8e 9 1

1091 Elk 23s20w 1 1 1846 flk 1 2nbe 14 1

1692 core 23s20w 16 1 1847 flk 3 22n58w 4 1

1093 flk 2 23s2Ow 11 1 1848 Elk 1 46sl3fe 14 1

1694 flk 2 23s20w 16 1 1849 test peb 22n58w 1 1

169) flk 3 23:;20w 11 1 1850 ut flk I 22n58w 1 2

1696 flk 3 2_s20w 5 1 1851 ut flk 2 22n58w 1 1

1697 flk 1 23s20w 11 1 1852 ut flk 1 22n56w 1 1

1698 flk 3 23s20w 11 1 1853 flk 2 22n58w 1 2

1699 deb 23s20w 11 1 1854 flk 1 22ij58w 2 5)

1700 flk 2 23-20w 11 1 1855 core 22n58w 2 2

1101 flk 3 23s20w 11 1 1856 flk 2 22n58w 3 2 ..'

1702 ut flk 2 23s20w 11 1 1857 core 22n58w 4 1
1103 fik 3 23s20w 11 1 1858 core 22n58w 5 1

1704 flk 2 23s20w 11 1 1859 ut flk 2 22n58w 5 1
1105 core 23s20w 11 1 1860 flk 1 22n53w 6 2
1706 deb 23s20w 12 1 1861 nonart 22n58w 6 1
1101' deb 23s20w 9 2 1862 flk 1 22n58w 7 3 '

1708 flk 3 23s20w 11 1 1863 flk I 22n58w 8 2
1109 ut Elk 1 23s20w 16 1 1664 test peb 22n58w 9 2
1710 fEk 2 23s20w 11 1 1865 ut cob 22n53w 9 1
1111 flk 3 23s20w 11 1 1366 ut fEk 1 22n58w 1j 1

1712 ut Elk 2 23s20w 11 1 1867 ut flk 1 22n58w 11 2 p
1-13 flk 1 23s20w 3 1 1368 flk 1 22n58w 12 1

1714 ut chunk 23s20w 2 1 1869 flk 2 22n58w 13 1

1115 ut flk 3 23s20w 9 1 1610 flk 2 22n58w 14 2 .\
1716 flk 3 23s20w 2 2 18711 flk 1 22n58w 14 2
1[I1 ut Elk 1 23s20w 1 1 1812 flk 2 22n58w 19 2
1718 ut flk 2 23s20w 4 2 1873 flk 2 22n58w 16 13

1119 ut flk 3 23s20w 4 1 1814 hs 22n58w 16 1

1720 flk 2 23s20w 6 2 1815 flk 3 41n54w 2 1
1121 flk 1 23s20w 5 1 1376 flk 3 41n54w 9 1
1722 flk 1 23s20w 8 1 1877 test peb 41n54w 11 2
112J flk 3 23s20w 7 2 1818 flk 2 41n54w 1. 1

1733 flk 2 42s2w 3 I 1819 flk 3 60s6e 8 1
17)4 flk 3 42s2w 8 1 1880 flk 1 60s6e 9 1

1131 flk 3 46s3w 6 1 1881 test peb 60sbe 10 1

1138 ut flk 2 42s2w 11 1 1882 obsidian 60s6e 11 1

1139 flk 1 42s2w 0 1 1883 flk 2 60s6e 12 1
141 Elk 2 42s2w 10 1 1684 flk 2 2s21w 1 1
1792 obsidian 17n33w 1 1 1885 flk 2 2s21w I I

1793 obsidian 17n2)w 5 1 1886 flk 2 2s21w 1 1

194) point 17n33w 12 1 1887 lk 3 2s21w 1 1
1['95 obsidian IOn4'lw 3 1 1888 flk 2 2s21w 1 1

1,196 obsidian 10n44w 2 1 1889 flk 33 2s21w 1 1

1801 obsidian On40w 0 1 1890 flk 3 12n2.w 1 1

18r)8 obsidian 12n28w 16 1 1891 flk 3 12n28w 1 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1892 flk 2 12n28w 1 1 1943 flk 2 16n16e 10 1

1893 fik 2 12n28w 1 1 1944 (1k 3 18s14e 9 1
1894 flk 3 12n28w 2 1 1945 flk 3 29n18e 6 2

1895 flk 2 12n28w 2 1 1946 flk 1 29n18e 7 1

1896 (1k 3 12n28w 5 1 1947 (1k 2 29n18e 11 1
1897 (lk 2 12n28w 5 1 1948 flk 2 29n18e 12 1

1898 flk 3 12n28w 6 1 1949 flk 3 6s3w 1 1
1899 flk 2 12n28w 7 1 1950 flk 2 6s3w 2 2
1900 flk 3 12n28w 7 1 1951 flk 2 6s3w 3 3
1901 ut flk 1 12n28w 7 1 1952 flk 2 6s3w 3 1

1902 core 12n28w 7 1 1953 flk 3 6s3w 4 1

1903 hs 12n28w 8 1 1954 core 6s3w 4 1

1904 (1k 3 12n28w B 1 1955 flk 2 6s3w 5 1

1905 (1k 3 12n28w 8 1 1956 cok 2 6s3w 6 1

1906 test peb 12n28w 8 1 1957 flk 2 6s3w 7 1
1907 flk 3 12n28w 10 1 1958 flk 2 6s3w 9 1

1908 t1k 3 12n28w 10 1 1959 flk 2 6s3w 10 1
1909 flk 2 12n28w 10 1 1960 flk 2 6s3w 12 2
1910 flk 2 12n28w 10 1 1961 biface 6s3w 12 2
1911 flk 3 12n28w 10 1 1962 flk 2 6s3w 13 1

1912 deb 12n28w 10 1 1963 (fk 2 6s3w 14 12
1913 tu flk 2 12n28w 10 1 1964 flk 3 6s3w 15 2

1914 (1k 3 12n28w 11 1 1965 flk 2 6s3w 16 1
1915 flk 2 12n28w 11 1 1966 flk 1 2n8e 1 2

1916 flk 3 12n28w 12 1 1967 flk 3 2n8e 5 1

1917 flk 3 12n28w 12 1 1968 flk 2 2n8e 3 2

1918 deb 12n28w 12 1 1969 flk 1 2n8e 12 1

1919 nonart 12n28w 12 1 1970 flk 1 2n8e 15 1

1920 (1k 2 12n28w 13 1 1972 scraper 38s22w 7 1
1921 flk 2 12n28w 13 1 1913 ut 1k 3 38s22w 7 1

1922 flk 3 12n28w 13 1 19'74 flk 3 38s22w 7 1
1923 flk 2 12n28w 13 1 1915 flk 3 38s22w 9 1
1924 (1k 3 12fl28w 13 1 1976 ut (1k 3 j322W 9 1
1925 flk 2 12n28w 13 1 1971 flk 3 38s22w 10 1
1926 flk 3 12n28w 15 1 1978 ut flk 3 38s22w 10 1 P
1927 flk 3 12n28w 15 1 1979 flk 3 38s22w 10 1
1928 flk 3 12n28w 15 1 1980 flk 2 38s22w 10 1
1929 flk 2 12n28w 16 1 1981 ut f1k 3 38s22w 13 1
1930 flk 3 12n28w 16 1 1982 ut flk 2 38s22w 14 1
1931 flk 2 45s8e 3 1 1983 flk 2 38s22w 14 1

1932 flk 2 45s8e 3 1 1984 deb 38s22w 14 1
1933 flk 1 45s8e 3 1 1985 flk 3 38s22w 15 1

1934 f1k 1 45s8e 9 1 1986 deb 38s22w 15 1
1935 core 45s8e 13 1 1987 flk 3 38s22w 16 1
1936 flk 2 45s8e 13 1 1988 (1k 3 17n29w 5 1
1937 (ok 2 45s8e 13 1 1989 flk 2 1'n29w 5 1
1938 flk 2 46s18e 15 1 1990 deb 12n29w 5 1

1939 chopper 10n44w 14 1 1991 flk 17n29w 7 1

1940 ut flk 1 29n18e 1 1 1992 flk 17n29w 1

1941 ut f1k 2 29n18e 1 1 1993 ut flk 2 11n29w 7 1
1942 flk I 16n16e 5 1 1994 flk 3 17n29w j
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1995 flk 2 17n29w 6 1 2046 hs 17n33w 0 2

1996 flk 3 17n2w 6 1 2047 fik 1 17n3hw 0 1

1997 fik 2 17n29w 9 1 2048 deb 42s12w 2 1

1,)98 fik 2 17n29w 10 1 2C49 fik 3 42s12w 3 1

1999 fik 3 17n29w 3 1 2050 deb 42s12w 5 1

2000 flk 3 17n29w 8 1 2051 fik 1 42s12w 8 1

2001 fik 3 17n29w 7 1 2052 fik 1 42s12w 9 1

2002 deb 17n29w 10 1 2053 fik 2 2n12w 2 2

2003 core 17n29w 1 1 2054 fik 2 2n12w 3

2004 fik 3 17n29w 1 1 2055 deb 2n12w 7 1

2005 deb 17n33w 1 1 2056 ceram 2n12w 9 1

2006 core 17n33w 1 1 2057 fik 2 17n33w 0 1

2001 flk I 17n33w 1 2 2058 f1k 2 17n33w 0 2

2008 f1X 2 17n33w 1 3 2059 gs 18s12e 0 1

2009 fik 2 17n33w 2 1 2060 gs 18s12e 0 1

2010 flk 2 17n33w 2 1 2061 gs 13s12e 0 1

42011 fik 2 17n33w 3 1 2062 ut fik 2 10n44w 7 5

2012 scraper 17n33w 3 1 2063 fik 2 10n144w 9 1

2013 fik 2 17n33W 3 2 2064 core 10n44w 11 3

2014 fik 2 17n33w 4 1 2065 fik 2 10n44w 12 2

2015 fik 1 17n33w 4 2 2066 ut fUk 2 lOn44w 13 1

- 2016 deb 17n33w 5 1 2067 ut fUk 2 1On44w 114 2

2017 deb 17n33w 5 2 2068 ut fik 2 lOn44w 15 8

2013 fik 2 17n33w 6 2 2069 core lOn44w 16 1

2019 fik 2 17n33w 6 3 2070 nonart lOn44w- 16 1

2020 fik 3 17n33w 7 1 2071 scraper 1On44w 16 1

2021 fik 1 17n33w 8 1 2072 fik 1 22n58w 1 1

2022 fik 1 17n33w 8 4 2013 core 22n58w 4 2

2023 fIk 2 17n33w 9 1 2074 fk 2 22n58w 6

2024 fik 2 17n33w 9 3 2075 flk I 3n4e 16 1

2025 ut fik 2 17n33w 9 i 2076 flk 1 2n8e 1 1

2026 fik 2 17n33w 10 3 2077 core 2n8e 9 1

2027 flk 2 17n33w 11 2 2078 fik 3 20n22e 3 2

2028 fIk 2 17n33w 11 2 2019 fik 3 20n22e 9 2

2029 f1k 2 17n33w 12 2 2080 deb 20n22e 11 1

2030 test peb 17n33w 12 1 2081 fik 3 22n6w 1 1

2031 fik 1 17n33w 12 5 2082 core 22n6w 3 1

e622 core 17n33w 12 1 2083 core 22n6w )4 1

2033 nonart 17n33W 12 1 2084 flk 2 25n18e 6 I

- . 20314 fk 1 17n33w 13 1 2085 ut fik 2 25n13e 8 1

S' 2035 ut fik 3 17n33w 14 1 2086 f1k 1 25n18e 1) 1

2036 fUk 1 17n33w 10 1 2087 ut fUk 3 2Unlge 10 1

2037 fik 1 17n33w 15 1 2088 ut fik 2 25n18e 13 1

2038 fik 2 17n33w 15 6 2089 fik 2 25n18e 15 1

2039 core 17n33w 15 1 2090 obsidian 33s18w 9 1
.' 2'091) 1 l 38sl~w

o20', fik 2 17n33w 16 3 2 1f 3

2r)41 ut fik 3 17n33w 16 1 2092 fik 3 38318W 9 1

20U142 fik 2 17n33w 16 1 2093 fiR 3 38s18w 11 1

2043 fik 1 17n33w 16 2 2094 flk 1 38S18w 11 1

20'44 core 1'n33w 0 1 2095 fIk 3 25n18w 13 1

2045 fik 1 17n33w 0 2 2096 fik 3 38s18w 13 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2097 fik 2 38318W 13 1 21148 fik 2 17ii29w 5 1
2098 flk 3 38sl8w 114 1 21149 fik 3 17n29w 5 1
2099 flk 2 38318w 15 1 2150 ut flk I 17n29w 5 1
2100 ut f k 2n8e 6 1 2151 flk 2 17n29w 6 1
2101 ut flk 3 20n3e 0 1 2152 flk 3 17n29w 6 1
2102 ut fik 2 20n3e 0 1 2153 fik 3 17n29w 9 1
2103 fik 20n3e 6 1 21514 fik 2 17n29w 9 1
2104 fik 20n3e 13 1 2155 fik 3 17n29w 9 1
2105 fik 20n3e 114 1 2156 fik 3 17n29w 10 1
2106 fik 20n3e 114 1 2157 fik 3 17n2gw 13 1
2107 fik 20n3e 114 1 2158 fik 2 17n29w 13 1
2108 fik 3 5n314e 5 1 2159 fik 3 1*ln29w 13 1
2109 fik 2 5n314e 6 1 2160 flk 2 17ln29w 114 1
2110 bone 5n314e 9 1 2161 flk 3 17n29w 114 1
2111 fik 2 5n314e 9 1 2162 core 17n29w 114 1
2112 fik 3 5n314e 12 1 2163 deb 4s29w 11 1 '

2113 fik 1 l0sl14w 1 2 2164 fik 1 4s29w 11 1 :
21114 deb l0sl14w 2 1 2165 fLW 2 4s29w 11 1
2115 fik 2 10s114w 3 1 2166 fik 3 4s29w 11 1
2116 flk 2 10s114w 5 1 2167 flk 2 4s29w 11
2117 flk 1 l0sl14w 6 1 2168 fik 2 4s29w 11 1
211B fik 2 10s114w 8 2 2169 deb 4s29w 11 1
2119 obsidian l0sl14w 6 1 2170 core 4s29w 22 1
2120 fik 2 10sl4w 114 2 21'11 fik 2 4s29w 12 1
2121 flk 3 10sl14w 15 2 2172 fik 2 4s29w 12 1
2122 fik 3 lOsl14w 9 1 2173 fik 1 4s29w 12 1
2123 flk 2 17n33w 9 1 21714 fik 4s29w 12 1
21214 test peb 17n33w 9 1 2175 fik 2 4s29w 12 1
2125 fik 2 17fl33w 9 14 21716 fik 4s29w 12 1
2126 fik 2 17ln33w 10 1 2 1'11 fik 4s29w 12 1
2127 fik 3 17n33w 13 1 2178 fik 4s29w 12 1
2128 fik 1 17n33w 13 1 2179 fik 2 4s29w 12 1
2129 fik 1 17n33w 0 1 2180 scraper 4s29w 12 1
2130 hs 17n33w 0 1 2181 fik 1 4s29w 12 1
2131 flk 2 17n33w 0 1 2182 fik 3 4s29w 18 1
2132 flk 1 17n33w 0 1 2183 deb 4s29w 13 1
2133 ut flk 2 2s12w 0 2 2184 flk 2 4s29w 18 1
21314 flk 2 2s12w 5 1 2185 fik 2 4s29w 13 1
2135 flk 3 2s12w 5 1 2186 fik 1 4s29w 18 1
2136 ut fik 3 2s12w 5 1 2187 fik 3 4s29wi 18 1
2137 flk 2 231 2w 5 1 2188 flk 2 4s29w 18 1
2138 fik 3 2s12w 9 1 2189 deb 56s6w 3 1
2139 fik 2sl2w 13 1 2190 flk 2 56s6w 9 1
21140 Uk 2 l8sl2e 5 1 2191 fik 1 56s6w 9 1
21141 fik 3 18s12e 10 1 2192 fik 2 56s6w 10 1
21142 fik 1 18s12e 10 1 2193 fik 1 56s6w 12 3
21113 flk 3 18s12e 15 1 21914 Ulk 2 56s6w 114 1
211414 fik 2 l8sl2e 16 1215fk26sw6 1
21145 flk 2 17n29w 1 1 2196 flk 1 38s2w 14 1

214 U 1n9w5 12191 scrape 38s22w 14 1

21147 Uk 2 17n29w 5 1 2198 fik 1 3n14e 7 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2199 flk 3 3n4e 8 2 2250 chopper 15n53w 6 1

2200 ut flk 1 3n4e 15 1 2251 flk 2 15n53w 6 1

2201 flk 3 3n4e 15 2 2252 flk 2 15n53w 6 1

2202 ceram 3n4e 16 1 2253 flk 3 15n53w 6 1

2203 flk 3 15n53w 1 1 2254 flk 3 15n53w 6 1

2204 flk 3 15n53w 1 1 2255 Ulk 3 15n53w 6 1

2205 flk 3 15n53w 1 1 2256 flk 2 15n53w 6 1

2206 core 15n53w 1 1 225'f flk 2 15n53w 6 1

2207 flk 3 15n53w 1 1 2258 chopper 15n53w 6 1

2208 flk 2 15n53w 1 1 2259 flk 2 15n53w 7 1

2209 flk 3 15n53w 1 1 2260 deb 15n53w 7 1

2210 flk 3 15n53w 1 1 2261 flk 1 15n53w 7 1

2211 Elk 3 15n53w 1 1 2262 flk 2 15nSw 7 1

2212 deb 15n53w 1 1 2263 flk 3 15n53w 7

2213 ut fik 2 15n53w 2 1 2264 flk 3 15n53w 7 1

2214 flk 3 15n53w 2 1 2265 flk 3 15n53w 7 1

2215 flk 3 15n53w 2 1 2266 flk 3 15n53w. 7 1

2216 flk 2 15n53w 2 1 2267 flk 3 15n53w 7 1

2217 flk 2 15n53w 2 1 2268 flk 2 15n53w 7 1

2218 flk 2 15n53w 2 1 2269 flk I 15n53w 7

2219 flk I 15n53w 2 1 2270 flk 2 15n53w 7 1

2220 flk 2 15n53w 2 1 2271 ut flk 2 15n53w 8 1

2221 flk 2 15n53w 2 1 2272 deb 15n53w 8 1

2222 flk 2 15n53w 2 1 2273 flk 2 15n5Jw 8 1

2223 flk 3 15n53w 2 1 2274 flk 3 15n53w 8 1

2224 flk 2 15n53w 2 1 2275 flk I 15n53w 8 1

2225 chopper 15n53w 2 1 2276 flk I 15n53w 8 1

2226 scraper 15n53w 2 1 2277 flk 2 15rn53w 8 1

2227 core 15n53w 2 1 2278 flk 2 15n53w 8 1

2228 flk 3 15n53w 2 1 2279 flk 2 15n53w 10 1

2229 nonart 15n53w 2 1 2280 flk 1 15n53w 10 1

2230 deb 15n53w 3 1 2281 flk 2 15n53w 10 1

2231 flk 3 15n53w 2 1 2282 ut flk 1 15n53w 10 1

2232 core 15n53w 2 1 2283 flk 3 15n53w 11 1

2233 core 15n53w 3 1 2284 flk 3 15n53w 11 1

2234 flk 3 15n53w 4 1 2285 flk 3 15n5jw 11

2235 flk 2 15n53w 4 1 2286 Elk 3 15n53w 11 1

2236 Elk I 15n53w 4 1 2287 core 15n53w 11

2237 flk 2 15n53w 4 1 2288 Elk 3 15n53w 12 1

2238 flk 3 15n53w 4 1 2289 flk 2 15n53w 12 1

2239 Elk 1 15n53w 4 1 2290 flk 2 15n53w 12 1

2240 flk 3 15n53w 4 1 2291 deb 15n53w 13 1

2241 flk 3 15n53w 4 1 2292 flk 3 15n53w 13 1

2242 deb 15n53w 4 1 2293 deb 15n55w lI 1

2243 flk 2 15n53w 4 1 2294 Elk 3 15n53w 114 1

2244 obsidian 0 1 2295 ut chunk 15n5jw 14 1

22115 flk 2 15n53w 5 1 2296 flk 3 1ln53W 1! 

2246 flk 3 15n53w 5 1 229'! flk j 15n53w I. 1

2247 scraper 15n53w 5 1 2298 flk 2 15n53w 15 1

22148 flk 2 15n53w 5 1 2299 flk 15n5Jw 15 1

2249 flk 2 15n53w 5 1 2300 flk 3 15n53w lb 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2301 flk 3 15n53w 16 1 2352 flk 3 12n28w 2 1
2302 rlk 2 15n53w 16 1 2353 deb 12n28w 2 1
2303 flk 3 15n53w 16 1 2354 deb 12n28w 2 1
2304 flk 1 15n53w 16 1 2355 flk 3 12n28w 2 1
2305 flk 3 24s32e 6 1 2356 flk 2 12n28w 2 1
2306 flk 3 24s32e 8 1 2357 flk 2 12n23w 2 1
2307 flk 3 24s32e 10 1 2358 flk I 12n28w 2 1
2308 flk 3 24s32e 11 1 2359 core 12n28w 2 1
2309 flk 1 24s32e 16 1 2360 flk 2 12n28w 3 1
2310 flk 3 38s14e 1 1 2361 flk 3 12n28w 3 1
2311 flk 2 38s14e 3 1 2362 flk 2 12n28w 3 1
2312 flk 3 38s14e 6 1 2363 deb 12n28w 3 1
2313 flk 3 38s14e 8 1 2364 ut flk 2 12n28w 3 1
2314 flk 3 17n33w 0 2 2365 flk 2 12n28w 3 1
2315 core 17n33w 0 1 2366 flk 2 12n28w 3 1
2316 flk 2 17n33w 0 3 2367 flk 3 12n28w 3 1
2317 flk I 17n33w 0 1 2368 flk 3 12n28w 3 1
2318 core 17n33w 0 1 2369 flk 2 12n28w 3 1
2319 flk 1 2nBe 11 1 2370 flk I 12n28w 3 1
2320 fik 1 24s46e 1 1 2371 core 12n23w 3 1
2321 core 24s46e 1 1 2372 flk 2 12n28w 4 1
2322 flk 3 60s6e 2 1 2373 flk 3 12n28w 4 1
2323 flk 2 60s6e 3 1 2374 flk 2 12n28w 4 1
2324 core 10s14w 1 2 2375 ut flk 1 12n28w 4 1
2325 test peb 10s14w 2 1 2376 flk 3 12n28w 4 1
2326 flk 2 10sl14w 5 3 2317 flk 3 12n28w 4 1
2327 nonart 10sl4w 5 1 2378 flk 2 12n28w 5 1
2328 flk 1 10s14w 7 1 2379 flk 3 12n28w 5 1
2329 flk 2 10s14w 10 3 2380 flk 2 12n28w 5 1
2330 core 10s14w 11 1 2381 flk 2 12n28w 5 1
2331 nonart 10sl14w 12 1 2382 flk 2 12n28w 5 1
2332 flk 2 10sl14w 13 1 2383 flk 2 12n28w 5 1
2333 flk 2 10s14w 14 1 2384 flk 2 12n28w 5 1
2334 flk 2 10sl4w 15 2 2385 nonart 12n23w 5 1
2335 scraper 10s14w 10 2 2386 flk 2 12n28w 6 1
2336 hs 12n28w 1 1 2387 flk 2 12n28w 6 1
2337 flk 2 12n28w 1 1 2388 ut flk 2 12n28w 6 1
2338 flk 2 12n28w 1 1 2389 flk 2 12n28w 6 1
2339 flk 1 12n28w 1 1 2390 flk 3 12n28w 6 1
23140 flk 2 12n28w 1 1 2391 flk 3 12n28w 6 1
2341 flk 2 12n28w 1 1 2392 flk 3 12n28w 6 1
2342 flk 2 12n28w 1 1 2393 flk 3 12n28w" 6 1
2343 flk 3 12n28w 1 1 2394 flk 3 12n28w 6 1
2344 flk 3 12n28w 1 1 2395 flk 2 12n28w 6 1
2345 flk 3 12n28w 1 1 2396 flk 3 12n28w 6 1
2316 flk 2 12n28w 1 1 239f fUk 3 12n28w 7 1
2j47 flk 3 12n28w 1 1 2398 flk 3 12n28w 7 1
2348 deb 12n28w 2 1 2399 flk 1 12n28w 7 1
23149 flk 3 12n28w 2 1 2400 flk 2 12n28w 7 1
2350 flk 2 12n28w 2 1 2401 flk 3 12n23w 7 1
2351 flk 3 12n28w 2 1 2402 flk 2 12n28w 7 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2403 (1k 1 1 2n28w 7 1 2454 (1k 2 12n28w 12 1

2404 f1k 2 12n28w 7 1 2455 fik 2 12n28w 12 1

2405 ut core 12n28w 7 1 2456 (1k 2 12n28w 12 1

2406 f1k 2 12n28w 7 1 2451 f1k 2 12n28w 13 1

2407 fik 2 12n28w 7 1 2458 fik 3 12n28w 13 2

2408 fik 3 12n28w 7 1 2459 core 12n28w 13 1

2409 deb 12n28w 7 1 2460 flk 3 12n28w 13 1

2410 (1k 2 12n28w 7 1 2461 (1k 3 12n28w- 13 1

2411 (1k 2 12n28w 7 1 2462 (1k 3 12n28w 13 1

2412 (1k 3 12n28w 7 1 2463 test peb 12n28w 14 1

2413 (1k 2 12n28w 7 1 2464 (1k 3 12n28w 14 1

2414 (1k 2 12n28w 7 1 2465 (1k 3 12n28w 15 1

2415 f1k 3 12n28w 8 1 2466 (1k 2 12n28w 15 1

2416 (1k 2 12n28w 8 1 2467 (1k 1 12n28w 15 1

2417 fik 3 12n28w 8 1 2468 (1k 2 12n28w 15 1

2418 (1k 2 12n28w 8 1 2469 (1k 1 12n28w 15 1

2419 fik 2 12n28w 8 1 24710 (1k 3 12n28w 16 1

21420 (1k 3 12n28w 9 1 24-11 (1k 3 12n28w 16 1

2421 (1k 2 12n28w 9 1 2472 core 12n28w 16 1

2422 nonart 12n23w 9 1 2473 (1k 2 12n28w 16 1

2423 (1k 2 12n28w 9 1 2474 (1k 2 12n28w 16 1

2424 ut chunk 12n28w 9 1 2475 (1k 3 12n28w 16 1

2425 deb 121i28w 9 1 2476 ut core 12n28w 16 1

2426 (1k 3 12n28w 9 1 2477 (1k 3 12n28w 16 1

2427 (1k 3 12n28w 9 1 2478 nonart 7s40w 1 1

2428 (1k 1 12n28w 9 1 2479 flk I 7s4JOw 1 1

2429 (1k 3 12n28w 9 1 21480 (1k 3 7s40w 2 2

2430 ut (1k 2 12n28w 9 1 2481 core 7s40w 2 1

2431 hs 12n28w 9 1 2482 (1k 1 7s40w 2 2

2432 hs 12n28w 10 1 2483 test peb 73110w 3 1

21433 ut (1k 1 12n28w 10 1 2484 (1k 2 7s40w 3 1

2434 (1k 2 12n28w 10 1 2485 (1k 1 's40w 3 3

21435 fik 3 12n28w 10 1 2486 (1k 1 7s40w 3 1

2436 (1k 3 12n28w 10 1 2481 ang deb 7s40w 3 1

24137 ut core 12fl28w 10 1 2488 (1k 2 7s40w 4 1

2438 (1k 1 12n28w 10 1 2489 (1k 1 'fs40w 4 1
21439 flk 2 12n28w 10 1 2490 (1k 2 7s40w 4 1
24140 core 12n28w 10 1 2491 (1k 2 7s40w 4 3

24141 f1k 3 12r128w 10 1 24192 (1k 1 7s40w 5 1

21142 (1k 3 12n28w 10 1 2493 (1k 2 7s40w 6 1

2443 (1k 3 12n28w 10 1 21494 (1k 2 7s40w 6 1

24144 (1k 2 12n28w 11 1 2495 (1k 3 7s40w 7 1

2445 (1k 2 12n28w 11 1 2496 fik 1 7s40w 7 1

2446 (1k 2 12n28w 11 1 2491( (1k 3 7s40w 8 1

24147 (1k 3 12n28w 11 1 2498 hs 7s40w 8 1

2448 (1k 3 12ri28w 11 1 2499 (1k 2 '(s40w 8 2

24149 (1k 1 12n28w I11 1 2500 core 7s40w 8 1
2450 ut (1k 2 12n28w 12 1 2501 (1k 3 7s40w 9 1

2451 (1k 1 12n28w 12 1 2502 ut (1k 2 7s4Uw 9 1
2452 ut (1k 2 12n28w 12 1 2503 (1k 2 7s40w 9 1

21453 (1k 2 12n28w 12 2 2504 core 7s40w 9 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD sUBUNIT QTY

2505 flk 1 7s40w 10 1 2555 test peb 15n53w 1 1

2506 flk 2 7s40w 10 4 2556 fik 2 15n53w 2 1

2507 flk 2 7s40w 11 1 2557 flk 3 15n53w 2 1

2508 fUk 1 7s40w 11 1 2558 deb 15n53w 5 1

2509 flk 1 7s40w 12 1 2559 flk 2 15n53w 5 1

2510 fik 2 7s40w 12 2 2560 flk 3 15n53w 5 1

2511 fUk I 7s40w 13 1 2561 test peb 15n53w 5 1
2512 fik 2 7s4Ow 13 4 2562 flk 2 15n53w 5 1

2513 flk 2 7s40w 13 1 2563 test peb 15n53w 6 1

2514 hs 7s40w 14 2 2564 fUk 2 15n53w 6 1

2515 fik 1 7s40w 14 1 2565 fUk 3 15n53w 6 1

2516 fUk 1 7s40w 15 1 2566 deb 15n53w 6 1

2517 core 7s40w 15 3 2567 flk I 15n53w 9 1

2518 obsidian 7s4w 15 1 2568 deb 15n53w 8 1

2519 flk I 7s40w 15 1 2569 fik 3 15n53w 9 1

2520 fik 1 7s4Ow 16 1 2570 fUk 3 15n53w 10 1

2521 fik 1 7s40w 16 2 2571 core 15n53w 10 1

2522 fUk 2 47sle 4 I 2572 core 15n53w 10 1

2523 flk 1 47sle 14 1 2573 core 15n53w 10 1

2524 scraper 0 1 2574 fik 2 15n53w 10 1

1971 scraper 0 1 2575 flk 3 15n53w 10 1

2525 fik 3 4s29w 14 1 2576 fUk 2 15n53w 11 1
2526 fik 1 4s29w 14 1 2577 core 15n53w 11 1
2527 fUk 2 4s29w 15 1 2578 fik 2 15n53w 11 1

2528 flk 4s29w 15 1 2579 fUk 3 15n53w 11 1

2529 flk 2 4s29w 16 3 2580 core 15n53w 12 1

2530 deb 4s29w 16 1 2581 deb 15n53w 12 1
2531 gs 4s29w 20 1 2582 fIk 2 15n53w 12 1

2532 flk 3 4s29w 20 1 2583 fUk 3 15n53w 12 1

2533 gs 4s29w 20 1 2584 deb 15n53w 13 1

2534 fUk 4s29w 21 1 2585 fik 3 15n53w 13 1

2535 fUk 3 4s29w 22 1 2586 fUk 3 15n53w-. 13 1

2536 fik 3 4s29w 23 1 2587 fik 3 15n53w 13 1

2537 core 4s29w 26 1 2588 fUk 2 15n53w 13 1
2538 gs 4s29w 26 1 2589 deb 15n53w 13 1
2539 core 4s29w 26 1 2590 fUk 2 15n53w 14 1
2540 fUk 2 4s29w 26 1 2591 fUk 2 15n53w 14 1
2541 deb 4s29w 26 2 2592 flk 2 15n53w 14 1
2542 chopper 4s29w 27 1 2593 ut flk 2 15n53w 14 1
254.3 flk 3 4s29w 28 2 2594 fik 2 15n53w 14 1
2544 deb 4s29w 29 6 2595 test peb 15n53w 14 1
2545 fik 3 4s29w 29 1 2596 fUk 3 15n53w 14 I
2546 fik 2 4s29w 32 1 2597 fik 2 15n53w 14 1
2541 core 4s29w 32 1 2598 fik 3 15n53w 14 1

2548 deb 4s29w 33 2 2599 flk 3 15n53w 14 1
2549 deb 4s29w 33 2 2600 deb 15n53w 14 1
2550 fik I 4s29w 4 1 2601 deb 15n53w 15 1
25',1 deb 4s29w 35 1 2602 deb 15n53w 15 1
2552 gs 4s29w 35 1 2603 nonart 15n53w 15 1
2553 fUk 2 4s29w 35 1 2604 fik 3 15n53w 15 1
2554 fik 3 15n53w 1 1 2605 fUk 3 15n53w 15 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2606 rlk 2 15n53w 15 1 2657 flk 3 2s21w 5 1

2607 flk 2 15n53w 15 1 2658 flk 3 2s21w 5 1

2608 flk I 15n53w 15 1 2659 flk 2 2s21w 5 1

2609 core 15n53w 15 1 2660 flk 2 2s21w 5 1

2610 deb 15n53w 15 1 2661 flk 2 2s21w 5 1

2611 min 15n53w 15 1 2662 flk 3 2s21w 5 1

2612 deb 15n53w 15 1 2663 flk 1 2s21w 5

2613 flk 2 15n53w 15 1 2664 flk 2 2s21w 5 1

2614 flk 3 15n53w 16 1 2665 flk 3 2s21w 6 1

2615 flk 2 15n53w 16 1 2666 flk 2 2s21w 6 1

2616 deb 15n53w 16 1 2667 flk 3 2s21w 6 1

2617 flk 2 15n53w 16 1 2668 flk 2 2s21w 6 1

2618 deb 15n53w 16 1 2669 flk 3 2s21w 6 1

2619 flk 3 15n53w 16 2 2670 flk 2 2s21w 7 1

2620 flk 3 15n53w 16 1 2671 flk 2 2s21w 7 1

2621 core 56s6w 1 3 2672 flk 3 2s21w 7 1

2622 deb 56s6w 7 1 2673 hs 2s21w 9 1

2623 flk 1 56s6w 14 3 2614 flk 3 2s21w 9 1

2624 flk 2 56s6w 15 3 2675 flk 2 2s21w 9 1

2625 flk 2 2s21w 2 1 2676 core 2s21w 9 1

2626 flk 3 2s21w 2 1 2677 flk 2 2s21w 9 1

2627 flk 2 2s21w 2 1 2678 flk 3 2s21w 9 1

2628 flk 1 2s21w 2 1 2679 flk 2 2s21w 9 1

2629 flk 3 2s21w 2 1 2680 flk 3 2s21w 9 1

2630 flk 2 2s21w 2 1 2681 flk 2 2s21w 9 1

2631 flk 2 2s21w 2 1 2682 flk 2 2s21w 9 1

2632 flk 3 2s21w 2 1 2683 flk 3 2s21w 9 1

2633 flk 2 2s21w 2 1 2684 flk 3 2s21w 9 1

2634 gs 2s21w 2 1 2685 flk 3 2s21w 9 1

2635 flk 1 2s21w 2 1 2686 flk 2 2s21w 9 1

2636 flk 2 2s21w 2 1 2687 flk 3 2s21w 9 1

2637 fik 2 2s21w 2 1 2688 fik 2 2s21w 9 1

2638 flk 3 2sa21w 2 1 2689 fUk 2 2s21w 9 1

2639 chopper 2s21w 1 1 2690 flk 2 2s21w 9 1

2640 core 2s21w 3 1 2691 flk 2 2s21w 9 1

2641 flk 2 2s21w 3 1 2692 flk 1 2s21w 9 1

2642 flk 2 2s21w 3 1 2693 flk 2 2s21w 9 1

2643 flk 2 2s21w 3 1 2694 flk 2 2s21w 9 1

2644 flk 2 2s21w 3 1 2695 flk 3 2s21w 9 1

2645 core 2s21w 3 1 2696 flk 3 2s21w 9 1

2646 flk 3 2s21w 3 1 2697 flk 3 2s21w 9 1

2647 flk 3 2s21w 3 1 2698 fik 3 2s21w 9 1

2648 flk 2s21w 3 1 2699 flk 2 2s21w 9 1

2649 flk 2s21w 3 1 2100 flk 3 2s21w 9 1

2650 flk 3 2s21w 3 1 2701 flk 3 2s21w 9 1

2651 flk 3 2s21w 3 1 2102 fik 2 2s21w 10 1

2652 core 2s21w 5 1 2103 flk 3 2s21w 10 1

2653 gs 2s21w 5 1 2104 flk 2 2S21w 10 1

2654 flk 3 2s21w 5 1 2705 flk 2 2s21w 10 1

2655 flk 2 2s21w 5 1 2706 flk 2 2s21w 10 1

2656 flk 2 2s21w 5 1 2707 fik 3 2s21w 10 1
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2708 ang deb 2s21w 10 1 2759 flk 3 23s20w 2 1
2709 flk 2 2s21w 10 2 2760 ut flk 3 23s20w 11 1
2710 flk 2 2s21w 11 1 2761 flk 3 23s20w 11 1
2711 flk 3 2s21w 11 1 2762 core 23s20w 12 1
2712 fik 2 2s21w 11 1 2763 flk 3 23s20w 12 1
2713 fUk 2 2s21w 11 I 2764 flk 3 23s20w 12 1
2714 fIk 3 2s21w 12 1 2765 core 23s20w 16 1
2115 fIk 3 2s21w 12 1 2766 core 2s21w 0 1
2716 flk 3 2s21w 12 1 2767 gs 2s21w 0 1 A

2717 flk 3 2s21w 12 1 2768 gs 2s21w 0 1
2718 Uk 2 2s2lw 13 1 2769 flk 3 2s21w 1 1
2719 core 2s21w 13 1 2769 fik 2s21w 1 I
2720 flk 3 2s21w 13 1 2770 flk 1 2s21w 1 1
2721 flk 2s21w 13 1 2771 Uk 2s21w 4 1
2722 fik 2 2s21w 13 1 2772 flk 2 2s21w 4 1
2723 flk 1 2s21w 13 1 2113 flk 3 2s21w 4 1
2724 fossil 2s21w 13 1 2774 flk 1 2s21w 4 1
2725 ang deb 2s21w 13 1 2775 fik 3 2s21w 4 1
2726 flk 3 2s21w 13 1 2776 flk 2 2s21w 4 1
2727 flk 3 2s21w 1 1 2777 flk 2 2s21w 4 1
2728 flk 3 2s21w 13 1 2778 flk 3 2s21w 4 1
2729 flk 3 2s21w 13 1 2779 flk 1 2s21w 4 1
2730 scraper 2s21w 13 1 2780 core 2s21w 4 1
2731 flk 2 2s21w 13 1 2781 flk 3 2s21w 4 1
2732 flk 2 2s21w 13 1 2782 flk 2 2s21w 5 1
2733 flk 3 2s21w 13 1 2783 flk 2 2s21w 5 1
2734 flk 2 2s21w 13 1 2784 flk 3 2s21w 8 1
2735 flk 2 2s21w 13 1 2785 flk 3 2s21w 8 1
2736 scraper 2s21w 14 1 2786 flk 2 2s21w 8 1
2737 flk 3 2s21w 14 1 2787 flk 2 2s21w 8 1
2738 flk 2 2s21w 14 1 2788 flk 2 2s21w 8 1
2739 flk 3 2s21w 15 1 2789 flk 3 2s21w 8 1
2740 flk 3 2s21w 15 1 2790 flk 3 2s21w 8 1
2741 flk 2 2s21w 15 1 2791 flk 2 2s21w 8 1
2742 flk 2 2s21w 15 1 2792 flk 3 2s21w 8 1
27143 flk 2 2s21w 15 1 2793 flk 3 2s21w 9 1
2744 flk 3 2s21w 15 1 2794 flk 2 2s21w 9 1
2-145 flk 3 2s21w 15 1 2795 deb 2s21w 9 1
2746 flk 2 2s21w 16 1 2796 fUk I 2s21w 9 1
21147 flk 3 2s21w 1 1 2197 flk 2 2s21w 9 1
27148 flk 2 2s21w 1 1 2798 flk 3 2s21w 9 1
27149 flk 3 2s21w 1 1 2799 flk 3 2s21w 13 1
2750 gs 47sle 10 1 2800 flk 3 2s21w 13 1
2751 core 47sle 6 1 2801 flk 1 2s21w 13 1
2752 flk 3 47sle 6 1 2802 flk 1 2s21w 13 1
2753 nonart 47sle 6 1 2803 fik 2 2s21w 16 1
2754 deb 47sle 8 1 2804 fUk 3 2s21w 16 1
2755 fik 2 47sle 8 1 2805 flk 2 2s21w 16 1
2756 test peb 47sle 11 1 2806 flk 3 2s21w 16 1
2751 gs 47sle 13 1 2807 flk I 2s21w 16 1
2758 flk 47s1e 7 1 2808 ut flk 2 42n39w 3 1

441

%.~ ' 5 V~5 ~ f ~ ~ C...'. s\~~ * .~



CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2809 flk 2 42n22w 3 1 2860 flk 1 lOn38w 2 1

2810 fik 3 42n22w 4 1 2861 deb 10n38w 3 1

2811 ut fik 12n39w 7 1 2862 flk 2 10n38w 4 1

2812 flk 2 42n22w 10 1 2863 flk 2 lOn38w 4 1

2813 flk 3 42n22w 10 1 2864 core 10n38w 5 15

2814 ut flk 1 42n39w 11 1 2865 flk 2 10n38w 5 2

2815 test peb 10n44w 1 7 2866 ut flk 3 10n38w 6 1

2816 ut flk 1 l0n44w 1 1 2867 fik 1 10n38w 6 1

2817 core 10n44w 1 1 2868 flk 1 10n38w 7 1

2818 ut flk 1 I0n44w 2 2 2869 flk 2 lOn38w 8 4

2819 flk 1 10n44w 2 6 2870 flk 2 23n33w 1 1

2820 flk 1 10n44w 3 3 2871 flk 2 23n33w 2 1

2821 ut flk 2 10n44w 3 2 2872 flk 1 23n33w 5 1

2822 flk 1 42n22w 4 1 2873 flk 3 23n33w 5 1

2823 ut flk 2 10n44w 4 8 2874 deb 23n33w 6 1

2824 ut flk 1 10n44w 4 1 2875 flk 1 23n33w 9 1

2825 core 10n44w 4 6 2876 flk 2 23n33w 9 1

2826 ut flk 2 10n44w 5 1 2871 flk 3 23n33w 13 1

2827 ut flk 1 10n44w 5 9 2878 flk 3 23n33w 13 1

2828 core 10n44w 6 8 2879 deb 23n33w 16 1

2829 core 10n44w 6 13 2880 flk 2 23n33w 16 1

2830 ut flk 1 10n44w 7 2 2881 flk 3 20n3e 1 1

2831 test peb 10n44w 7 1 2882 flk 3 20n3e 2 1

2832 core 10n44w 8 14 2883 flk 3 20n3e 2 1

2833 flk I 10n44w 8 ' 2884 flk 3 20n3e 2 1

2834 core 10n44w 8 1 2885 flk 3 20n3e 2 1

2835 fik 1 10n44w 9 1 2886 fUk 2 20n3e 3 1 V-

2836 ut flk 1 10n44w 9 1 2881 flk 2 20n3e I 1

2837 ut flk 1 10n44w 9 2 2888 flk 3 20n3e 7 1

2838 flk 1 10n44w 11 2 2889 flk 3 20n3e 7 1

2839 core 10n44w 12 10 2890 flk 3 20n3e 7 1

2840 flk 2 10n44w 13 4 2891 flk 1 20n3e 7 1

2841 flk 2 10n44w 14 10 2892 flk 1 20n3e 11 1

2842 test peb 10n44w 15 7 2893 flk 3 20n3e 11 1

2843 flk 1 10n44w 16 3 2894 flk 3 20n3e 11 1

2844 ut flk 0 1 2895 flk 3 20n3e 11 1

2845 flk 2 0 1 2896 flk 3 20n3e 11 1

2846 fik 2 0 1 2897 ceram 20n3e 12 1

2847 hs 0 1 2898 flk 20n3e 12 1

2848 flk 3 46s3w 5 1 2899 flk 2 20n3e 15 1

2849 flk 3 46s3w 5 1 2900 fik 1 20n3e 15 1

2850 flk 3 4633w 6 1 2901 flk 2 20n3e 25 1

2851 ut flk 3 46s3w 6 1 2902 flk 2 20n3e 16 1

2852 flk 3 46s3w 9 1 2903 fik 3 20n3e 16 1

2853 flk 1 46s3w 11 1 2904 flk 2 20n3e 16 1

2854 hs 46s3w 12 1 2905 flk 3 20n3e 16 1

2855 flk 2 46s3w 15 1 2906 flk 3 20n3e 16 1

2856 flk 2 47sle 7 1 2907 ut flk 2 10n38w 1 1

2857 flk 2 10n38w 1 4 2908 ut flk 2 10n38w 2 1

2858 ut flk 2 10n38w 1 1 2909 flk 2 10n38w 3 3

2859 fik 2 10n38w 2 1 2910 ut flk I 10n38w 4 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2911 fik 2 10n38w 6 2 2962 fik 2 10n38w 14 1
2912 flk 2 10n38w 7 2 2963 flk 2 10n38w 15 4
2913 deb 10n38w 7 1 2964 ut flk 2 10n38w 16 1

2914 ut f1k 2 10n38w 8 1 2965 f1k 1 10n38w 16 1
2915 flk 2 10n38w 10 2 2966 flk 2 16n18w 3 1
2916 ut flk 2 10n38w 10 1 2961 point 16n18w 2 1

2917 flk 2 10n38w 11 3 2968 Elk 1 16n18w 6 1
2918 ut (1k 2 10n38w 12 1 2969 flk 2 16n18w 8 1

2919 ut f1k 2 10n38w 12 1 2910 flk 3 16nlBw 8 1

2920 flk 1 10n38w 13 1 2911 flk 3 16nl3w 11 1

2921 ut flk 2 10n38w 13 1 2972 f1k 2 16n18w 16 1

2922 ut flk 2 10n38w 14 1 2913 flk 2 16n18w 4 1

2923 flk 2 10n38w 14 9 2974 flk 2 16n18w 4 1

2924 ut flk 1 10n38w 15 1 2915 flk 2 16n13w 6 1

2925 ut core 10n38w 15 1 2976 flk 2 16n18w 11 1
2926 ut flk 2 10n38w 16 1 2977 flk 2 16n18w 12 1
2927 ut flk 10n38w 13 1 29(8 flk 1 16n18w 12 1
2928 ut core 10n38w 1 1 2979 flk 2 16n13w 12 1
2929 ut flk 10n38w 1 7 2980 flk 2 16n18w 12 1
2930 core 10n38w 2 5 2981 flk 16n13w 14 1
2931 flk 1 10n38w 2 1 2982 flk 2 16n18w 15 1

2932 flk 2 10n38w 3 3 2983 hist 16n18w 15 1

2933 scraper 10n38w 3 1 2984 (1k 1 16n18w 13 1

2934 core 10n38w 3 1 2985 flk 3 16n18w 1 1

2935 ut core 10n38w 4 1 2986 flk 3 16n18w 6 1

2936 core 10n38w 5 10 2987 flk 2 16n18w 8 1

2937 flk 2 10n38w 6 2 2988 flk 2 16n18w 8 1

2938 ut flk 2 10n38w 7 1 2939 flk 3 16n18w 8 1

2939 ut core 10n38W 7 1 2990 flk 2 16n18w 12 1

2940 ut flk 1 10n38w 8 1 2991 flk 2 16n18w 12 1

2941 flk 2 10n38w 9 3 2992 flk 2 16n18w 13 1
2942 flk 1 10n38w 9 1 2993 ut core 16n18w 16 1
2943 flk 2 10n38w 9 1 2994 ut flk 1 16n18w 16 1
2944 blade 10n38w 9 1 2995 flk 2 16n18w 9 1
2945 flk 1 10n38w 10 1 2996 pestle 16n18w 10 1
2946 core 10n38w 10 1 2997 flk 3 2s21w 1 1
2947 flk 2 10n38w 10 3 2998 flk 2 2s21w 1 1
2948 flk 2 10n38w 10 4 2999 flk 2 2s21w 1 1
2949 core 10n3ow 11 1 3000 flk 3 2s21w 1 1
2950 ut flk 1 10n38w 11 1 3001 flk 2 2s21w 1 1
2951 flk 2 10n38w 12 5 3002 flk 3 2s21w 2 1
2952 core 10n38w 13 0 3003 flk 2 2s21w 2 1
2953 test peb 10n38w 14 7 3004 flk 3 2s21w 2 1
2954 flk 1 10n38W 15 1 3005 flk 2 2s21w 2 1
2955 flk 3 10n38w 16 2 3006 flk 2 2s21w 2 1
2956 core 10n38w 7 10 3007 core 2s21w 2 1
2957 core 10n38W 7 1 3008 flk 2 2s21w 2 1
2958 flk 2 10n38w 8 1 3009 test peb 2s21w 2 1
2959 flk 1 10n38w 9 1 3010 flk 2 2s21w 3 1
2960 flk 2 10n38w 11 4 3011 flk 2 2s21w 3 1
2961 flk 2 10n38W 12 2 3012 flk 3 2s21w 3 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO I'Em QUAD SUBUNIr QTY

3013 flk 3 2s21w 3 1 3064 flk 2 2s21w 8 1

3014 flk 2 2s21w 3 1 3065 flk 2 2s21w 8 1

3015 flk 1 2s21w 3 1 3066 ang deb 2s21w 8 1

3016 ut flk 2s21w 3 1 3067 flk 2 2s21w 8 1

3017 flk 2 2s21w 3 1 3068 flk 2 2s21w 8 1

3018 flk 3 2s21w 4 1 3069 flk 3 2s21w 8 1

3019 flk 3 2s21w 4 1 300 flk 3 2s21w 81

3020 flk 2 2s21w 4 1 3071 flk 3 2s21w 8 1

3021 ang deb 2s21w 4 1 3072 ut chunk 2s21w 10 1

3022 flk 2 2s21w 4 1 3073 flk 2 2s21w 10 1

3023 ang deb 2s21w 4 1 3074 flk 3 2s21w 10 1

3024 flk 2 2s21w 4 1 3075 flk 3 2s21w 10 1

3025 flk 1 2s21w 4 1 3076 flk 2 2s21w 10 1

3026 flk 1 2s21w 4 1 3077 flk 2 2s21w 10 1

3027 flk 2 2s21w 4 1 3078 flk 3 2s21w 10 1

3028 fik 3 2s21w 4 1 3079 flk 3 2s21w 10 1

3029 fik 2 2s21w 4 1 3080 flk 3 2s21w 10 1

3030 flk 3 2s21w 4 1 3081 fUk 3 2s21w 10 1

3031 flk 2 2s21w 4 1 3082 flk 2 2s21w 10 1

3032 flk 2 2s21w 4 1 3083 flk 1 2s21w 10 1

3033 flk 3 2s21w 4 1 3084 flk 3 2s21w 10 1

3034 test peb 2s21w 4 1 3085 flk 2 2s21w 10 1

3035 scraper 2s21w 6 1 3086 flk 2 2s21w 10 1

3036 flk 3 2s21w 6 1 3087 fIk 2 2s21w 10 1

3037 flk 1 2s21w 6 1 3088 flk 2 2s21w 10 1

3038 flk 3 2s21w 6 1 3089 flk 2 2s21w 10 1

3039 flk 2 2s21w 6 1 3090 flk 3 2s21w 10 1

3040 flk 2 2s21w 6 1 3091 flk 3 2s21w 11 1

3041 flk 3 2s21w 6 1 3092 U1k 3 2s21w 11 1

3042 flk 2 2s21w 6 1 3093 flk 1 2s21w 11 1

3043 flk 3 2s21w 6 1 3094 flk 2 2s21w 11 1

30144 flk 2 2s21w 6 1 3095 flk 2 2s21w 11 1

3045 flk 3 2s21w 6 1 3096 flk 2 2s21w 11 1

3046 flk 1 2s21w 7 1 3097 flk 3 2s21w 11 1

3047 core 2s21w 7 1 3098 flk 2 2s21w 11 1

3048 flk 3 2s21w 7 1 3099 flk 2 2s21w 11 1

3049 ang deb 2s2lw 7 1 3100 flk 2 2s21w 11 1

3050 fik 3 2s21w 7 1 3101 flk 3 2s21w 11 1

3051 flk 2 2s21w 7 1 3102 flk 3 2s21w 11 1

3052 flk 2 2s21w 7 1 3103 flk 2s21w 11 1

3053 fik 3 2s21w 7 1 3104 flk 3 2s21w 11 1

30514 flk 3 2s21w 7 1 3105 scraper 2s21w 11 1

3055 flk 2 2s21w 7 1 3106 flk 2 2s21w 12 1

3056 fik 3 2s21w 7 1 3101 flk 2 2s21w 12 1

3057 flk 3 2s21w 7 1 3108 Ulk 2 2s21w 12 1

3058 flk 2 2s21w 7 1 3109 fik 1 2s21w 12 I

3059 Ulk 2 2s21w 7 1 3110 fUk 2 2s21w 12 1

3060 flk 2s21w 7 1 3111 flk 2 2s21w 12 1

3061 flk 3 2s21w 8 1 3112 flk 3 2s21w 12 1

3062 flk 2 2s21w 8 1 3113 flk 3 2s21w 12 1

3063 flk 2 2s21w 8 1 3114 flk 1 2s21w 12 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3115 flk 3 2s21w 12 1 3166 fUk 2 2s21w 15 1
3116 flk 3 2s21w 12 1 3167 flk 2 2s21w 15 1
3117 flk 2 2s21w 12 1 3168 flk 1 2s21w 15 1
3118 flk 2 2s21w 12 1 3169 flk 3 2s21w - 15 1
3119 flk 3 2s21w 12 1 3170 flk 2 2s21w 15 1
3120 flk 3 2s21w 12 1 3171 flk 1 2s21w 15 1
3121 flk 3 2s21w 12 1 3172 flk 2 2s21w 15 1
3122 flk 2 2s21w 12 1 3173 fik 3 2s21w 15 1
3123 flk 3 2s21w 12 1 31'74 flk 3 2s21w 16 1
3124 flk 2 2s21w 12 1 3175 flk 3 2s21w 16 1
3125 flk 1 2s21w 12 1 3176 flk 3 2s21w 16 1
3126 flk I 2s21w 12 1 3177 flk 3 2s21w 15 1
3127 core 2s21w 14 1 3178 flk 3 2s21w 16 1
3128 core 2s21w 14 1 3179 flk 2 2s21w 16 1
3129 flk 2 2s21w 14 1 3180 flk 3 2s21w 16 1
3130 flk 2 2s21w 14 1 3181 flk 2 2s21w 16 1
3131 flk 3 2s21w 14 1 3182 fUk 1 2s21w 16 1
3132 flk 2 2s21w 14 1 3183 flk 3 2s21w 16 1
3133 flk 3 2s21w 14 1 3184 flk 1 2s21w 16 1
3134 flk 2 2s21w 14 1 3185 flk 3 2s21w 16 1
3135 flk 2 2s21w 14 1 3186 flk 1 2s21w 16 1
3136 flk 3 2s21w 14 1 3187 flk 2 2s21w 16 1
3137 flk 2 2s21w 14 1 3188 flk 2 2s21w 16 1
3138 flk 2 2s21w 14 1 3189 flk 3 2s21w 16 1

3139 flk 2 2s21w 14 1 3190 flk 3 2s21w 16 1
3130 fik I 2s21w 14 1 3191 flk 2 2s21w 16 1

3 141 flk 2 2s21w 14 1 3192 flk 2 17n33w 1 5 .

3142 flk 2 2s21w 14 1 3193 flk 2 17n33w 1 1
3143 flk 2 2s21w 14 1 3194 flk 2 17n33w 1 2

31144 flk 2 2s21w 14 1 3195 fIk 1 17n33w 10 2
3145 flk 2 2s21w 14 1 3196 chopper 17n3'; 1I 1
3146 flk 1 2s21w 14 1 3197 ceram 22n6w 14 1

j147 flk 3 2s21w 14 2 3198 flk 2 22n6w 16 2
3148 flk 2 2s21w 14 1 3199 flk 22n6w 11 1

3149 flk 2s21w 14 2 3200 flk 2 22n6w 9 2

3150 flk 2 2s21w 14 1 3201 flk 3 22n6w 11 1
3151 flk I 2s21w 14 1 3202 ceram 22n6w 16 1
3152 flk 3 2s21w 14 1 3203 fik 2 22n6w 9 1

j15j flk 2 2S21w 14 1 3204 flk 2 22n6w 9 1
3154 flk 2 2s21w 14 1 3205 flk 2 22n6w 16 1
3155 flk 2 2s21w 14 1 3206 flk 2 22n6w 16 1
3156 flk 2s21w 14 1 320( core 22n6w lj 1
3157 flk 3 2s21w 14 1 3208 flk 1 22n6w 16 1
3158 flk 3 2s21w 14 1 3209 flk 2 22n6w 14 1

* 3159 flk 2 2s21w 15 1 3210 flk 3 22n6w 12 2
3160 flk 2 2s21w 15 1 3211 flk 2 42n2w 9 1
3161 flk 3 2s21w 15 1 3212 flk 2 42n2w 11 1
3162 flk 3 2s21w 15 1 3213 flk 3 42r,2w 14 1

3163 ang deb 2s21w 15 1 3214 flk 3 42n2w 9 1
3164 flk 3 2s21w 15 1 3215 flk 3 42n2w 15 1
3165 flk 3 2s21w 15 1 3289 flk 2 16n18w 5 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3465 flk 2 seg3 8 1 3574 lith 0 1

3466 flk 3 seg3 8 1 3575 core 0 1
3467 core seg3 3 1 3576 tool 20s24w 0 1

3468 hs seg3 3 1 3577 gs 0 1

3469 core 0 6 3578 gs 20s24w 0 1

3470 ceram 0 1 3580 pestle 0 1

3471 deb 0 1 3581 flk 3 seg9 1 I

34'72 core 0 1 3582 core seg9 1 2

3473 ut flk 0 1 3583 flk 1 seg9 2 1

3474 core 0 1 3584 flk 2 seg9 2 1

3475 scraper 0 1 3585 flk 1 seg9 2 1

3476 hs 0 1 3586 flk 2 seg9 3 1

3477 flk 1 0 1 3587 flk 3 seg9 3 1

3478 flk 3 0 1 3588 scraper seg9 4 1

3479 ut flk 0 2 3589 flk 2 seg9 4 1

3480 flk 0 2 3590 fik 2 seg9 11 1

3481 core 0 1 3591 obsidian seg9 5 2

3482 core 0 1 3592 obsidian seg9 6 1

3483 gs 0 1 3593 flk 2 seg9 7 1

3484 core 0 1 3594 test peb seglO 1 4

3485 anvil 0 1 3595 flk 1 seglO 1 1

3486 bone 0 1 3596 flk 2 seglO I I

3487 scraper 0 1 3597 flk 1 seg1O 2 1

3488 gs 0 1 3598 nonart seglO 2 2

3489 anvil 0 1 3599 flk 2 seg1O 2 1

3545 test peb 0 1 3600 flk 1 seglO 3 2

3546 flk 1 0 1 3601 flk 3 seglO 3 2
3547 core 0 1 3602 core seglO 4 1

3548 flk 2 0 1 3603 flk 2 seglO 4 2

3549 core 0 1 3604 flk 1 seglO 5 1

3550 core 0 1 3605 flk 1 seglO 6 1

3551 flk 2 0 1 3606 flk 2 seglO 7 1

3552 point 0 1 3607 fik 2 seg1O 8 3

3553 flk 3 0 1 3608 chopper seglO 10 1
3554 flk 2 0 1 3609 deb seg5 1 1

3555 test peb 0 1 3610 flk 2 seg5 2 1

3556 flk 0 3 3611 flk 1 seg5 3 1

3557 hs 0 1 3612 flk 3 seg5 4 1

3558 gs 0 1 3613 flk 2 seg5 7 2

3559 flk 2 0 1 3614 deb seg5 8 1

3560 nonart 0 1 3615 test peb seg5 !) 1

3561 flk 2 0 2 3616 flk 3 seg6 C) 1

3562 flk 1 0 1 3617 deb seg6 0 1

356 flk 2 0 1 3618 flk 2 scg6 0 1

35u4 ut flk 2 0 1 3619 core seg6 2 "

3568 gs 20s24w 0 1 3620 core seg6 5 1

3569 gs 0 1 3621 chopper seg6 1

3570 hs 4s29w 0 1 3622 scraper seg6 I 1

3571 lith 4s29w 0 1 3623 flk 1 seg6 1 1

3572 lith 20s24w 0 1 3624 flk 3 seg6 1 1

3573 lith 4s29w 0 1 3625 hs seg6 1 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3290 flk 3 16nl8w 13 1 3414 ut flk 0 1
3291 core 0 5 3415 deb 0 1

3292 biface 0 1 3416 flk 2 segl I I

3293 hs 0 1 3417 flk 1 segl 1 I

3294 test peb 0 1 3418 core segl 2 2

3295 test peb 0 1 3419 flk 1 segl 5 1

3296 test peb 0 1 3420 flk 3 segl 7 1

3370 scraper 0 4 3421 hs segl 8 1

3371 scraper seg2 10 1 3422 nonart seg2 1 1

3372 core seg2 9 9 3423 flk 2 seg2 1 2

3373 flk 1 seg2 8 1 3424 flk 2 seg2 2 1

3374 core seg2 9 5 3425 ut flk 1 seg2 3 1

3375 chopper seg2 10 1 3426 flk 2 seg2 3 2
3376 core seg5 11 1 3427 flk 1 seg2 4 1
3377 flk 3 seg5 1 1 3428 flk 2 seg2 4 1

3378 min seg5 2 1 3429 flk 2 seg2 5 1

3379 flk 2 seg5 5 1 3430 flk 3 seg2 6 2

3380 nonart seg5 6 1 3431 flk 1 seg2 6 1

3381 flk 2 seg5 8 3 3432 flk 1 seg2 7 2

3382 flk 2 seg5 9 1 3433 fik 1 seg2 7 1

3383 flk 2 seg5 10 1 3434 flk 2 seg2 8 4

3384 flk 3 seg5 11 2 3435 flk 1 0 1

3385 flk 1 segl 2 1 3436 flk 2 0 1

3386 core segl 3 1 3437 flk 2 0 1

3387 ut flk 1 segl 6 1 3438 flk 2 0 1

3388 flk 2 segl 7 2 3439 core 0 1

3389 flk 2 segl 8 2 3440 flk 3 0 1

3390 flk 2 seg3 5 1 3441 flk 3 0 1

3391 flk 2 seg3 1 1 3442 flk 1 0 3

3392 flk 2 seg3 1 1 3443 scraper 0 1

3393 flk 3 seg3 4 1 3444 hs 0 1

3394 core seg3 5 1 3445 core 0 1

3395 core seg3 6 1 3446 flk 1 0 6

3396 flk 3 seg3 7 1 3447 flk 1 0 2

3397 flk 2 seg3 7 1 3448 flk 1 seg3 1 1

3j98 flk 2 seg4 1 1 3449 flk 2 seg3 1 1

3399 flk 2 seg4 1 1 3450 flk 3 segi 1 1
31400 flk 2 seg4 1 1 3451 flk 3 seg3 3 1

3401 flk 2 seg4 1 1 3452 nonart seg3 3 1
3402 fir 2 seg4 2 1 3453 flk 3 seg3 3 1
3403 deb seg4 2 1 3454 flk 3 seg3 3 1
31104 ut flk 2 seg4 3 1 3455 flk 2 seg3 4 1

3405 flk 2 seg4 3 1 3456 flk 3 seg3 4 1
3406 flk 1 seg4 3 1 3457 flk 2 seg3 4 1

3407 flk 3 seg4 4 1 3458 flk 2 seg3 5 1
340F flk 2 seg4 41 1 3459 flk 3 seg3 1 1
3409 flk 3 seg6 1 1 3460 flk 3 seg3 6 1
3410 fik 2 seg6 1 1 3461 f1k 3 s eg3 6 1
31411 flk 2 seg6 1 1 3462 flk 3 seg3 6 1

3412 flk 2 seg6 2 1 3463 ut flk 2 seg3 7 1
3413 flk 0 1 3464 flk 2 seg3 8 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3626 flk 1 seg6 1 1 3677 ut flk 0 1

3627 flk 1 seg6 1 1 3678 deb 0 1

3628 flk 3 seg6 1 1 3679 ut flk 0
3629 test peb seg6 2 4 3680 ut flk 0

3630 flk 2 seg6 2 1 3681 flk 0 1

3631 flk 1 seg6 2 1 3682 flk 0 1

3632 flk 2 seg6 3 1 3683 flk 0 1

3633 flk 2 seg6 3 1 3684 nonart 0 1

3634 flk 1 seg6 3 1 3689 ut flk 0 26

3635 flk 1 seg6 3 1 3690 core 0 i4

3636 flk 1 seg6 3 1 3691 hs 0 1

3637 flk 2 seg6 3 1 3692 flk 0 !

3638 flk 1 seg6 3 1 3693 flk 0 1

3639 flk 1 seg6 3 1 3694 flk 0 1

3640 flk 3 seg6 3 1 3695 ut flk 0 3
3641 flk 1 seg6 3 1 3696 flk 0 1

3642 flk 1 seg6 3 2 3697 flk 0 1

3643 flk 1 seg6 4 1 3698 flk 0 1
3644 deb seg6 4 1 3699 core seg7 1 I
3645 flk 1 seg6 4 1 3-700 flk 3 seg7 1 1

3646 flk 2 seg6 4 1 3701 flk I seg 7 2 3
3647 flk 2 seg6 4 1 3702 flk 1 seg7 2 3
3648 flk 1 seg6 4 1 3703 flk 1 seg7 2 3
3649 deb seg6 4 1 3704 flk 1 seg7 7
3650 deb seg6 4 1 3705 flk 2 seg7 3 1

3651 deb seg6 4 2 3706 ut fik I seg7 - 1

3652 flk 1 seg6 6 1 0 core seg7 4 1

3653 flk 3 seg6 6 1 3708 flk 2 seg7 4 I

3654 flk 2 seg6 6 1 3709 hs seg7 4 1

3655 flk I seg6 6 1 3710 flk 1 seg7 4

3656 flk 2 seg6 7 1 3711 flk 2 seg7 5 1

3657 flk 3 seg6 7 4 3712 flk 1 seg7 7 2
3658 flk 1 seg6 7 1 3713 flk 2 seg7 6 7

3659 flk 3 seg6 8 1 3714 flk 2 seg7 7 3

3660 flk 3 seg6 8 1 3715 flk 2 seg7 8 2

3661 flk 3 seg6 8 1 3716 ut flk 2 seg7 8 1

3662 fik 3 seg6 7 1 3717 flk 1 seg7 8
3663 deb seg6 7 1 3718 test peb seg7 2 1
3604 flk 1 seg6 8 1 3719 core seg7 2 1

3665 scraper 0 1 3720 core seg7 4 1

31)6 ut flk 0 1 3721 core seg7 8 2
367 fik 3 0 1 3722 deb seg5

3668 ut flk 0 1 3723 flk 1 seg8 1 7
3669 fIk 1 0 1 3724 flk 1 seg8 1 1
3570 flk 0 1 3725 flk 3 seg8 1 1
35/1 flk 0 1 3/26 fik 2 seg8 1 ,
35/2 ut flk 0 1 3727 flk 2 seg8 2
3613 ut flk 0 1 3728 flk 2 seg8 , 2
3574 flk 0 1 3729 flk 1 seg8 2 2

3(75 ut flk 0 1 3730 flk 1 seg8 3 1

3616 biface 0 1 3731 fik 3 seg8 3 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3732 scraper seg8 3 1 278 flk 1 0

3733 flk 3 seg8 3 1 285 flk 1 0 1

3134 flk 2 seg8 4 2 286 flk 3 0 1

3735 flk 1 seg8 4 1 300 flk 2 0 1

3736 flk 1 seg8 7 1 306 flk 3 0 2

3737 flk grab s 0 1 306 flk 3 0 1

3738 flk 1 seg8 8 1 309 flk 1 0 1
3739 flk 2 seg8 8 1 352 flk 3 0 1

3740 hs seg8 2 1 374 flk 3 0 1
3741 core seg8 2 3 395 flk 2 0 1

3742 flk 0 1 420 flk 3 0 1

3743 flk 0 2 458 flk 2 0 1

3746 flk 0 1 463 flk 3 0 1

3741 ut flk 0 1 413 flk 1 0 1

3748 flk 0 1 413 flk 3 0 1

3749 test peb 0 1 436 flk 3 0 1

3750 flk 0 1 520 flk 3 0 1

3751 flk 0 1 582 flk 3 0 1

3752 ut flk 0 1 682 flk 3 0 1

3753 flk 0 1 690 flk 2 0 1

3754 test peb 0 1 695 flk 2 0 1

3755 core 0 1 699 flk 3 0 1

3756 core 0 1 731 flk 3 0 1

3757 test peb 0 1 745 flk 2 0 1

3758 core 0 1 752 flk 2 0 1

3759 core 0 1 752 flk 3 0 1

3760 core 0 1 1004 flk 2 10s20w 4 1

3762 ut flk 0 1 3652 flk 1 scg 6 6 1

3763 core seglO 6 1 3652 flk 1 seg 6 6 1

3764 flk I seglO 7 1 3652 flk 2 seg 6 6 2

3765 flk 0 1 3652 flk 3 seg 6 6 2

3766 flk 4s29w 35 1 3657 flk 3 seg 6 7 1

3767 flk 1 0 1 3657 flk 3 seg 6 7 1

3768 flk I 0 9 3657 flk 3 seg 6 7 1

3769 deb 0 2 3699 f1k 1 seg7 1 1
3770 core 0 1 3699 flk 2 seg7 1 7

3771 core 0 1 3699 flk 3 seg7 1 5

3772 core 0 1 3699 flk 1 0 1

3773 core 0 1 3699 flk 1 0 1

37(14 core 0 1 3699 f1k 2 0 1

3776 nonart 2n8e 0 1 3699 flk 2 0 1

317 1flk 1 20s24w 0 1 3699 fik 3 0 1

3778 core On39w 0 1 3699 flk 3 0 0
3779 core 0n39w 0 1 3699 flk 3 0 1

218 flk 3 0 1 3699 flk 3 0 1

237 flk 2 0 1 3701 flk 1 seg 7- 2 1

238 flk 2 0 1 3701 flk I seg 7 2 1

244 flk 1 0 1 3701 flk 1 seg 7 2 1
260 flk 2 0 1 3701 flk I seg 7 2 1
261 deb 0 1 3701 flk 1 seg 7 2 1
264 flk 2 0 1 3701 flk 1 seg 7 2 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3710 flk 1 seg 7 2 1 3724 flk I seg8 I I

3701 flk 1 seg 7 2 1 3724 flk 2 seg8 1 31

3701 flk 1 seg 7 2 1 3724 flk 2 seg8 1 1 *_ '

3701 flk 1 seg 7 2 1 3729 flk I seg8 2 1

3701 flk 2 seg 7 2 2 3729 flk 2 seg8 2 1

3701 flk 2 seg 7 2 1 3729 flk 3 seg8 2 1

3701 flk 2 seg 7 2 1 3734 flk 1 seg8 4 1

3701 flk 3 seg 7 2 1 3734 flk 3 seg8 4 1

3701 flk 3 seg7 2 10 3736 flk 1 seg8 7 1

3701 flk 3 seg 7 2 1 3736 flk 1 seg8 7 1

3701 flk 3 seg 7 2 1 3736 flk 1 seg8 7 1

3701 flk 3 seg 7 2 1 3736 flk 3 seg8 7 1

3701 (lk 3 seg 7 2 1 3764 flk 2 seglO 7 1

3702 flk 2 seg7 2 2 3768 flk 1 0 1

3702 flk 3 seg7 2 1 3768 flk 1 0 1

3704 flk I seg7 3 1 3768 flk 1 0 1

3704 flk I seg7 3 1 3768 flk 1 0 1

3704 flk 1 seg7 3 1 3768 flk I 0 1

3704 flk 1 seg7 3 1 3768 flk I 0 1

3704 flk 1 seg7 3 1 3768 flk 1 0 1

3704 flk 1 seg7 3 1 3768 flk 1 0 1

3704 core aeg7 3 1 3768 flk 2 0 1

3705 flk 3 seg7 3 1 3768 flk 3 0 5

3706 flk 2 seg7 3 1 3768 flk 3 0 1

3707 flk I 0 1 3768 flk 3 0 1

3707 flk I 0 1 3768 flk3 0 1

3707 flk 1 0 1 3376 8(1k 3 0 1

3707 flk 1 0 1 3447 flk 1 0 1

3107 flk 1 0 1 3447 flk 1 0 1

3707 flk 2 seg7 4 1 3447 flk 1 0 1

3707 core seg 7 4 1 3447 flk 1 0 1

3708 flk 1 seg7 4 1 3447 flk 2 0 1

3708 flk 1 seg7 4 1 3447 flk 2 0 1

3708 flk 1 seg7 4 1 3447 flk 2 0 1

3708 (1k 3 seg7 4 1 3447 flk 3 0 1

3710 flk 1 seg7 4 1 3447 flk 3 0 1

3710 flk 2 seg7 4 1 3447 flk 3 0 1

3712 flk 1 seg7 7 1 3447 flk 3 0 1

3712 flk 1 seg7 7 1 3447 flk 3 0 1

3712 flk 1 seg7 7 1 3447 flk 3 0 1

3712 flk 1 seg7 7 1 3447 flk 3 0 1

37 12 flk 1 seg7 7 1 3447 flk 0 1

3712 flk 1 seg7 7 1 3447 (1k 3 0 1

3712 flk 2 seg7 7 4 3373 flk 2 scg2 8 1

3712 flk 3 seg7 7 3 3373 flk 3 seg2 8 1

3712 flk 3 seg7 7 1 3j85 f1k 2 segl 2 1

3713 flk I seg7 6 1 3385 (1k 3 segl 2 2

3713 flk 3 seg7 6 2 3388 flk 2 segl 7 2

3713 flk 3 seg7 6 1 3389 flk 2 segl 8 3

3713 core seg7 6 1 3423 flk 3 scg2 1 2

3723 flk 2 seg8 1 2 3419 (1k 2 segl 5 5
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

3419 flk 3 segl 5 1 3730 flk 2 seg8 3 1

3424 flk3 0 0 3730 flk 3 seg8 3 1
3424 flk 3 seg2 2 1 3736 flk 2 seg8 7 1

0 0 0 3736 flk 3 seg8 7 1
3426 flk 3 seg2 3 1 218 flk 3 0 1
3427 flk 2 seg2 4 5 314 flk 3 0 1

3427 flk 3 seg2 4 4 505 flk 3 0 1

3428 flk 3 seg2 4 1 1502 flk 3 4s29w J14 1
3429 flk 3 seg2 5 2 1503 flk 3 4s29w 33 6
3431 (lk 2 seg2 6 1 1507 flk 2 4s29w 26 3
3432 flk 2 seg2 7 1 1507 flk 3 4s29w 26 4
3432 flk 3 seg2 7 1 1511 flk 3 4s29w 27 3
3433 flk 2 seg2 7 3 1518 flk 2 4s29w 20 3
3433 flk 3 seg2 7 3 1518 flk 3 4s29w 20 1
3434 flk 3 seg2 8 2 1520 flk 3 4s29w 23 1
3434 deb seg2 8 2 1530 flk 2 4s29w 34 2
3435 0 0 1530 flk 3 4s29w 314 2
3442 flk 2 0 4 1578 flk 3 20s24w 17 1

3442 flk 3 0 1 1595 flk 3 23s20w 1 4

0 0 0 1613 flk 3 23s20w 3 3
31146 flk 2 0 11 1642 flk 2 23s20w 8 5 r
3446 flk 3 0 7 1642 flk 3 23s20w 8 7
3446 deb 0 7 1609 ang deb 23s20w 4 1

3447 flk 2 0 6 1609 flk 1 23s20w 4 3
3447 flk 3 0 7 1609 flk 3 23s20w 4 2

3545 flk 2 0 3 1666 flk 1 23s20w 11 4

3548 flk 3 0 3 1666 flk 2 23s20w 10 2

3583 flk 2 seg9 2 1 1666 flk 3 23s20w 10 7
3585 flk 3 seg9 2 1 1713 flk 2 23s20w 3 1
3587 flk 2 seg9 3 1 1713 flk 3 23s20w 3 2
3595 flk 2 seglO 1 2 1720 flk 3 23s20w 6 1
3595 flk 3 seglO 1 2 1721 flk 3 23s20w 5 2
3596 flk 3 seglO 1 4 1722 flk 3 23s20w 8 3
3597 flk 3 seglO 2 6 1846 flk 3 2n8e 14 1

3600 flk 2 seglO 3 4 1854 flk 2 22n58w 2 1

3600 flk 3 seglO 3 2 1854 flk 3 22n58w 2 3
3603 flk 3 seglO 4 1 1856 flk 3 22n58w 3 1
3604 flk 2 seglO 5 2 1860 flk 2 22n5gW 6 4
3604 flk 3 seglO 5 1 1860 flk 3 22n58w 6 1
3605 flk 2 seglO 6 1 1862 flk 2 22n58w 0 1
3607 flk 2 seglO 13 3 1862 flk 3 22n58w 7 3
3610 flk 3 seg5 3 1 1863 flk 2 22n58w 8 3
3626 (lk 2 seg6 1 1 1863 flk 3 22n58w 8 1
3626 f1k 3 seg6 1 1 1857 flk 1 22n58w 4 2
3653 flk 2 0 0 1857 flk 2 22n58w 4 1
3703 flk 2 se97 2 2 1857 flk 3 22n58w 4 2

3704 flk 2 seg7 3 4 1692 (lk 1 23s20w 16 1
3704 core se97 3 1 1692 flk 2 23s20w 16 2

0 0 0 1692 flk 3 23s20w 16 1

3715 flk 3 seg7 8 1 1692 flk 3 23s20w 16 5
3717 flk 3 se97 8 1 1699 flk 2 23s20w 11 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

1705 f1k 2 23320w 11 1 2065 f1k 3 10n44w 12 1

1706 f1k 2 23s20w 12 1 2076 flk 2 2n8e 1 2

1858 fUk 1 22n58w 5 2 2069 fUk 1 10n44. 16 1

1858 f1k 2 22n58w 5 3 2069 fik 2 10n44w 16 2

1881 f1k 1 60s6e 10 1 2069 f1k 3 10n44w 16 3

1881 fUk 2 60s6e 10 2 2073 flk 2 22n58w 4 2

1868 f1k 2 22n58w 12 1 2084 fUk 3 25n18e 6 1

1868 flk 3 22n58w 12 1 2113 f1k 3 10sl4w 1 1

1871 fik 3 22n58w 14 3 2117 fUk 2 10sl4w 6 1

1873 f1k 3 22n58w 16 2 2125 fUk 3 17n33w 9 8

1864 f1k 1 22n58w 9 1 2126 flk 3 17n33w 10 2

1864 f1k 2 22n58w 9 2 2128 fik 2 17n33w 13 5

1956 f1k 3 6s3w 6 1 2128 fUk 3 17n33w 13 3

1962 flk 3 6s3w 13 1 2129 f1k 2 17n33w 0 1

1963 flk 3 6s3w 14 1 2129 f1k 3 17n33w 0 2

1966 fUk 2 2n8e 1 2 2132 fUk 2 17n33w 0 3

2007 f1k 2 17n33w 1 2 2132 fUk 3 17n33w 0 2

2007 fUk 3 17n33w 1 2 2193 fik 2 56s6w 12 2

2008 fUk 3 17n33w 1 4 2195 ut fik 3 56s5w 16 1

2009 fUk 3 17n33w 2 2 2316 fik 3 17n33w 0 4

2010 f1k 3 17n33w 2 2 2317 fUk 2 17n33w 0 4

2015 f1k 2 17n33w 4 1 2311 flk 3 17n33w 0 2

2017 f1k 2 17n33w 5 5 2326 fUk 3 10sl4w 5 2

2017 f1k 3 17n33w 5 4 2328 fUk 2 10sl4w 7 2

2018 flk 3 17n33w 6 1 2328 fUk 3 1Os14w 7 1

2019 flk 3 17n33w 6 3 2329 f1k 3 10sl4w 10 1

2021 f1k 2 17n33w 8 6 2332 fik 3 10sl4w 13 5

2021 f1k 3 17n33w 8 1 2333 flk 3 lOsl4w 14 1

2022 f1k 3 17n33W 8 1 2330 f1k 2 10sl4w 11 6 %

2024 fUk 3 17n33w 9 7 2330 fUk 3 10sl4w 11 5

2027 flk 3 17n33w 11 1 2419 flk 2 7s40w 1 1

2028 fik 3 17n33w 11 1 2480 ang deb 7s40w 2 3

2029 fik 3 17n33w 12 2 2482 f1k 2 7s40w 2 1

2031 fUk 2 17n33w 12 1 2485 fik 2 7s40w 3 2

2031 fik 3 17n33w 12 3 2485 f1k 3 7s40w 3 1
2034 f1k 2 17n33w 13 2 2486 f1k 2 7s4Ow 3 2

2034 fik 3 17n33w 13 5 2489 f1k 2 7s40w 4 2

2036 fik 2 17n33w 14 3 2491 f1k 3 7s40w 4 5

2036 f1k 3 17n33w 1 1 2492 f1k 2 7s40w 5 2

2037 f1k 2 17n33w 15 2 2492 fik 3 7s40w 5 2

2037 f1k 3 17n33w 15 1 2493 f1k 3 7s40w 6 3

2038 flk 3 17n55w 15 6 2494 f1k 3 7s40w 6 2

2040 fik 3 17n33w 16 1 2496 f1k 3 7s40w\ 7 6

2043 f1k 2 17n33w 16 5 2499 f1k 3 7s40w 8 1

2045 fik 2 17n33w 0 6 2503 f1k 3 7s40w 9 1

2045 f1k 3 17n33w 0 4 2505 f1k 3 7s40w 10 1

2047 f1k 3 17n33w 0 2 2506 f1k 3 7s40w 10 3

2053 f1k 3 2n12w 2 1 2508 f1k 2 7s40w 11 1

2054 f1k 3 2n12w 3 3 2508 f1k 3 7s40w 11 6

2058 f1k 3 17n33w 0 2 2510 f1k 3 7s40w 12 5

2063 f1k 3 10n44w 9 2 2511 f1k 3 7s40w 13 1
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CAT.NO ITEM QUAD SUBUNIT QTY CAT.NO ITEM QUAD SUBUNIT QTY

2511 ang deb 7s40w 13 1 2920 (1k 3 10n38w 13 2
2512 f1k 3 7s140w 13 2 2920 (1k 2 10n38w 11 14

2515 (1k 2 7s140w 114 6 2923 ilk 3 10n38w 114 2
2515 (1k 3 7s140w 114 6 2931 ilk 2 10n38w 2 2
2516 ilk 2 7s40w 15 5 2931 (1k 3 10n38w 2 2
2516 ilk 3 7s140w 15 14 2932 (1k 3 10n38w 3 1
2516 ang deb 7s40w 15 1 29141 ilk 3 10n38w 9 1
2517 ang deb 73140w 15 1 29142 (1k 2 10n38w 9 5
2517 (1k 1 7s140w 15 1 29147 ilk 3 10n38w 10 1
2517 ilk 2 7s140w 15 1 2951 fik 3 10n38w 12 1
2520 f1k 2 7s140w 16 2 2954 ilk 2 10n38w 15 14
2521 fik 3 7s140w 16 2 29514 fik 3 10n38w 15 1
2529 f1k 3 4s29w 16 1 2959 fik 2 l0n3Sw 9 14
25143 fik 3 4s29w 28 1 2959 ilk 3 10n33w 9 1
25146 f1k 3 4s29w 32 3 2965 f1k 2 10n38w 16 2
2550 f1k 2 4s29w 314 2 2952 fik 2 10n38w 13 7
2550 (1k 3 4s29w 314 3 3192 ilk 3 17n33w 1 2
2553 (1k 3 4s29w 35 1 3194 fik 2 17n33w 1 3
2530 (1k 2 4s29w 16 1 31914 (1k 3 17n33w 1 5
25141 fik 1 4s29w 26 1 3200 (1k 3 22n6w 9 2
25414 1k 2 4s29w 29 5 253 ut f1k 2 0 1
251414 flk 3 4s29w 29 1 369 ut 1k 3 0 1
25148 (1k 2 4s29w 33 2 1660 fik 2 23s20w 15 8
2552 fik 2 4s29w 35 2 1660 (1k 1 23s20w 15 2
2551 (1k 2 4s29w 35 1 1660 (1k 3 23s20w 15 3
2623 (1k 2 56s6w 114 3 1665 (1k 3 23s20w 4 2

2624 ang deb 56s6w 15 1 1665 (1k 2 23s20w 114 1
2731 (1k 3 2321w 13 1 1685 (1k 3 23s20w 13 14

2807 (1k 3 2s21w 16 1 1685 (].k 1 23s20w 13 1
2819 (1k 2 10n144w 2 5 3716 (1k 3 se97 8 1
2819 (1k 3 10n144w 2 1 1715 (1k 1 23s20w 9 1
2820 (1k 2 10n144w 3 7 1715 f1k 2 23320-. 9 1
2820 (1k 3 10n144w 3 1 1717 ut (1k 3 23320w 1 7
2822 (1k 3 42n22w 14 1 1718 ut (1k 3 23s20w 14 11
2833 (1k 2 10n144w 8 9 1850 ut (1k 2 22n 58w 1 1
2835 (1k 2 10n144w 9 3 1850 (1k 3 22n53w 1 1
2838 (1k 2 10n144w 11 3 1866 (1k 2 22n58w 10 3
28140 (1k 3 10n144w 13 1 1866 ut (1k 3 22n583w 10 1
28143 (1k 2 10n144w 16 3 1867 ut (1k 2 22n,53w 11 2
2860 (1k 3 10n38w 2 1 1867 ut fik 3 22n58w 1)1 1
2867 (1k 2 10n38w 6 1 2066 (1k 1 10n14'lw 13 2
2831 f1k 1 10n144w 7 2 2066 (1k 2 l0nil'Iw 13 1
2831 (1k 2 10n144w 7 8 2067 (1k 2 10n14'4w 114 53
2831 (1k 3 10n144w 7 1 2068 ut fik 3 10n144w 15 1
28142 f1k 1 10n144w 15 1 2816 ut (1k 2 10n14'w 1 7
28142 (1k 2 10n144w 15 5 2816 ut (1k 3 10n14'w 1 1
28142 (1k 3 10n144w 15 1 2818 ut (1k 2 l0n'4l4w 2 15
28614 (1k 2 10n38w 5 8 2818 ut (1k 3 10n144w 'I 14
28614 (1k 3 10n38w 5 1 2821 (1k 2 '10n1'w 3 9
2909 (1k 3 10n38w 3 1 2823 ut (1k 3 10n1w 11 1
2917 (1k 3 10n38w 11 1 2826 f1k 2 10n14'lw 5 14
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CAT.NO ITEM QUAD SUBUNIT QTY

2836 ut (1k 2 10n44w 9 6
2837 ut Ulk 2 10n114w 9 8
2841 Ulk 3 10n44w 14 3
2859 Ulk 3 l0n38w 2 3
2866 Ulk 1 l0n38w 6 3
28 ) Ulk 2 10n38w 6 3
2866 Ulk 3 l0n38w 6 3
2908 ut Ulk 3 l0n38w 2 1
2908 (1k 2 10n38w 2 2
2914 (1k 2 10n38w 8 1
2914 Ulk 3 10n38w 8 3
2916 (1k 3 10n38w 10 1
2919 f1k 2 10n38w 12 1
2924 fik 1 10n38w 12 1
2919 f1k 2 l0n38w 12 1
2926 (1k 2 l 1n38w 16 2
2926 (1k 3 10n38w 16 1
2929 (1k 2 l0n38w 1 3
2929 f1k 3 l0n38w 1 2
2950 ut (1k 2 l0n38w 11 2
2950 ut (1k 3 10n38w 8 7
2964 flk 2 10n38w 16 2
2964 (1k 3 10n38w 16 2
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Lithic Artifact Coding

Keystone Sites 36 and 37

Variables

Location

1.- Site Number
2. Specimen Number
3. Unit Coordinates-Northing and Fasting in meters from

site datum
4I. Subunit, numbered 01 to 16
5. Level- surface (0) through 8, missing data (9)
6. Feature Association-Ol through 70

Size

7. Length (mm)
8. Width (mm)
9. Thickness (maximum in mm)

10. Weight (g)

Dorsal and Ventral Surfaces

11 . Termination Type
0=indete rminate
1 =feathered
2=st eppei
3=hinged
4= perverse
5 =othe r

12. Percentage Dorsal Cortex
1=greater than 50% .

2=1% to 50%
3 =n one

13. Number of Dorsal Scars (00 for 100% cortex)
14!. Dorsal Scar Pattern

O= ind ete rmina te
1=unid irectional
2= bidirectional
3=conve rging

15. Bulb of Percussion
0=iryd eterm inate
1 =pro mina nt
2=d f fuse

16. Lipping

0 =ind et erm ina teI
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Platform

17. Shape
O=indeterminate 5=triangular
1=rectangular 6=gull wing
2=crescent 7=round
3=diamond 8=semi-circular
4=lenticular 9=irregular, other

18. Platform Thickness (mm)
(01)=Imm or less

19. Platform Remnant Surface Type
O=indeterminate
1=single flake scar
2=2 to 3 flake scars

3=faceted, series of smaller scars
4=cortex
5=mass of crushed and hinged scars
6=ground surface

20. Number of Preparation Scars on Dorsal Surface from Platform
21. Platform Angle-nearest 5 angle on polar coordinate paper

Edge Modification

22. Number of Modified Edges, Utilized or Retouched
23. Edge 1 Edge Angle and Edge Modification
24. Edge2 " " " 
25. Edge 3 " " " " "

Edge Modification (Retouch and Wear Patterns)

01 No retouch, Unifacial Microflakes
02 " " Bifacial Microflakes
03 " " Rounding or Blunting
04 " " Striae
05 " " Polish
06 " " Attrition

21 to 26 Dorsal Retouch with above wear patterns (01-06)

31 to 36 Ventral Retouch with above wear patterns (01-06)
41 to 45 Bifacial Retouch with above wear patterns
50 Multiple wear patterns present on one edge
61 to 65 Platform Retouch with above wear patterns

Raw Material Type

26. Material Code (see Index II)
27. Material Texture

1=coarse-grained
2=medium-grained
3=fine-grained
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Artifact Type

28. Artifact Type
01 Flake-whole

02 Flake-proximal fragment
03 Flake-medial fragment

04 Flake-distal fragment
05 Flake-lateral fragment
06 Blade
07 Rejuventaion Flake

08 Angular Debitage
09 Utilized Chunk

10 Core-Tested or Split Pebble
11 Core-Single Platform
12 Core-Opposing Platform
13 Core-Multiple Platform
14 Core-Bifacial

15 Hammerstone

17 Untested Pebble
18 Pebble Tool

20 Projectile Point
21 Thin Biface
22 Knife
23 Chopper

24 Scraper
25 Spokeshave Scraper
26 Drill
27 Burin/Graver

28 Hinge Scraper
29 Denticulated Scraper

40 Groundstone Fragment
41 Pestle

42 Mano
43 Metate
44 Polishing Stone
45 Anvil
46 Large Pebble Tool

29. Condition

1 =complete

2=fragmentary

30. Multiple Functions
0=indeterminate
1=yes
2=no

31. Core Flake Sear Size (average estimated)
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DISTRIBUTIONS OF RAW MATERIAL VARIETIES
Keystone Sites 36 and 37

KS-36 KS-37
CODE MATERIAL N % N %

100 Sedimentary, Undifferentiated 1 0.2 2 0.2
110 Sandstone 2 0.3 8 0.7
120 Dolomite 56 9.7 181 15.9
130 Siltstone 9 1.6 9 0.8
200 Igneous, Undifferentiated 2 0.3 1 0.1
210 Obsidian 10 1.7 34 3.0
220 Basalt -- -- 9 0.8

230 Thunderbird Rhyolite-Red 25 4.3 47 4.1
231 Thunderbird Rhyolite-Black 14 2.4 42 3.7

232 Reworked Flow Thunderbird Rhyolite 1 0.2 21 1.8
234 Soledad Rhyolite 9 1.6 39 3.4
235 Rhyolite Tuff-Gray -- -- 6 0.5
236 Rhyolite Tuff-Red 2 0.3 3 0.3
237 Picacho Rhyolite --.-- 1 0.1
240 Other Rhyolites 13 2.2 29 2.6
250 Granites and Diorites -- -- 7 0.6
300 Metamorphic, Undifferentiated 1 0.2 1 0.1

310 Quartzitic Sandstone 2 0.3 5 0.4
311 Quartzitic Sandstone Conglomerate -- -- 2 0.2

320 Quartzite 44 7.6 54 4.7
330 Schist -- -- 2 0.2

340 Silicified Shale 1 0.2 3 0.3
350 Quartz 1 0.2 1 0.1
360 Silicified Siltstone-Red Banded -- -- 1 0.1
361 Silicified Siltstone-Pale Brown 1 0.2 5 0.4
362 Silicified Siltstone-Red 2 0.3 2 0.2
440 Silicified Wood 2 0.3 17 1.5

409 Jasper ...-- 1 0.1
410 ' . - - 2 0.2

411 3 0.5 2 0.2
412 ' 1 0.2 1 0.1

413 ' 2 0.3 6 0.5
414 ' 1 0.2 1 0.1

415 ' 1 0.2 3 0.3
416 ' 2 0.3 1 0.1

417 '-- -- 3 0.3
418 ' . .. 1 0.1
419 ' .. .. 1 0.1

420 Chalcedony 9 1.6 -- ..-

421 1 0.2 3 0.3 -

422 2 0.3 10 0.9
423 4 0.7 4 0.4
424 2 0.3 1 0.1
425 14 2.4 26 2.3
426 3 0.5 6 0.5
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N % N %

4127 Chalcedony 3 0.5 3 0.3
4128 1 0.2 1 0.1
4129 2 0.3 2 0.2
'130 41 0.7 1 0.1

4-131 4 0.7 3 0.3
4132 1 0.2 1 0.1
4133 2 0.3 2 0.2
41j4 - - -

'135 1 0.2 6 0.5
'136 1 0.2 9 0.8
4137 1 0.2 2 0.2
4138 -- --- 0.14
'139 -- - 4 0.41

700 - 4 0.~4

701 1 0.2 1 0.1
'702 -- -- 1 0.1

703 1 0.2 3 0.3
7041 1 0.2 1 0.1
705 -- -- 5 0.4

706 -- 8 0.7

707 - 1 0.1

708 -- 4 0.14

709 - - 1 0.1

710 -- 1 0.1

'100 Cherts, Undifferentiated 26 4.5 - --

4150 Rancheria Black/Brown Banded 19 3.3 40 3.5
'151 Rancheria Black Porous 14 2.4 29 2.6%
'152 Rancheria Brown Porous 19 3.3 13 1.1

'153 Rancheria Black/Brown Mixed 33 5.7 60 5.3
4154 Chert -- -- 3 0.3
4160 - --- 2 0.2

'161 '1 0.2 -- --

4162 '1 0.2 1 0.1

'163 '2 0.3 14 0.14

'1614 '4 0.7 -- --

'165 '3 0.5 -

'166 1 0.2 -

'167 '1 0.2 2 0.2
'168 '2 0.2 2 0.2
'169 '1 0.2 2 0.2

4170 'A3 0.5 2 0.2
'171 '1 0.2 - --

'-12 14 0.7 1 0.1 -

'173 '2 0.3 -- -

'174 '5 0.9 2 0.2
4175 '7 1.2 11 1.0
'176 '7 1.2 5 0.14
'1 7 5 0.9 1 0.1 O

'T18 '3 0.5 - --

'79 '2 0.3 -
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N % N %

480 Chert 15 2.6 4 0.4

481 2 0.3 -- --

482 '2 0.3 4 0.4
483 '3 0.5 4 0.4

484 '3 0.5 1 0.1
485 '10 1.7 3 0.3
486 ' 4 0.7 1 0.1
487 '5 0.9 2 0.2
488 '8 1.4 2 0.2
489 '4 0.7 1 0.1

490 '8 1.4 2 0.2

491 3 0.5 -- -

492 '4 0.7 5 0.4
493 '2 0.3 3 0.3
494 '2 0.3 -- -

495 '2 0.3 -- -

496 '2 0.3 2 0.2
497 '2 0.3 2 0.2

498 ' 4 0.7 3 0.3
499 '1 0.2 -- --

500 '3 0.5 2 0.2

501 4 0.7 3 0.3
502 '3 0.5 2 0.2

503 '3 0.5 -- --

504 '3 0.5 4 0.4

505 '3 0.5 3 0.3

506 1 0.2 1 0.1
507 '2 0.3 3 0.3

508 '2 0.3 6 0.5
509 2 0.3 10 0.9

510 '2 0.3 10 0.9
511 2 0.3 3 0.3
512 '1 0.2 3 0.3
513 '1 0.2 2 0.2

514 '2 0.3 2 0.2
515 '1 0.2 11 1.0

516 '1 0.2 7 0.6

517 '1 0.2 8 0.7
518 '1 0.2 3 0.3
519 1 0.2 -- --

520 0.2 2 0.

5201 1 0.2 2 0.2

522 '1 0.2 -- -

523 - --- 5 0.4

524 '1 0.2 -- --

525 '1 0.2 -- --

526 '1 0.2 1 0.1

527 '1 0.2 -- --
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N I N %

528 Chert -- 2 0.2
529 '-- 5 0.14

530 '1 0.2 3 0.3
531 1 0.2 7 0.6

532 - --- 3 0.3
533 '-14 0.14

5314 '-5 0.14

535 '-14 0.14

536 ' -6 0.5

537 ' -1 0.1

538 1 0.2 1 0.1
539 '1 0.2 -- --

5140 '1 0.2 7 0.6
5141 1 0.2 2 0.2
5142 '1 0.2 -- --

5143 - --- 1 0.1
5414 9 -1 0.1
5145 ' -1 0.1
5146 ' -2 0.2

5147 '1 0.2 -- -

5148 - --- 1 0.1
5149 ' -2 0.2

550 ' -3 0.3
551 -- 2 0.2

552 '-14 0.14

553 ' -6 0.5
5514 '1 0.2 1 0.1
555 '1 0.2 14 0.14
556 - --- 5 0.14
557 - --- 2 0.2

558 1 0.2 1 0.1
559 - --- 7 0.6

560 '- 4 0.~4

561 -- 2 0.2

562 ' -9 0.8
563 '1 0.2 2 0.2
5614 - --- 2 0.2
505 -- 3 0.3
)66 I-14 0.14

-- 4 0.14
568 ' -1 0.1
569 '1 0.2 -- --

570 - --- 1 0.1

5'11 -- 1 0.1
572 ' -1 0.1
573 ' -2 0.2
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575 ' . .. 1 0.1
576 ' . .. 1 0.1
577 1 .. 1 0.1

578 '1 0.1
579 '1 0.1

580 .. . . 1 0.1
581 .. .. 1 0.1
582 .. ... 1 0.1
583 .. .. 1 0.1
584 .. ... 3 0.3
585 .. ... 1 0.1
586 .. ... 1 0.1

587 .. .. 1 0.1
588 1- -- 1 0.1
589 .. .. 1 0.1

590 . .. 1 0.1

5 9 1 .. .. . .
592 .. ... 1 0.1
593 . . . 1 0.1
594 .. ... 1 0.1
595 .. .. 1 0.1

Total Number of Varieties 130 100% 184 100%

KS-36 KS-37

N % N %

Rhyolites 64 11.0 188 16.5
Dolomit? 56 9.7 181 15.9
Quartzite 44 7.6 54 4.7

Obsidian 10 1.7 34 3.0
Jaspers 10 1.7 22 2.1
Chalcedonies 58 10.1 118 10.9

Cherts 311 54.0 463 40.2
Hancheria Cherts 85 14.7 142 12.5

of 6ae.
27% of KS-36 cherts are rancherias

" "' 31% of KS-37 cherts are rancherias
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LITHIC RAW MATERIAL CODES

100 Sedimentary, undifferentiated
110 Sandstone
120 Dolomite
130 Siltstone
200 Igneous, undifferentiated
210 Odsidian
220 Basalt
230 Thunderbird Rhyolite- red
231 Thunderbird Rhyolite- black

232 Reworked Flow-Banded Thunderbird Rhyolite

234 Soledad Rhyolite- fine grained, light gray to gray brown

235 Rhyolite Welded Tuff- light gray(1OYR,7/1) with pheno-
crysts gray(10YR,5/1) and areas of white(1OYR,8/1).

236 Rhyolite Welded Tuff- pale red(1OR,3/6) with dark red
gray(lOR,3/1) phenocrysts.

237 Pichacho Rhyolite, weak red(1OR,5/3) with red(1OR,5/6)
banding.

240 Rhyolite, undifferentiated
250 Granites and Diorites
300 Metamorphic, undifferentiated

310 Quartzitic Sandstone

311 Quartzitic Sandstone- conglomerate dark gray(5Y,4/1) with
black hornblend.

320 Quartzite
330 Schist
340 Silicified Shale
350 Quartz

360 Silicified Siltstone- fine grained, drk red (2.5YR, 3/6) with
dark red bands.

361 Silicified Siltstone- medium to fine grained, with pale brown
(IOYR, 8/3 to 7/3).

362 Silicified Siltstone-medium to fine grained, with red

(2.5YR, 5/6).

400 Cherts, undifferentiated.

410 Jasper

411 Mustard Red Jasper
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409 Jasper, fine grained, yellow-brown(1OYR,5/6) with dusky
red(2.5YR,3/2) mottling.

412 Jasper, fine grained, brown(7.5YR,5/8) with dark brown
(7.5YR,4/2) banding.

413 Jasper, fine grained, red(1OR,4/8) with dark gray(2.5YR,
3/0), reddish yellowC7.5YR,7/8), and, pale red(1OR,6/4)
and white bands.

414 Jasper, fine grained, red(1OR,4/6) with white(2.5Y,8/2)
bands.

415 Jasper, fine grained, dark yellow.-brown(1OYR,4/4) with
brown-yellow( 1OYR,6/8) mottling.

416 Jasper, fine grained, red-yellowC't.5YR,6/8) with a band
red-yellow and an area of black.

417 Jasper, fine grained, dark red(10R,3/6) with dark red-
gray(lOR,3/1) bands and white(2.5,8/0) to pale red(1OR,

418 Jasper, fine grained, red-brownC2.5YR,5/4 to 4/4) with
whiteC2.5YR,8/2) bands.

419 Jasper, fine grained, red(2.5YR,4/6 to4/8) with sil-
icious white inclusions.

420 Chalcedony

421 Chalcedony, fine grained, dark gray(10YR,4/1) with

white(1OYR,8/1) inclusions and black(1OYR,2/1) veins.

422 Chalcedony, fine grained, dark gray(7.5YR,3/0) with

white(7.5YR,8/0) inclusions and white patina.

423 Chalcedony, fine grained, light olive brown(2.5Y,5/4)
with very dark gray(2.5Y,3/O) and white patina.

424 Chalcedony, fine grained, light red(lOR,6/6).

425 Chalcedony, fine grained, clear with yellow-red(7.5YR,

6/8) and black inclusions.

426 Chalcedony, fine grained, clear with white(2.5Y,8/0).

4271 Chalcedony, fine grained, clear with pale brown(1OYR,8/3).

428 Chalcedony, fine grained, weak red(2.5YR,2.5/2) with
red-yellow(7.5YR,7/8).

429 Chalcedony, fine grained, dark yeliow-brown(1OYH,4/6) and
strong brownC7.5YR,5/8) with black areas.
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430 Chalcedony, fine grained, white with red(1OR,5/8) veins
and dark red(1OR,3/6) mottling.

431 Chalcedony, fine grained, pale brown(1OYR,6/3) with dusky
red(1OR,3/3) mottling and white(2.5Y,8/2) bands.

432 Chalcedony, fine grained, pale red(1OR,6/2).

433 Chalcedony, fine grained, pale brown(1OYR,7/2) with
gray(1OYR,5/1) veins.

434 Chalcedony, fine grained, light gray(1OYR,7/2) with
dark brown(1OYR,4/3) banding and black areas.

435 Chalcedony, fine grained, white(1OYR,8/2) with
black areas.

436 Chalcedony, fine grained, white(1OYR,8/1) with brown-
yellow(1OYR,6/6) mottling and black areas.

437 Chalcedony, fine grained, white(5YR,8/1) with a brown
cortex.

438 Chalcedony, fine grained, gray(lOYR,6/1) with light
red(1OR,6/8) inclusions.

439 Chalcedony, clear with dark yellow-brown(1OYR,5/6 to
4/6) inclusions.

700 Chalcedoney, fine grained, brown-yellow(1OYR,6/8)
with dark yellow-brown(10YR,I/6) bands.

701 Chalcedony, porous, white(lOYR,8/1) with dark brown
inclusions.

702 Chalcedony, clear with brown-yellow(IOYR,6/6).

703 Chalcedony, fine grained, light gray(5YR,7/1) with
yellow(5YR,6/8) mottling and black areas.

704 Chalcedony, fine grained, red-yellow(5YR,6/6) with
light gray(5YR,7/1).

706 Chalcedony, fine grained, dark brown(2.5Y,2.5/2) with
white areas.

707 Chalcedony, fine grained, dark red-brown(5YR,3/2)I

708 Chalcedony, fine grained, white(7.5YR,8/0 to 7/0)
with black mottling.

709 Chalcedony, fine grained, light gray(1OYR,7/1) withi

dusky red(1OR,3/3) veins and dark gray(7.5YR,3/0) areas.
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710 Chalcedony, fine grained, white(5YR,8/1) with dark
brown(7.5YR,3/2) areas.

440 Silicified Wood

450 Rancheria Chert, black and brown banded

451 Rancheria Chert, black porous.

452 Rancheria Chert, brown porous

453 Rancheria Chert, black and brown (or grey) mottled or mixed

453 Rancheria Chert, black and red-brown.

460 Chert, fine grained, very dark gray-brown(lOYR,3/2)
with very pale brown(1OYR,6/1) banding.

461 Chert, fine grained, gray(1OYR,6/1) with very pale
brown(10YR,8/4) patina.

462 Chert,fine grained, light brown-grayC2.5Y,6/2) with
pale red(lOR,6/4) and very dark gray-brown(2.5Y,3/2)
bands.

UM 463 Lake Valley Chert, medium gray with black or tan bands.

464 Chert, fine grained, dark gray(2.5Y,4/0) with very dark
gray(2.5Y,3/0) bands.

465 Chert, fine grained, light gray(2.5Y,6/0) with dusky
red(10R,3/4) mottling.

466 Chert, fine grained, fossilifernus, fissury, strong
brown(7.5YR,5/6) and red(1OR,4/6) with blacIC(2.5YR,
2.5/0) bands.

467 Chert, fine grained, light gray(5Y,7/1) with gray
(5Y,6/1) banding.

468 Chert, fine grained, olive gray(5Y,4/2) with black
(5Y,2.5/1) banding and grayC7.5YR,5/0) areas with
white(5Y,8/0) and black mottling.

469 Chert, fine grained, red-yellow(7.5YR,7/8) with
light gray(10YR,7/1) mottling.

470 Chert, fine 6rained, very dark gray(2.5YR,3/0) with
light gray(1OYR,7/1) mottling.

471 Chert, fine grained, fissury, gray(1OYR,5/1) with red-
gray(lOR,6/1) banding.
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472 Chert, fine grained, oliveC5Y,5/3) with dark red(1OR,
3/4) mottling.

473 Chert, fine grained, yellow-brown(1OYH,6/6) with dark
red(1OR,3/6) banding, and an area of olive(5Y,5/3)
with black mottling.

474 Chert, fine grained, gray(lOYR,6/1) with dark gray(1OR,

4/1) bands and very pale brown(1OYR,8/3) areas.

475 Chert, fine grained, very dark gray(7.5YR,3/0).

4716 Chert, fine grained, light gray(1OYR,7/1) with brown-
yellow(1QYR6/6) mottling.

477 Chert, fine grained, dark gray(1OYR,4/1) with grayC2.5YR,
6/0) and white(1QYR,8/1) banding.

478 Chert, fine grained, dark gray-brown(2.5Y,4/2) with very
dark gray(5YR,3/1) bands and mottling.

479 Chert, porous, grayC7.5YR,5/0) with dark gray(lOYR,3/1)
banding.

480 Chert, fine grained, light grayC5Y,6/1) with dark gray
(7.5YR,4/0) bands and mottling.

481 Chert, fine grained white.

482 Chert,porous, gray (5Y, 6//1) with dark red (2.5YR, 3/6),
red-yeilow(7.5YR,7/8), and gray(7.5YR,5/0) mottling.

483 Chert, porous, light gray(lOYR,7/1) with gray(1OYR,
6/1) mottling.

484 Chert, fine grained, dark gray(2.5YR,4/0) with white
(10YR,812) bands or patina.

485 Chert, fine grained, light gray(1OYR,6/1).

486 Chert, fine grained, fi3sury, light gray(7.5YR,6/O)
with very dark gray(1OYR,3/1) areas.

487 Chert, fine grained, brown(7.5YR,512)

488 Chert, fine grained, light gray(5y,7/1) with white
(5Y,8/2) mottling and banding.

489 Chert, fine grained, light gray(5Y,7/1) with white
(10YR,8/2) mottling and banding.

490 Chert, fine grained, light brown-gray(2.5Y,6/2) with
yellow-red(5YR,4/6) mottling and bands.
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491 Chert, fine grained, dark gray(7.5YR,4/0) with black

C7.5YR,2/0) bands and mottling.

492 Chert, fine grained, dark grayC2.5YR,4/O).

493 Chert, fine grained, olive gray(5Y,5/2).

494 Chert, fine grained, red-brown(2.5YR,4/4) with white

(2.5Y,8/0).

495 Chert, fine grained, light red(2.5YR,6/6).

496 Chert, fine grained, strong brown(7.5YR,5/6) with black
not tlin g.

49 1 Chert, fine grained, light brown-gray(2.5Y,6/2) with

black and yellow-red(5YR,5/8) mottling.

498 Chert, fine grained, dark yellow-brown(lOYR,4/6).

499 Chert, fine grained, very dark gray(l1OYR,3/1).

500 Chert, fine grained, white(5Y,8/2).

501 Chert, pale red(1OR,6/3) with dusky red(1OR,3/2)
mottling.

502 Chert, fine grained, weak red(2.5YR,5/2) with light-
brown red(2.5YR,6/4).

503 Chert, fine grained, light gray(2.5Y,6/0) with black
mottling.

504 Chert, fine grained, weak red(1OR,4/4) with dusky
red(IOR,3/3) areas.

505 Chert, fine grained, dark grayC2.5YR,4/0) with black
areas.

506 Chert, fine grained, yellow-red(5YR,5/8) with light
gray(5YR,7/1), and, red-yellow(5YR,6/8), areas, and
red(1OR,5/8), white(5Y,8/1) and dark gray(7.5YR,4/0)
bands.

507 Chert, fine grained, dark red-gray(5YR,4/2) with light
grayC7.5YR,7/0) mottling, very dark gray(7.5YR,3/0)
and very pale brown(lOYR,8/3) areas.

508 Chert, fine grained, fossilferous, dusky red(l0R3/3)
with light red(IOR,6/8) mottling and banding.

509 Chert, fine grained, light gray(2.5Y,6/Q) with yellow

(1OYR,7/6), white(1OYR,8/1), and dark gray(1OYR,4/1)
mottling.
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510 Chert, fine grained, white(1OYR,8/1) with red-yellow
(5YR,7/6), white(10YR,8/1), and dark gray(10YR,'4/1)
mottling.

511 Chert, fine grained, very dark brown(10YR,2/2) with
dark brown((7'.5YR,3/4) and white inclusions.

512 Chert, fine grained, fossiliferous, dark grayC'?.5YR,'4/0).

513 Chert, fine grained, fossiliferous, yellow(1OYR,7/6).

51~4 Chert, fine grained, light brown to light pink-gray(7.5YR,,-
6/2-6/4) with red-yellowCSYR,6/8) areas and black mottling.

515 Chert, fine grained, pale red(1OR,6/3) with dusky red(10R,
3/3) bands and areas, dark gray(2.5YR,14/0) and light
yellow-brown(2.5Y,6/4) areas.

516 Chert, fine grained, gray-brown(2.5Y,5/2) with dark olive-
gray(5Y,3/2) and red-yellow(7.5YR,6/8) areas.

517 Chert, fine grained, pink-gray(5YR,6/2) with red-brown
(5YR,4/4i) bands and black areas.

518 Chert, fine grained, light gray(2.5YR,6/1) with red-yellow
(5YR,7/6), and red(1OR,'4/6) bands, dusky red(10R,3//4)
mottling and banding.

519 Chert, fine grained, light olive-brown(2.5Y,5/4) with

silicious white(1OYR,8/0) inclusions.

520 Chert, fine grained, white with gray(10YR,6/1) mottling.

521 Chert, fine grained, dark red-brownC5YR,3/4) with brown-
yellow(1OYR,6/8) and brown(7.SYR,5/4) banding and black
mot tl1ing.

522 Chert, fine grained, dark red(1OR,3/6) with brown-yellow
(10YR,6/6) mottling.

523 Chert, grainy, gray-brown(2.5Y,5/2) with dark gray areas.

524 Chert, fine grained, red-gray(5YR,5/2) with very dark gray

(7.5YR,3/0) banding and patina.

525 Chert, fine grained, fossiliferous, dark gray(5Y,4/1).

526 Chert, porous, dark gray(7.5YR,4/0).

527 Chert, fine grained, dark brown(7.5YR,3/2) with black bands.

528 Chert, fine grained, dark yellow-brown(1OYR,4/6) with red
(1OR,'4/6) banding.

529 Chert, fine grained, gray-brown(1OYR,5/2).
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530 Chert, porous, white(2.5Y,8/2).

531 Chert, fine grained, very dark grayC2.5Y,3/0) with gray
(2.5Y, 5/0) and porous brown mottling and white inclusions.

532 Chert, fine grained, dark yellow-brown (1OYR, 3/4) with small
faint yellow bands.

533 Chert, grainy, dark yellow-brown(1OYR,4/6).

534 Chert, fine grained, pale brown(lOYR,6/3).

535 Chert, fine grained, dark yellow-brown(IOYR,4/4 to 3/4)
with redC2.5YR,5/8) and dark gray areas.

536 Chert, fine grained, fossiliferous, dusky red(2.5YR,3/2).

537 Chert, fine grained, fossiliferous, dark gray-brown(2.5Y,

4/2) with pale red(2.5YR,6/2) and black areas.

538 Chert, fine grained, fissury, dark gray(10YR,4/1) with

brownC7.5YR,5/4) banding and patina, and black mottling.

540 Chert, fine grained, pale brown(1OYR,6/3) with yellow-
brown(1OYR,5/6) and white(1OYR,8/2) mottling, and very
dark gray(7.5YR,3/0) areas.

5)41 Chert, fine grained, pale red(IOR,6/4) with red-gray(10R,
6/1), weak red(1OR,4/3) and light red(1OR,6/8) banding.

542 Chert,fine grained, light gray(1OYR,7/2) with pink-gray
(5YR,7/2) and light red(2.5YR,6/6) banding.

543 Chert, fine grained, weak red(2.5YR,5/2) with dark gray(lOYR,
4/1) and light gray-brown(1OYR,6/2) areas, and yellow-brown
(10YR,6/6) banding.

544 Chert, grainy, olive-brown(2.5Y,4/4) with black and pale
yellow areas.

545 Chert,fine grained, dark red-brown(2.5YR,3/4) with black
mottling.

5146 Chert, fine grained, dark red-brown(5YR,3/3) with gray
(2.5YR,6/0) mottling.

54't Chert, fine grained, pink(7.5YR,7/4).

548 Chert, fine grained, dark red-brown(5YR,3/3).

5119 Chert, porous, black(5YR,2.5/1) with dusky red(IOR,3/4)
and pale yellow dolites.
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550 Chert, fine grained, very dusky red(1OR,2.5/2) with gray
(2.5YR,5/0) mottling and pale red(2.5YR,6/2) areas, and
white to pale yellow inclusions.

551 Chert, fine grained, pale redC2.5YR,6/2) with light gray
(1OYR,6/0) and dark gray banding.

552 Chert, fine grained, dark gray(1OYR,'4/1) with dark red
(10R,3/6) areas.

553 Chert, fine grained, fossiliferous, black(7.5YR,2/0).

554 Chert, fine grained, fossiliferous, light olive-gray
(5Y,6/2).

555 Chert, fine grained, dark gray(7.5YR,4/O) with gray(7.5YR,
5/0) mottling and red(1OR,4/8) areas.

556 Chert, fine grained, dusky red(2.5YR,3/2).

557 Chert, fine grained, very dusky red(2.5YR,2.5/2) with very
dark gray(2.5YR,3/0) bands.

558 Chert, fine grained, strong brown(7.5YR,5/8) with pale
yellow(5Y,8/4) bands.

559 Chert, fine grained, dark gray(1OYR,4/1).

560 Chert, fine grained, fissury, very dark gray(2.5YR,3/0)
with light gray(10YR,7/1) mottling and pale yellow areas.

561 Chert, fine grained, dusky red(1OR,3/3) with red-black
(10R,2.5/1), pale red(10R,6/3), and small black areas.

562 Chert, fine grained, white(10YR,8/2) with yellow-brown
(10YR,5/4) and, light brown-gray(lOYR,6/2) and strong
brown(7.5YR,5/8) mottling.

563 Chert, fine grained, pale red(1OR,6/3) with light gray
(1OYR,7/1) bands and dark gray(5YR,4/1) areas.

564 Chert, fine grained, dark gray(10YR,4/1) with pale red
(10R,6/3), very dark grayC7.5YR,3/0), and pale yellow,
with yellow-brown(lOYR,6/8) bands.

565 Chert, grainy, brown-yellow(10YR,6/6).

567 Chert, medium grained, gray-brown(lOYR,5/2) with dark
gray(10YR,LI/1) and dark red-brown(2.5YR,2.5/4) bands,
and white areas.

568 Chert, fine grained, olive-brown(2.5Y,4/4) with dark
red(1OR,3/6) mottling.
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569 Chert, grainy, light gray to white(1OYR,8/2 to 7/2) with
dark red(10R,3/6) and brown-yellow(1OYR,6/6) areas, and
black mottling.

570 Chert, fine grained, dark gray(5YR,LI/1) with brown-
yellow(1OYR,6/8) and pale yellow to very pale brown
mottling.

5'11 Chert, fine grained, dark red-grayC5YR,4/2) with very
dark gray(2.5YR,3/O) mottling and banding, and strong
brown('l.5YR,14/6) areas.

57(2 Chert, fine grained, dark red-brown(5YR,3/2) with very
dark grayC2.5YR,3/0) banding and very dark grayC5YR,3/1)
areas.

573 Ghert, grainy, dark red(1OR,3/6) with gray inclusionsI

5714 Chert, fine grained, white(1OYR,8/1) with gray(IOYR,
6/1) mottling and dark red(IOR,3/6) banding.

575 Chert, fine grained, white(1QYR,8/1) with pale red
(2.5YR,6/2) and, dark red-gray(lOR,3/1) banding.

576 Chert, fine grained, brown(lOYR,5/3) with yellow
(lOYR,7/6) mottling and gray(1QYR,6/1) banding.

577 Chert, fine grained, weak red(JOR,4/2) to dusky red
(10R,3/4).

578 Chert, fine grained, porous, very dark gray(7.5YR,3/0)
with black banding and white areas.

579 Chert, fine grained, pale brown(1OYR,6/3) with strong
brown(7.5YR,5/6) patina.

580 Chert, fine grained, weak red(1OR,5/3).

551 Chert, fine grained, pink-grayC7.5YR,7/2) with black
mottling.

582 Chert, fine grained, very pale brown(lOYH,8/4) with
red-brown(2.5YR,4/4), and red-brown(2.5YR,4/4 to 5/14)
and light red-brown(2.5YR,6/4) mottling.

583 Chert, fine grained, gray(1OYR,6/1) with white(1OYR,8/1)
yellow(10YR,8/6) and yellow-brown(1OYR,5/6) inclusions.

584 Chert, fine grained, dark red(1QR,3/6) with yellow-red
(5YR,5/6 to 5/8), pale brown(1OYR,6/3), and light

brown(7.5YR,6/4) areas.

585 Chert, fine grained, gray to dark red-gray(5YR,4/2 to 5/1).
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586 Chert, fine grained, very dark gray(7.5YR,3/O) with gray
(2.5YR,6/O).

58? Chert, fine grained, dark grayC2.5YR,4/O) with dark red
(10R,3/6) lines.

588 Chert, grainy, gray(5YR,5/1) with red-yellow(5YR,6/6)
lines and areas.

589 Chert, medium grained, light red-brown(2.5YR,6/4) with
very pale yellow(10YR,8/4) mottling and dark gray(2.5YR,
4/1) banding and mottling.

590 Chert, fine grained, gray(lOYR,5/1) with red(1OR,1I/6) and
dark gray(2.5YR,'4/0) mottling, with pink(5YR,8/4) and
white(5YR,8/ 1) brecciated inclusions.

591 Chert, grainy, dark red-gray(1OR,3/1) with fine grained
bands.

592 Chert, fine grained, light gray(1OYR,7/2) to very pale
brown(1OYR,7/3) with gray(7.5YR,5/0) mottling.

593 Chert, grainy, blackC7.5YR,2/0).

594 Chert, fine grained, white(10YR,8/1) to light gray(lOYR,
7/1) with very pale brown(1OYR,8/3) inclusions.

595 Chert, grainy, pink-gray(7.5YR,7/2).
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APPENDIX III

Chronology

A. Source Groups of Keystone Sites 36 and 37 Obsidian

B. Obsidian Hydration Dates, Keystone Sites 36 and 37

C. Radiocarbon Dates, Keystone Sites 36 and 37

D. Radiocarbon and Obsidian Hydration Dates from other
Sites Southwestern New Mexico
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C)MOHLAB
1188 Smithfield Street February 3, 1984

State College, Pa. 16801 Invoice No. 169

(814)237-8681 P.O. No. 9140

SOURCE AFFINITY TEST ON OBSIDIAN ARTIFACTS FROM KEYSTONE

Sam~ple No. K 20(%) Fe 203 T(%) CaO(%) Rio Grande Group

169-36-002 4.42 1.20 0.25 II
169-36-082 4.34 1.15 0.30 II
169-36-132 4.26 0.82 0.36 I
169-37-037 0.10 (not obsidian)
169-37-215 4.30 0.82 0.35 I
169-37-267 4.35 1.03 0.22 II
169-37-296-1 4.41 1.03 0.24 1I
169-37-366-1 4.32 0.83 0.27 1
169-37-401 4.27 1.01 0.28 II
169-37-541 4.38 1.19 0.23 1I
169-37-610 4.58 0.75 0.32 1
169-37-693 0.17 (not obsidian)
169-37-710 4.39 1.22 0.22 11 (unworked pebble)
169-37-712 4.43 1.14 0.22 II
169-37-739 4.24 1.05 0.26 II
169-37-757 4.04 0.83 0.29 1
169-37-791 4.29 1.14 0.27 I
169-37-810 4.21 0.81 0.31
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MOH LABMay 1, 1984
1188 Smithfield Street Invoice No. 183

State College, Pa. 16801
(814)237-8681

SOURCE AFFINITY TEST FOR ARTIFACTS FROM KEYSTONE

SaMDle No. Al12 0 3  Na 2020 Fe 2 o T CaO MgO Source Affinity

183-K(36-1008 4.47 1.02 0.20 Grou P 2
183-K(36-977 4.06 0.63 0.30 Group 6
183-K(36-980 4.45 1.32 0.23 Group 2
183-K(36-596 0.24 0.37 not a glass
183-K(37-975 4.25 1.15 0.20 Group 2
183-K(37-1258 4.15 0.77 0.29 Group 6
183-K(37-1807 4.77 0.76 0.27 Group 1
183-K(37-1796 4.45 1.21 0.23 Group 2
183-K(37-1795 4.47 1.11 0.21 Group 2
183-K(37-1808 11.60 4.18 4.63 0.75 0.25 0.06 Group 6
183-K(37-1809 12.01 3.88, 4.85 0.73 0.28 0.07 Group 6
183-K(37-1793 3.82 0.60 0.30 Group 6
183-K(37-1792 4.11 1.02 0.67 Group 3
183-K(37-2119 1.1.54 4.39 1.09 0.19 0.05 Group 2
183-K(37-977 4.06 0.63 0.30 Group 6
183-K37-1573 0.96 0,25 0.05 Group 2
183-K(37-2090 4.45 0.76 0.27 Group 1
183-K(37-1882 4.44 1.03 0.22 Group 2
183-K(37-1254 4.63 0.86 0.34 Group 1
183-K(37-1123 4.54 0.80 0.35 Group 1

J~eW: Michelsn, Ph.D.
Consulting Archaeonetrist
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Results of Obsidian Hydration Analysis

Keystone Site 36

Source
Sample Group Rim (u) SDEV(+/-) Date 95% Conf. Int.

0002 11 2.13 .06 AD 679 +/-75 AD 529-829
1008 11 2.13 .0 679 +/-75 AD 529-829
0082 II 2.10 .07 715 +/-86 AD 543-887
0980 11 2.11 .03 703 +/-37 AD 629-777

Keystone Site 37

1796 1I 1.90 .07 AD 1015 +/-73 AD 869-1161
0541 11 1.89 .04 1025 +/-41 AD 943-1107
2119 II 1.83 .03 1085 +/-29 AD 1027-1143
2090 11 2.73 .03 1139 +/-18 AD 1103-1 175
1123 1 2.69 .03 1164 +/-19 AD 1126-1202
1795 II 1.73 o06 1181 +/-57 AD 1067-1295
0267 II 1.71 .03 1199 +/-27 AD 1145-1253
1254 1 2.63 .05 1200 +/-30 AD 1140-1260
1807 1 2.60 o04 1218 +/-24 A) 1170-1266
0712 11 1.69 .05 1218 +/-4~6 AD 1126-1310
1573 II 1.68 o04 1227 +/-37 AD 1153-1301
0975 11 1.66 o06 1245 +/-55 AD 1135-1355
0401 II 1.63 .0 1271 +/-53 AD 1165-1377
1882 II 1.56 o04 1331 +/-34 AD 1263-1399
0296 II 1.56 .05 1331 +/-42 AD 1247-1415
0791 II 1.51 .07 1372 +/-58 AD 1256-1488
0739 11 1.51 .05 1372 +/-41 AD 1290-1454
0977 VI 2.22 .05 1382 +/-17 AD 1348-1416
1258 VI 1.90 o06 1467 +/-33 AD 1401-1533
1793 VI 1.94 .06 1445 +/-33 AD 1379-1511
1808 VI 1.90 .03 1467 +/-16 AD 1435-1499
1809 VI 1.92 .04 1456 +/-22 AD 1412-1500

6
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Provenience and Context of Obsidian Hydration Samples

Site Sample Artifact Associations"
No. No. Unit Level Type or Remarks

36 596 15N36W 1 Flake Assoc. Fea. 3
36 977 8NOE 1 Flake, util. 4 m NE of Fea. 4
36 980 40NOE 1 Flake
36 1008 12N22W 2 Flake

37 267 25N20W surface Flake Adjacent to
Fea. 51

37 296 2S42W surface Flake
37 401 33N45W surface Pebble Core Adjacent to Fea.

44, 67
37 541 31S19W surface Flake
37 712 22S19.5W surface Scraper 3 m south of

Fea. 20

37 791 27N3E surface Flake
37 975 lOS2OW surface Scraper Assoc. Fea. 1

37 977 lOS20W 1 Flake Assoc. Fea. 1
37 1123 lOS20W 1 Flake Assoc. Fea. 1
37 1254 13N32W surface Flake 4 m south of

Fea. 29
37 1258 ON40W surface Pebble Core 5 m south of

Fea. 54, 60
37 1573 20S24W 2 Flake Assoc. Fea. 21
37 1793 17N29W 1 Flake Fea. 29
37 1795 10N44W 1 Pebble Core Assoc. Fea. 15
37 1796 10N44W 1 Pebble Core Assoc. Fea. 15

37 1807 0111W surface Flake 1 mn ncrth of
Fea. 37

37 1808 12N28W 2 Flake in dense scatter
SE of Fea. 29

37 1809 15N53W surface Flake 4 m south of
Fea. 39

37 1882 60S6E 1 Pebble Core
37 2090 38S18W 4 Pebble Core Assoc. Fea. 26
37 2119 lOS14W 1 Flake Assoc. Fea. 36
37 739 33S12W surface Flake 5 m SW of Fea.

14, 18
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Radiocarbon Dates

Keystone Site 36

95% Conf'idence Interval

Feature for Tree-Ring Calibration
Sample Association* C-14 Adjusted (Klein, et al 1982)

0680 10 (LFCR) 2660 +/-80 BP 1045-600 BC
1019 17 (SFCR) 2110 +/-80 BP 525-15 BC
0981 18 (SFCR) 2320 +/-140 BP 785-35 BC
0978 14 (SFCR) 2240 +1-200 BP 780 BC-AD 190
0461 7 (LFCR) 1740 +/-100 BP AD 40-550

Keystone Site 37

1237 3 (LFCR) 3410 +/-160 BP 2125-1420 BC
1591 21 (SFCR) 2890 +/-90 BP 1375-825 BC
1789 34 (LFCR) 2780 +/-50 BP 1210-805 BC
1812 22 (SFCR) 2170 +/-100 BP 595-155 BC
3544 40 (Pitstr) 1570 +/-80 BP AD 235-615
3745 35 (Pitstr) 1050 +/-90 BP AD 780-1210
1797 29 (Pitstr) 860 +/-130 BP AD 895-1340
1785 25 (SFCR) 760 +/-150 BP AD 1025-14 10
1802 29 (Pitstr) 740 +/-90 BP AD 1070-1390
1803 29 (Pitstr) 560 +/-100 BP AD 1260-1485

*LFCR Large Fire-Cracked Rock Feature
SFCR Small Fire-Cracked Rock Feature
Pitstr Pitstructure
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Provenience of Radiocarbon Samples

Site Sample Depth or Extended Associations and
No. No. Unit Level Counts Contexts

36 461 20S14E 1A + Fea. 7, depth 20 -
30 cm BSD weight=

1.7 grams

36 680 42S0E IC Fea. 10, in ash
cone., 35-47 cm
BSD 8.5 grams

36 978 2S22W 3 + Fea. 14, 20-30 cm
BSD 1.1 grams

36 981 1S26W 5 + Fea. 18, main
cone., 47 cm
BSD 3.9 grams

36 1019 32N2E 2A Fea. 17, 25-30
cm BSD 5.6 grams

37 1237 32N8E 2 + Fea. 3, 30 cm BSD
Within FCR scatter
1 .2 grams

37 1591 20S24W 3 Fea. 21, base of

Fea., 20 cm BSD

7.4 grams

37 1785 2N8E 2,3 + Fea. 25, 25-36 cm
BSD in undisturbed
ashy layer, 4.2
grams

37 1789 18S12E 2-4 Fea. 34, dense
cone., 30-53 cm
BSD, 19.6 grams

37 1797 17N33W 62 cm + Fea. 29, 62 cm
BSD in fill 2 cm

above floor, 2.7
grams

37 1802 17N33W 55 cm + Fea. 29, 55 cm
BSD in fill 3 cm
above floor
(sloping) 3.9
grams
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Provenience of Radiocarbon Samples - Continued

Site Sample Depth or Extended Associations and
No. No. Unit Level Counts Contexts

37 1803 17N33W 52 cm + Fea. 29, 51 cm
BSD in fill 3 cm
above floor
(sloping), 7.9
grams

37 1812 4S29W 82 cm Fea. 22, large
solid sample in
base of fea. 11.1
grams

37 3544 Fea. 40 + Fea. 40, fill
stratum 3, 2-3 cm

above floor, 2.7
grams

37 3745 Fea. 35 40 cm Fea. 35, on floor
in slight de-

pression, 4.3
grams
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Analysis of Radiocarbon and Obsidian Hydration Dates
from Other Sites in Southwestern New Mexico

Grants Prison Sites, Valencia County, Central New Mexico
NMSU 1341 (Batcho 1984a:21-22)

95% Confidence
Radiocarbon Dates Interval

1650 +/-70 BP AD 160-440
1740 +/-160 BP 110 BC-AD 530
1610 +/-90 BP AD 160-520

Average Date (Long and Rippeteau 1974 Method): AD 303 +/-52 years
Tree-Ring calibrated average dates, 95% confidence interval:

AD 230-570 (Klein et al. 1982)

Obsidian Dates 95% Confidence Interval

AD 212 +/-51 AD 110-314
AD 233 +/-73 AD 89-377

AD 261 +/-64 AD 133-389
AD 338 +/-55 AD 228-448
AD 379 +/-34 AD 311-447
AD 427 +/-54 AD 319-535

AD 453 +/-46 AD 361-545
AD 467 +/-47 AD 373-561
AD 506 +/-66 AD 374-638
AD 506 +/-39 AD 428-584

AD 519 +/-46 AD 427-611
AD 545 +/-65 AD 415-675

AD 780 +/-60 AD 660-900

Sites FA 20 (NMSU 1386) and FA 24 (NMSU 1393),

Doiia Ana County, New Mexico

95% Confidence

Site Radiocarbon Dates Interval

FA 20 550 +/-50 BP AD 1300-1500

FA 20 690 +/-40 BP AD 1180-1340
FA 20 590 +/-50 BP AD 1260-1460
FA 24 1000 +/-50 BP AD 850-1050
FA 24 870 +/-50 BP AD 980-1180
FA 24 590 +/-60 BP* AD 1240-1480*
FA 24 570 +/-50 BP* AD 1280-1480'
FA 24 530 +/-50 BP* AD 1320-1520'
FA 24 200 +/-110 BP AD 1530-1970

*Determined to be most accurate (David Batcho, personal comm.)
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Obsidian Hydration Dates

Source 95% Confidence
Site Group Rim(u) SDEV(./-) Date Interval

FA 20 1 .53 .07 AD 327 +/-61 AD 1205-1449

FA 24 1.54 .05 AD 1318 +/-44 AD 1230-1406

FA 24 1.52 .04 AD 1336 +/-35 AD 1266-1406I
FA 24 1.51 .07 AD 1344 +/-61 AD 1222-1466
FA 24 1.51 .08 AD 1344 +/-70 AD 1204-1484
FA 24 1.51 .06 AD 1344 +/-52 AD 1240-1488

FA 24 1.46 .03 AD 1386 +/-25 AD 1336-1436

Peia Blanca Rock Shelter, Doiia Ana County, New Mexico
(Steadman Upham, Personal Communication, 12/5TT-

Obsidian Hydration Dates

Source 95% Confidence
Group Rim (u) SDEV(+/-) Date Interval

El 1.76 .07 AD 963 +/-83 AD 797-1129
11 1.72 .05 AD 1009 +/-57 AD 895-1123
11 1.61 .07 AD 1130 +/-76 AD 978-1282
lIE 1.59 .06 AD 1151 +/-64 AD 1023-1279
II 1.49 .09 AD 1253 +/-92 AD 1069-1437

Radiocarbon Dates
95% Confidence

Site Sample Radiocarbon Dates Interval

PeiTa Blanca 21 630 +/- 50 BP AD 1230-1430
Pe? a Blanca 46 520 +/- 60 BP AD 1300-1540
Pei-a Blanca 30 800 +/- 70 BP AD 1010-1290
Pe?1a Blanca 45 800 +/- 50 BP AD 1060-1260
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Meyer Range Pithouse Village, Fort BlisS
(Vernon Scarborough, personal communication)

Archeomagnetic Dates

Prove nie nc e Date

Pithouse #f 1 AD 1160-1300

Pithouse # 2 AD 1150-1235

Pithouse #f 3 AD 1175-1225

Piehouse #f 4 AD 1175-1200

Obsidian Hydration Dates

Source 95% Confidence
Group Rim SDEV(+/-) Date Interval

1I 1.69 .07 AD 1182+/-67 AD 1115-1249

II 1.71 .07 AD 1163+/-68 AD 1095-1231

II 1.73 .07 AD 1144+/-69 AD 1075-1213

11 1.82 .07 AD 1054+/-73 AD 981-1127

II 1.74 .09 AD 1134+/-90 AD 1044-1224

484

~ A



4D

* Jyqew


