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ABSTRACT

Ground stone bedrock features are common at archaeological sites in the Lower
Pecos Canyonlands of southwest Texas. These features are human-made holes pecked,
ground, or worn into bedrock or large boulders, and were used for a variety of processing
activities by the indigenous peoples. Although archaeologists in the region have
informally recognized different “types” of ground stone bedrock features (e.g., slicks,
grinding facets, deep mortars), there have been no dedicated studies of bedrock features.
Due to their widespread occurrence in the region, bedrock features represent an untapped
research avenue regarding the lifeways of Lower Pecos hunter-gatherers. Therefore, to
gain a better understanding of these understudied features I mapped, documented, and

analyzed 824 bedrock features at ten sites across the region.

Using Structure from Motion (SfM) photogrammetry, I collected high-resolution
three-dimensional data of bedrock features. Measurements (length, width, and depth) for
each feature were calculated from the 3D data in ArcGIS. These quantitative, metric data
were analyzed for feature variation at individual sites, and then compared between sites
to determine any differences. Results showed the metric distribution is not significantly
different between the sites. Feature data were then combined into sub-regional groups
(Pecos River, Devils River, Eagle Nest Canyon and 41VV75), and metric differences

compared based on the geographic location. The analysis showed no significant
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differences between the sub-regional groups. In order to better characterize the data and
understand the range of morphological variation in the entire data set, a cluster analysis
was conducted. This analysis resulted in definition of four distinct clusters characterized

in regards to their metric attributes.

To further analyze the four clusters and how they might differ, I analyzed the use-
wear patterns within each cluster. This analysis suggested that two clusters (Clusters 1
and 3) were mostly shallow, general-use features, while the other two clusters (Clusters 2
and 4) were deep, specialized features. Both Cluster 2 (conical mortars) and Cluster 4
(cylindrical mortars) represent features that required a substantial time and energy
investment to create. Further, based on the use-wear patterns, features in Clusters 2 and 4
were intentionally manufactured to a specific shape for a specific purpose. In contrast,
features in Clusters 1 and 3 were initially manufactured for ease of use, and subsequent
use appears to have minimally modified the surface. The findings of the use-wear
analysis are supported by ethnographic accounts of how shallow and deep bedrock

features were used.

This study represents an initial exploration of bedrock features in the Lower Pecos
Canyonlands. More research with a larger sample of bedrock features is needed to refine
and test the hypothesized clusters and functions put forth in this thesis, as well as create a

formalized typology.
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I. AN INTRODUCTION TO GROUND STONE BEDROCK FEATURES IN THE

LOWER PECOS CANYONLANDS

Across the Lower Pecos Canyonlands of southwest Texas are thousands of
human-made holes pecked, ground, or worn into the limestone bedrock in rockshelters
and on the uplands. These holes have been called many names such as mortars, grinding
facets, and slicks, and were likely utilized for a variety of processing activities. Ground
stone bedrock features are a widespread, yet understudied tool set within the Lower
Pecos. Herein, the term “bedrock features” will be used as shorthand to refer to all
permanent grinding or pounding features set in bedrock or large boulders that cannot be
moved'. Archaeologists typically categorize these features by morphology and the
perceived type of activity (e.g., pounding, reciprocal grinding, circular grinding, etc.). For
example, grinding facets are shallow basins likely used to grind foods with a back and
forth or circular grinding motion. Mortars are deep holes that were utilized for crushing
or pounding, probably using straight up and down motions or possibly rotary or circular
motions in some instances. Lastly, “slicked” areas are flat surfaces that have a shiny,
smooth appearance and their function is unknown. The highly polished surface could be
the result of multiple activities such as polishing hides or another activity that might
include oily substances. These ad hoc categories, or perceived “types,” have been created
without rigorous analysis of any bedrock features in the region. The goal of this thesis is

two-fold: 1) to better understand the morphological variation of bedrock features and

! Other grinding technologies are found in the region such as metates, which are shaped portable grinding
surfaces that are typically ovoid in morphology with one grinding area per stone (e.g., Dibble 1967; Martin
1933; Ross 1965). However, metates are greatly outnumbered by the thousands of permanent grinding or
pounding features set in bedrock across the region.



two-fold: 1) to better understand the morphological variation of bedrock features and
create the first regional typology; and 2) to advance hypotheses about the roles bedrock
features played for Lower Pecos foragers. The hypotheses will be based on multiple lines
of evidence including ethnographic information, use-wear analyses, morphological
statistics, and theoretical discussions of how hunter-gatherers produced and utilized

ground stone technology.

The Lower Pecos and Bedrock Features

The Lower Pecos Canyonlands is a unique region housing an impressive culture
history extending over the past 13,000 years (Dering 2002:3.1; Turpin 2004). The
boundaries for the region are defined by Turpin (2012:Figure 1) as encompassing the
known occurrence of Pecos River style pictographs, which extends approximately 150
km south and 50 km north, east, and west of the Rio Grande-Pecos River confluence
(Figure 1.1). Prehistoric groups utilized the entire Lower Pecos landscape, taking
advantage of rockshelters carved out of the Cretaceous limestone in rugged canyons (e.g.,
Dibble and Prewitt 1967; Rodriguez 2015; Ross 1965) as well as upland areas and stream
terraces (e.g., Basham 2015; Campbell 2012; Koenig 2012; McClurkan 1968; Roberts
and Alvarado 2012; Saunders 1986, 1992). Environmentally, the Lower Pecos is situated
at the intersection of three biotic provinces: the Balconian, the Tamulipan, and the
Chihuahuan (Blair 1950:98) (Figure 1.2). Each of these provinces has their own
characteristic flora ranging from juniper-oak savannah to mesquite-acacia savannah to a
sotol-lechuguilla-creosote savannah (Dering 2002: Figure 2.2). This broad ecotone

allowed prehistoric peoples to harvest a variety of resources within a relatively small
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area, including many plants that likely required processing in bedrock features such as
mesquite (Prosopis glandulosa), little leaf walnut (Juglans microcarpa), prickly pear
cacti (Oppuntia spp.), lechuguilla (4gave lechuguilla), sotol (Dasylirion texanum),

yuccas (Yucca spp.), and various acorn-bearing oaks (Quercus spp.).

ower Pecos Cultural Area |
(Turpin 2012:Figure 1)

Figure 1.1. Location of the Lower Pecos Canyonlands with Turpin’s (2012) cultural boundary
shown. Adapted from Turpin (2012:Figure 1).

The Lower Pecos region was inhabited from at least the Late Pleistocene
(>12,000-9,000 RCYBP) through Historic times (Turpin 2004); however, it is unknown
when bedrock features were used. Currently, there are no direct dating methods for
bedrock features and it is possible, even likely, that they were used over lengthy spans of

time. Even when bedrock features are found in excavated contexts (e.g., Pearce and



Jackson 1933), it is tenuous to date the use of the feature using the sediment found inside
because materials from different time periods can become easily trapped and mixed in
these holes. Once a bedrock feature is in place, any sediment or debris from subsequent
use of the area can fall in the hole, making it difficult to determine which deposits are
associated with the actual use of the feature. There appears to be no archaeological
evidence that ground stone bedrock features were utilized during the Paleoindian period.
At some sites, bedrock features have been found buried in rock shelters deposits that date
to various times in the Archaic period (e.g., Collins 1969; Pearce and Jackson 1933). The
use of bedrock features likely extends from the at least as early as the Middle Archaic to
Late Prehistoric periods, coinciding with greater exploitation of wild plant foods,

particularly agave and sotol baked in earth ovens (Dering 2007; Turpin 2004).

H Lor Pecos Cultural Area
(Turpin 2012:Figure 1)

Figure 1.2. Location of the Tamaulipan, Chihuahuan, and Balconian
environmental zones in relation to the Lower Pecos cultural boundary.
Adapted from Dering (2002:Figure 2.5).



Analysis of Bedrock Features in the Lower Pecos

Due to the arid environment, perishable artifacts and fragile features are often
well-preserved within the region’s dry rockshelters. This preservation has allowed
archaeologists to conduct analyses on a wide variety of material culture not preserved in
other areas (e.g., McGregor 1992). Although bedrock features often occur in Lower
Pecos rockshelter sites, research in the region has largely ignored this part of the
archaeological record and has mostly focused on the recovery of perishable artifacts and
recording the various styles of vibrant pictographs (e.g., Boyd 2003, Dibble and Lorrain
1968; Jackson 1938, Kirkland and Newcomb 1967, Martin 1933; Parsons 1965; Turpin

2004).

To date, bedrock features have been recorded at 308 of 2,202 known sites in the

Lower Pecos (Figure 1.3). This is obviously a gross underrepresentation due to the fact

+ Sites with Bedrock Features
in Val Verde Cou

Figure 1.3. All recorded sites in Val Verde County with bedrock features.
Data collected from the Texas Archeological Sites Atlas and the Texas
Historical Commission in April 2014.



that only relatively small portions of the region have been surveyed and due to the
inconsistent reporting of bedrock features on site forms. Nonetheless, these features have
a commanding presence across the landscape and undoubtedly played important roles in
the lives of Lower Pecos hunter-gatherers. This study is intended as a first step in
understanding Lower Pecos bedrock features by employing a systematic documentation
methodology and providing new data on the variation of bedrock feature morphology and

use-wear patterns between and within sites.

For this project, I recorded attribute and metric data for 824 individual bedrock
features at ten different sites (Figure 1.4) using a combination of Structure from Motion
Photogrammetry (SfM) and traditional field documentation methods. SfM has become an
increasingly popular method to record archaeological features due to its ease of use and
extreme accuracy. This method includes taking a series of overlapping photos to create a
high resolution 3-dimensional (3D) model. I fully describe and explain SfM procedures
in Chapter 4. I conducted field work during 2014 and 2015 with the help of numerous
volunteers. During this time we mapped and recorded basic attributes on all bedrock
features at the studied sites. Additionally, macroscopic use-wear attributes were recorded
to study of how the features were last used and infer what types of materials may have
been processed. After field work was completed, I analyzed bedrock feature in ArcGIS to

obtain measurements such as length, width, and depth.



@ Bedrock Features
Sites Recorded

Figure 1.4. Locations of the ten sites recorded for this project.

In order to determine the common variations or representative types of bedrock
features, I characterized the metric data for bedrock feature depth, length, and width
across all sites. Then I used cluster analyses to examine the variation in the full data set
and identify any existing groups of similar features. These groups were tested for
significance using discriminant function analyses and Kruskal-Wallis analysis of variance
tests. Lastly, the statistical analysis results are discussed in light of ethnographic accounts
of ground stone use, use-wear analyses, and theories of hunter gatherer tool use. The
question of bedrock feature ontogeny is also discussed; did features develop through time
and use, or were they intentionally manufactured to a specific shape? This discussion

helps shed light on how these features fit into the lifeways of mobile, foraging peoples.



Overall, I seek to provide insights into research questions about diet and subsistence and
create a baseline dataset for a more in-depth study of resource use and technological

adaptation of Lower Pecos hunter gatherers.

Thesis Organization

This thesis is divided into eight chapters. Chapter 2 provides a background of
previous research conducted on bedrock features, both in the Lower Pecos and in other
regions such as California where the majority of published North American bedrock
feature studies have been conducted heretofore. In Chapter 3, ethnographic accounts of
ground stone and bedrock feature use are discussed. Ethnographic information is
reviewed from groups who utilize similar arid-land plant resources as an analogy for
Lower Pecos hunter gatherers. Chapter 4 explains the various field recording
methodologies and GIS analyses conducted. The sites and recorded bedrock features are
described in Chapter 5. This includes discussion of the location and frequency of bedrock
feature areas within each recorded site. In Chapter 6, I characterize the bedrock feature
metric data for each site, sub-regional groupings, and the region overall. Cluster analyses
are used to examine the data and in an attempt to tease out “types” from the quantitative
measurements. Chapter 7 presents the implications of the analysis results and provides a
discussion about how these relate to use-wear analyses, ethnographic accounts, and
manufacture and use of technology. Finally, Chapter 8 provides conclusions and suggests
avenues for future research on ground stone bedrock features in the Lower Pecos.
Appendix A provides terminology definitions for both the general attributes and use-wear

characteristics used in this study. The attribute data, metric data and use-wear patterns



recorded for each bedrock feature are presented in tables in Appendix B. Finally,
Appendix C contains tables indicating which bedrock features belong to each group that

resulted from the cluster analysis.



II. BEDROCK FEATURE RESEARCH AND THEORY

The term ground stone is a somewhat ambiguous name applied to a wide variety
of artifacts and features recorded at archaeological sites across the world. Archaeologists
categorize artifacts as ground stone for two different reasons: 1) the artifact or feature is a
tool utilized during the act of grinding, therefore making a product “ground” (c.f., Adams
1993:331); or 2) the artifact is an object made of stone that is ground down to produce the
final shape or form, such as a carved stone bowl or stone celt (Turner and Hester
1999:296). Ground stone tools often fit into both of these categories. For example, a
trough metate is a specifically carved and shaped grinding surface that was used for
maize processing in the American Southwest. Ground stone artifacts and features are
extremely widespread throughout North America and across the world, and are most
frequently considered a technology related to subsistence. Archaeologists have also
studied ground stone technology to address broader topics such as site occupation (e.g.,
Schlanger 1991), organization of technology (e.g., Hard et al 1996; Hayden 1987;
Mauldin 1993; Smith et al. 2010), mortuary or ritual practices (e.g., Koerper 2006;
Rowan and Ebeling 2008), and social organizations of tasks (e.g., Jackson 1991; Jones

1996).

This chapter discusses previous research on bedrock features, both in the Lower
Pecos and in other regions where ground stone is better researched. Most of the extant
research on ground stone in the Lower Pecos comes in the form of artifact and feature
descriptions in excavation reports. Although useful, most reports lack substantive

research value beyond stating which ground stone tools were found at each site.
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Analyzing ground stone tools has never been the main objective of a research project in
the Lower Pecos. Therefore, the latter part of this chapter will summarize a variety of
approaches to bedrock feature research from across the world. This background is not
intended to be an exhaustive summary of ground stone research, as there are many more

studies than are discussed here, particularly concerning portable ground stone tools.

Even fewer studies have taken on the subject of permanent bedrock features.
These features have been used as a proxy for answering questions related to length of
occupation and what foods were processed, but a major question that must be considered
is how the features ended up as we see them today. There are two different and opposing
ideas in this regard: 1) bedrock features get deeper through longer periods of use, or in
other words, they develop; or 2) bedrock features are manufactured to a particular depth
or shape for a specific purpose. Depending on which of these avenues a researcher uses,
differing interpretations of bedrock features emerge. These topics and theories on ground
stone bedrock features represent an important background for my research and have

implications for future avenues of research on Lower Pecos bedrock features.

Bedrock Feature Research in the Lower Pecos Canyonlands

As mentioned, Lower Pecos bedrock feature research is sorely lacking. Therefore,
this section highlights regional research that holds relevance to the overall topic of
bedrock features. Bedrock feature technology is a two-part system. While my research is
focused on the lower surface in which the material is processed, there also had to be an

implement that was used to complete the crushing or grinding task. Stone manos (smooth
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stones used for crushing or grinding materials), stone pestles (shaped, cylindrical stones
used to crush or pound materials), and wooden pestles (shaped, carved branches used to
crush or pound materials) were all utilized in the Lower Pecos and are vital to the success
of the technology. Thus, this section includes previous research on both bedrock features

and some portable ground stone implements in the Lower Pecos.

Most of the early excavation reports documented the number and general
description of ground stone artifacts, mostly hand stones (“manos”), recovered from
excavation (e.g., Dibble 1967; Dibble and Prewitt 1967; Epstein 1963; Johnson 1961;
Ross 1965). A few reports took it a step further and analyzed the artifacts by placing the
hand stones into categories based on their attributes and hypothesizing about the function
of each specimen (Alexander 1974; Nunley et al. 1965). Martin (1933) and Dibble (1967)
commented on the bedrock mortars and grinding slabs present in the Shumla Caves and
Arenosa, respectively, and wondered at the lack of stone pestles. Wooden pestles and
mortars have been found in the region and were likely heavily utilized as opposed to

stone pestles (Collins and Hester 1968; Prewitt et al. 1981).

Pearce and Jackson (1933) were the first to discuss bedrock features in a
meaningful way through their report of excavations undertaken at Fate Bell rockshelter.
While they briefly mention the visible bedrock feature surfaces, the report provides more
detail about the buried bedrock mortars encountered during excavations (Pearce and
Jackson 1933:41-42). Four mortar holes were discovered, ranging from 12 to 18
centimeters in depth, and were filled with mixed midden material and ashy sediment.
Further, Hole No. 3 had a broken stone pestle wedged in the bottom and Hole No. 4 had

approximately one quart of crushed walnut detritus. Pearce and Jackson (1933) used the
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depth of the features and the amount of deposits covering them to suggest a long period
of occupation for Fate Bell rockshelter. From a similar context at the Perry Calk site,
Collins (1969:15-16) collected materials from four buried mortars and recovered large
amounts of mesquite (Prosopis glandulosa) and prickly pear seeds (Oppuntia spp.),

although he did not indicate if they were crushed or whole.

The most in-depth study on bedrock features was Maslowski’s 1978 dissertation
on investigations at Moorehead Cave on the Pecos River. He was the first and only
archaeologist in the region to discuss criteria for identifying a feature as a specific “type.”
For his purposes, a “grinding facet” had a maximum depth of 5 cm or less, and a
“mortar” was greater than 5 cm in depth (Maslowski 1978:129). While assessing the
morphology of the mortars, Maslowski found most of the openings were ovoid and
hypothesized a rocking motion was likely used to create the holes, rather than strictly a
circular movement. Maslowski (1978:134) also tried to assign relative ages to metates
found in association with Early Barbed and Martindale points which date to the Early

Archaic (Turner and Hester 1999:151).

Overall, and especially in more recent Lower Pecos studies, archaeologists simply
make general observations regarding presence of bedrock features. For example, Shafer
(1988:38) provides three observations about this type of feature, “mortar holes are
common to the area, they sometimes occur in groups of over 100 individual features, and
they are assumed to be associated with processing desert succulents which have been
baked in earth ovens.” Although no in-depth residue studies of bedrock features have

been completed in support of this assumption, it is reasonable to surmise that these
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features might be tied to the staple resources of the region: lechuguilla (Agave

lechuguilla) and sotol (Dasylirion texanum).

Lower Pecos Ground Stone Use and Diet

The second facet of Lower Pecos archaeology which has discussed bedrock
features is coprolite research. Desiccated human excrement (also known as paleofeces)
provides secondary evidence for ground stone use through the presence or absence of grit
or crushed plant remains within coprolited. If seeds or nuts were crushed and broken
prior to being ingested, evidence for how the plants were processed would be preserved
in the excrement. According to Sobolik (1991), the most common seed, nut, and pod
remains found in coprolites are various species of acacia (Acacia berlandieri, A. greggii,
A. rigidula, and A. roemeriana), hackberry (Celtis palida and C. reticulata), Texas
persimmon (Diospyros texana), acorn (Quercus spp.), Texas walnut (Juglans
microcarpa), Texas mountain laurel (Sophora secundiflora), mesquite (Prosopis spp.),
prickly pear (Opuntia spp.), and Mexican Buckeye (Ungnadia speciosa). Williams-Dean
(1978) and Sobolik (1991) reported Texas walnut, juniper (Juniperus ashei), and prickly
pear seeds crushed within coprolites, and assumed the crushing to be from processing
activities with ground stone. However, in many coprolites the walnut shells were still
large fragments and looked as if they were barely cracked before being consumed
(Williams-Dean 1978:183). Other coprolite studies found little evidence for ground foods
(Bryant and Williams-Dean 1975; Reinhard 1992; Sobolik 1988; Williams-Dean 1978).
This is perhaps due to the fact that the majority of the coprolites studied came from sites

with few bedrock features (e.g., Hinds Cave, Baker Cave, and Parida Shelter) (Edwards,
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1990; Sobolik 1989; Stock 1983; Williams-Dean 1978). An exception to this pattern is at
Conejo Shelter, which has numerous bedrock mortars and large amounts of seed, nut, and
pod remains were found in the coprolites; however, the study (Sobolik 1991) does not
infer the method(s) of processing. In a different study examining Hinds and Baker Cave
coprolite residue for sources of dental microwear, Danielson and Reinhard (1998) found
no evidence of grit in the specimens. That said, the current coprolite studies are not
necessarily a representative sample for how the regional diet was processed or cooked.
As paleofeces studies in this region continue, coprolites from sites with numerous
bedrock features should be targeted to look for specific evidence of ground stone

processing.

Bedrock Feature Research and Theories from Other Regions

As mentioned in the previous chapter, ground stone artifacts and ground stone
bedrock features have the potential to inform multiple facets of archaeological research.
Research on ground stone in and of itself has focused on developing a life-history model,
which aims to describe and understand the stages a tool has gone through, from raw
material procurement to discard (Dubreuil and Savage 2014: Figure 1). This is similar to
the chaine opératoire created for chipped stone lithic tools (Sellet 1993:106). Each use
stage can then tie into a larger archaeological question such as analyzing trade routes via
sourcing raw materials or collecting residues to determine what was being processed.
While a majority of this life-history research has analyzed portable grinding implements

such as manos, metates, and grinding slabs (e.g., Gorecki et al. 1997; Mauldin 1993;
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Schlanger 1991), there are several pertinent bedrock feature studies that warrant

discussion.

Bedrock Features- Manufacture vs. Development Theory

The question of form is the most common research theme for bedrock features
across the world. Similar to the present study, most projects try to determine the
morphological variation of the bedrock features types, then attempt to understand how
these types functioned in their specific region. Recent work recording Natufian bedrock
features at multiple sites in Israel is a prime example (Nadel and Lengyel 2009; Nadel et
al. 2009). These projects recorded over 100 bedrock features at two sites and established
11 different types of features. The criteria for these types included depth, the shape of the
feature’s opening, and a description of the profile shape (e.g., bowl-like, funnel-like). It
was concluded that some of these types were undoubtedly used for food processing,
while others appeared to have different functions such as accompanying burials as grave
goods or acting as a place for caching items (Nadel and Langyel 2009:45). While this
classification scheme may be a result of the classic “lumpers” vs. “splitters” dichotomy,
of which they were the latter, their results point to an unresolved topic in bedrock feature
research. That is, do bedrock features develop through time and use, or are they the

product of intentional manufacture?

Traditionally, and in many current studies, the variability in shape and depth of
bedrock features has been associated with how long a feature has been utilized. This
notion is seen in Bennyhoff’s (1956) early study of bedrock mortars in Yosemite. In this
case the mortar depth was used as an indicator for occupational intensity. In fact, some

ethnographic accounts have stated that, “when a cup becomes too deep, a new one was
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started a few feet away” (Barrett and Gifford 1990:203). To the same end, across the
Pacific Ocean in Australia, Gorecki et al. (1997) demonstrated that a previously
established morphological and functional typology of portable grinding stones held no
real value. In this case, Smith (1985) had separated what he called “flat, expedient
grinding slabs” and ““shallow-grooved millstones” into two different functional classes.
The grooved millstone was said to have been used for seed processing and was
manufactured specifically for this activity, while the flat grinding slabs were utilized for a
variety of other wild food items. In contrast, Gorecki et al. (1997) found that aboriginal
peoples preferred flatter surfaces and they considered a deep one to be exhausted.
Further, the depth of the groove was shown to be a product of the availability of raw
material (Gorecki et al. 1997:143). In other words, if raw materials were scarce, a
grinding slab would be used longer and a groove would be worn into the surface. It
should also be noted that non-portable grinding patches (i.e., subtle bedrock features)

were found in these regions as well and the majority of which were less than 1 cm deep.

While the above ideas seem to make logical sense, other archaeologists propose
that bedrock feature morphology is not the result of use and age. Rather, the various
shapes and depths that we see in the archeological record are a product of intentional
manufacture for a specific purpose. This idea was first brought to light by McCarthy et
al.’s (1985) pivotal study conducted on bedrock features in the southern Sierra Nevada
region. They used a “consultant model” with Mono individuals who identified four
different “types” of bedrock features that were all used for different purposes: slicks,
starter mortars, finishing mortars, and seed mortars (McCarthy et al. 1985:342). These

categories were largely dependent on the depth of the feature in question. “Slicks” were
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very ephemeral features that were basically flat surfaces to grind a variety of foods on,
such as manzanita berries. “Starter” mortars were 0-5.5 cm in depth and were utilized
during the first stages of acorn processing. “Finishing” mortars were used for the second
half of processing acorns and were 5.5-9.5 cm deep. “Seed” mortars are the deepest
features at a depth of more than 9.5 cm and they were used for small food items such as
seeds that could fly out of shallower mortars. The Mono consultants also pointed out that
if a mortar got too deep, the acorn flour would turn to a hard oily ball that was not only
difficult to remove from the hole, but was also inedible. With these designations and the
consultant’s comments about “making mortars,” McCarthy et al. (1985:332) felt the

depth of a feature accurately reflected the function or purpose of the mortar.

While the McCarthy et al. (1985:343) study states that the question of
manufacture vs. development likely cannot ever be definitively resolved, they also point
out that deep mortars have vital roles in food processing and the idea of “incipient”
mortars is not useful since the Mono consultants did not consider very shallow features to
be productive. These ideas have changed how archaeologists view bedrock features,
particularly for researchers in the Sierra Nevada. Leftwich (2010) used the McCarthy et
al. study as the cornerstone of his dissertation project evaluating the morphology and
location of 2,654 mortars. He classified sites as either processing stations, temporary
camps, subsidiary camps, or principal camps according to the number of mortars present
(Leftwich 2010:151-155). Then, by looking at the distribution of the bedrock mortar
morphologies within and between sites and using optimal foraging theories, he made
connections to prehistoric behaviors regarding subsistence, settlement, decision-making

and mobility in the north-central Sierra Nevada.
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Employing other methods, Buonasera (2012; 2015) uses experimental procedures
and optimality models to show how dedicating a short manufacture period to features can
increase the efficiency of the grinding activity. Her experiments were designed to reflect
seed processing for short term use but the results are notable for all questions regarding
bedrock feature use and manufacture. When using sandstone, it only took 1.6 hours of
processing for a manufactured shallow basin to become more efficient (Buonasera
2015:340). Buonasera (2015:340) discusses several factors which likely result in the

increased efficiency:

First, shaping makes the overall topography more even than an unshaped surface
by bringing the high points into the same plane. This overall leveling of
topographic highs can increase the effective surface area by allowing a greater
portion of the upper and lower stones to be in contact during grinding. Second,
pecking helps to roughen or “sharpen” the grinding surface. Third, creation of a
shallow basin helps retain material on the grinding surface.

Though Buonasera’s work is tailored to specific conditions, these types of experiments

and theoretical modeling hold promise for better understanding how bedrock features

develop or are created through manufacture.

As seen above, there is currently no consensus on how bedrock features end up
looking as they do today in the archaeological record. However, both of the previously
mentioned factions provide theories as a framework to test against bedrock features in
other areas. In this thesis, both sides will be considered to help interpret the Lower Pecos

bedrock feature morphological data.
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Use-wear Studies on Ground Stone Technology

Another blossoming area of research is the application of use-wear studies on
ground stone tool surfaces (e.g., Adams 1988, 2002; Dubreuil 2004; Hamon 2008;
Wright 1993). The purpose of these studies are similar to other use-wear analyses on
chipped stone tools—to make inferences about the function of the tool in question. Like
chipped stone tools, ground stone artifacts and features were used in a variety of ways
and archaeologists must recognize the question of function is not a straight forward
research topic. The overly simplistic model of “form equals function” should no longer
be acceptable in a rigorous study of any stone tool category. Often, one ground stone tool
was utilized for multiple purposes (e.g., a hand stone being used as a mano and a hammer
stone) or perhaps used for multiple resources (e.g., a mano used to process meat, grass
seeds, and pecans). In order to fully understand function and the different life history
stages of a ground stone tool, use-wear approaches are absolutely crucial (Dubreuil and

Savage 2014).

Use-wear analysis can be carried out at a range of magnification scales, from un-
aided eye to high power microscopic observations, but should always be compared
against a “background sample,” an unmodified natural surface (Dubreuil and Savage
2014). The general idea behind ground stone use-wear studies is to evaluate the surface
topography of the stone for evidence of various wear mechanisms (Adams 2002: 28-29,
2014; Adams et al. 2009). Wear is defined as “the progressive loss of substance from the
surface of a stone item as a result of the relative motion between it and another surface”
(Adams 2002:25). Wear patterns can elucidate what types of items were processed and

the associated motions or actions used with the tool. Defined wear patterns include
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adhesive wear, fatigue wear, abrasive wear, and tribochemical wear (Adams 2002:29-33).
Adhesive wear is characterized by small particles that become dislodged as surfaces
move across one another and stick to the opposing surface. This kind of wear may take a
long time to build up, such as skin oil creating shiny spots on a mano where it is held.
Adhesive wear can be destroyed by another wear pattern—fatigue wear. Fatigue wear
occurs through the crushing and fracturing of rock grains by pressure, such as pecking a
metate to roughen the surface. The third type of wear, abrasive wear, occurs when
loosened particles from adhesive and fatigue wear become abrasive agents as one surface
moves across another. This type of wear can create scratches, gouges, and can level the
topography of the surface. The final type, tribochemical wear, describes the reaction
products such as films or oxides that build up to create a sheen or polish on the surface.
One consideration to keep in mind is that all of these wear patterns can affect or remove
another when the same surface is used. In other words, we are not able to determine every
function the surface may have had but we are able to assess long term, repeated actions

that occurred on ground stone implements.
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III. ETHNOGRAPHIC REVIEW OF BEDROCK FEATURE AND

GROUND STONE TECHNOLOGIES

Ethnographic literature provides many ideas for archaeologists to develop
hypotheses and test against material culture against. Ethnographic accounts from a region
can be incredibly eye-opening as to how or why a technology was used. However, the
cultural identities of the prehistoric hunter-gatherers who once inhabited the Lower Pecos
are not known. Throughout the seventeenth and eighteenth centuries, multiple native
groups were recorded with the area in and around the Lower Pecos Canyonlands,
although none are well documented and currently it is unknown which groups were
present in the Lower Pecos before the Historic period (Kenmotsu and Wade 2002:Table
2). In the seventeenth century, the groups most commonly associated with the Lower
Pecos were the Mescalero and Lipan Apache (Kenmotsu and Wade 2002:79). While the
Apache were spread throughout the southwestern Edwards Plateau and Trans-Pecos
regions, their presence along the lower parts of the Pecos River are well documented
(Kenmotsu and Wade 2002:81). Other groups such as the Kiowa, Cherokee, and
Comanche also utilized the area sporadically for the river crossings on the Rio Grande
and the region’s resources, both faunal (e.g., bison) and botanical (e.g., peyote) (Boyd

1998:325; Kenmotsu and Wade 2002).

Due to the lack of data regarding the native groups seen in the Lower Pecos when
Europeans first arrived, I reviewed ethnographic data regarding ground stone use from

groups with similar lifeways (e.g., foraging) and groups who lived in similar ecological
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settings (e.g., arid northern Mexico). The majority of ethnographic data on ground stone
use are observations about food processing and subsistence. Yet, ethnographers rarely go
into detail about the exact motions or small nuances of the task. Most of the information

is limited to descriptions of the food gathering and processing activity as a whole.

The first section on this chapter focuses on ethnographic information about
processing wild plants in Northern Mexico and the American Southwest. While
agricultural groups heavily utilized ground stone for processing cultigens, this will not be
discussed at length. Second, ethnographic accounts from native groups in Mexico
reviews the use of ground stone in the process of making alcoholic drinks. Finally,
numerous accounts from Mexico, the American Southwest, and California discuss ground
stone use to pound special leaves and herbs for ailment and injury treatments or in
relation to specific rituals and mortuary associations. Through these diverse accounts, the
impressive breadth and depth of ground stone use and how these might relate to the

Lower Pecos can be better understood.

Ground Stone in Northern Mexico and the American Southwest

Even though today a political border separates groups who lived in Northern Mexico and
the American Southwest, the subsistence practices of these groups were very similar
because plant resources were relatively uniform throughout the entire region (e.g.,
Bruman 2000; Felger 1977). This section discusses mesquite (Prosopis glandulosa) and
agaves (Agavaceae spp.), two of the primary plants explicitly described being processed

with ground stone in many of the ethnographies cited below. A few other plants and
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animals will also be discussed if they were mentioned specifically to be processed with

ground stone.

Ground Stone Use in Mesquite Processing

Bell and Castetter (1937:24) considered mesquite to be one of the most important
food staples of Mexico and the Southwest which by extension means that bedrock
mortars and other grinding implements were extremely important to native groups in this
region. Some of the best ethnographic accounts of processing mesquite come from early
Spanish expeditions. Cabeza de Vaca (Krieger 2002:212) describes trading for large
quantities of mesquite flour, and Castafieda of the Coronado expedition encountered the
Céhita making mesquite cakes (Bell and Castetter 1937:15). According to Hodgson
(2001:178), mesquite was considered the “staple of life” for the Mohave, Quechan,
Cocopa, and Cahuilla and was used extensively by the Havasupai, Diegeufio, Hia ced,
O’odham, Seri, Céhita (today the Yaqui and Mayo), Pima, Bajo, and Eudeve. Bell and
Castetter (1937:14) notes bedrock mortars are prevalent in regions where native groups

are dependent on mesquite for part of the year (see Felger 1977: Figure 8.2).

The Seri of northwestern Mexico heavily depended on mesquite as a food
resource and also integrated the plant into larger cultural practices (Felger and Moser
1971). For example, the start of the new year for the Seri began when the mesquite pods
became fully ripe and the world could be renewed again (Felger and Moser 1971:57).
Since most other ethnographic accounts about ground stone and mesquite processing are
relatively simple and vague, the full Seri system of mesquite processing is related below

to provide holistic context of the activity. In regards to processing mesquite with ground
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stone, the Seri would most commonly collect fully ripened, dry, fallen pods, which have
the highest mesocarp carbohydrate content, and pound them in stone mortars with a
wooden pestle (Felger 1977:156). Bell and Castetter (1937:24) also noted many groups
preferred a wooden pestle because the crushed pods would not stick to it as much as a
stone pestle. After the mesquite pods were pounded, the Seri chewed the mush and
swallowed the juice (Felger 1977). Another common method was to toast the pods first,
which is said to aid in the pulverization once they are in the mortar. Some groups used
parching trays and coals, but the Seri used a unique method of roasting the mesquite pods

in hot sand and then transporting them to a mortar.

Felger (1977) indicates women were the major mesquite processors, and several
women would work together at their mortars at one time. One Seri woman, Ramona
Casonova, was able to identify the mortars which once belonged to her mother and aunt
(Felger and Moser 1971:Figure 1). Once the pods were sufficiently mashed, the women
placed them into a basket and put the pestle across the mortar opening. They would
then gently tap the basket against the pestle while winnowing the flour from the
mesocarp, the middle shell, and it would fall back into the mortar hole. The seeds and
stony endocarp stay in the basket and get set aside for later processing. The flour in the
mortar then gets winnowed again until it is considered pure, and either gets set aside in
a pottery vessel or is combined with water to make dough formed into small cakes
which are set in the sun to dry. It is estimated that two women could produce up to 40
kg of mesquite flour a day (Felger 1977:158). After the first separation is finished, the
hard endocarp, originally set aside, is broken with a second pounding and the inner seed

is released. This product is winnowed again to separate out the seeds, which are in turn
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ground on a metate with a stone mano. Hayden (1969) conducted experiments and
found mesquite seeds to be too hard to pound with a wooden pestle. Instead, both
implements must be made of stone to create a meal from seed. Felger (1977) noted that

grinding the seeds was a hard process and expended a significant amount of energy.

In the same general region, Felger (1977) described the archaeological remains of
the Amargosan-Pinacateiio people who occupied the Pinacate lava fields in extreme
northwest Sonora. They developed an innovative grinding technology called the
“gyratory crusher,” (Figure 3.1) which allowed them to easily crush large amounts of
mesquite and obtain the seeds without much effort. This technology has been found at
archaeological sites dating between AD 1100-1200 in the region (Hayden 1969:159).
The gyratory crusher was a large slab of rock which had a mortar hole punching all the
way through the bottom. A large wooden pestle with a small extension on the distal end
could then fit through the hole and be rotated around it. While one person was rotating
the pestle, another would feed mesquite pods into the hole. Hayden (1969) explains that
the easiest way to use this technology would have been to prop the slab up on other
rocks and place a basket underneath to catch the material which would then be

winnowed.
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Pinacate Gyratory Crushers
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Figure 3.1. llustration of Pinacate gyratory crushers showing the various types and how the
technology operates. Redrawn from Hayden (1969:Figure 1).

In regard to both mortars and metates being used during mesquite processing,
Hayden (1969) and Castetter and Bell (1942) both claim Papago informants said
mesquite was pounded at communal sites near the gathering area, and the roughly
crushed material was taken back to camp to grind it into pechita, or flour, on individually
owned metates. Other accounts (Castetter and Underhill 1935) reveal that native groups
would pound mesquite in a mortar at the start of the process because they are too sticky
to grind on a slab like other seeds. Kniffen and MacGregor (1935) reported that the
Walapai of northwestern Arizona used a low stone mortar to pound mesquite. The meal
was then mixed with water to form a sweet drink or made into loaves and saved for later.

The Southern Paiute collected green pods and pounded them to a pulp in a stone mortar
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to make a drink (Hodgson 2001). Wooden mortars were often used to process mesquite

by the Shoshone (Hodgson 2001), the Pima (Rea 1997), and numerous other groups.

In contrast to all other accounts, Castetter and Opler (1936) reported the Apache
used a metate instead of a mortar to process mesquite. It is possible the use of a metate
occurred later in the process when just the hard seeds remained, but the report is not
clear. Further, Castetter and Underhill (1935) discussed the Papago using a metate to
grind the clear-white, gum-like secretion from mesquite branches. This was either mixed
with Saguaro syrup and eaten like a jelly, or mixed with a variety of ground cactus seeds,
then boiled and hardened into a candy. Various other ethnographies discuss processing
mesquite with ground stone in an ambiguous way by not specifying the exact tools used

to grind the pods (Hodgson 2001; Krieger 2002).

Ground Stone Use in Agave Processing

Baking various species of agave in earth ovens is a widespread practice
throughout Mexico and the Southwest. When discussing agave processing, Bruman
(2000) states pounded fleshy leaves are left to dry in the sun after baking the agave in an
oven. He does not state how the leaves were pounded, but it is likely ground stone was
involved. The Western Tarahumara of Chihuahua utilized metates to ground roasted
mescal periodically while the meat of the plant was drying so it could be preserved for up
to six months (Parsons and Parsons 1990). They also used a specialized flat, square
ground stone “knife” with a dull edge which was used to scrape the leaves of the agave
after it came out of the oven (Parsons and Parsons 1990:300). The blunt edge would

separate the pulp from the leaf without cutting the fibers so they could be utilized later.
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This particular ground stone implement is said to have been utilized all over Mexico
(Parsons and Parsons 1990:300). East of the Tarahumara in the present day state of
Coahuila, Spaniard Alonso de Leon reported the natives chewing and sucking on freshly
baked agave leaves, and then tossing them on the ground (Taylor 1972:173-174). Later
when the natives became hungry again they would retrieve the leaves, grind them in a
mortar, and eat the mush. Taylor (1972) says wooden mortars were mentioned, but de

Leo6n only saw mortars in large rocks or bedrock.

On the Pecos River, Frank Buckelew (1911), a Caucasian boy who was a Lipan
Apache captive, described baking sotol bulbs in an earth oven and then letting the bulbs
dry thoroughly. Once they were dry, the leaves were torn off and were put into large
holes in rocks or logs and ground into a white flour-type substance with a large wooden
pestle. Moving westward, the Havasupai of northern Arizona mashed the agave leaves
into a cake after they were done baking—the pounding implements are not specified
(Spier 1928). Similar behaviors were recorded for the Walapai of northwest Arizona,
however, Kniffen and MacGregor (1935) do specify the use of a metate. The final
ethnographic observation of ground stone use in agave processing is of the Tepehuan in
north-central Mexico by Pennington (1969:100-101). The Tepehuan would crush the
baked mescal on metates until the fibrous matter was easily separated from the edible
portion. The pulp was then added to a favorite dish called esquiate, which is a variety of
plant leaves, seeds, fruits, and wild chiles which are all mashed—not ground—on the
metate. Pennington makes a point to describe how the Tepehuan prepared the food on the
metate using a light pounding motion rather than long strokes across the metate to grind

the food. He describes the metates as legless that would sometimes be placed on a stand
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for easier use. Some of the Tepehuan houses were said to have different metates reserved
for specialized activities — grinding corn or corn dishes, grinding chiles, and mashing

corn sprouts to make an alcoholic beverage.

Ground Stone Use for Other Foods

Ethnographers have recorded the use of ground stone to process many different
seeds and herbed plants throughout the year. The Pima of southern Arizona ground
pickleweed seeds, amaranth, and saguaro seeds on a metate with a stone mano (Rea
1997). The resulting fine meal would then either be eaten dry or as a pinole (gruel). It
was observed that both the Pima (Rea 1997) and the Papago (Castetter and Underhill
1935) boiled, dried, and then ground banana yucca (Yucca baccata) fruits on a metate. In
addition, the Papago would parch, and then sun dry seeds from amaranth and tansy
mustard plants. These seeds were stored and later ground into flour when they were ready
to be used. North of the Pima and Papago, the Walapai utilized metates for corn, pifion
cones, and yucca fruit (Kniffen and MacGregor 1935). Additionally, pifion nuts were
cracked on a flat rock and then saved to make a soup or ground into a paste at a later
time. Squawberries were also gathered, stored, and pounded in a mortar with water to
make a paste and then mixed with more water to make a sweet drink. Rea (1997)
recorded stories from modern Tohono O’odham of southern Arizona who used mortars to
grind paloverde pods and used the meal to create a sweet drink. Moving east, the
Chiricahua Apache of southwest New Mexico would begin to gather seeds around
midsummer and ground them on a metate with a stone mano to produce flour used to
make bread (Opler 1941:359). The Chiricahua were said to pulverize any food on a

metate needing to be preserved.
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Cabeza de Vaca encountered a group of natives south of the Rio Grande who ate
only “powdered straw” or polvos de paja (straw, grass, chaff, or husks from corn cobs)
(Krieger 2002:224). While de Vaca seemed to think the substance was corn, Foster
(2008) believes the powdered food was more likely derived from amaranth. Either way,
the plant must have been pulverized and pounded into flour, likely by ground stone.
Cabeza de Vaca also encountered a group of natives as he moved west into the mountains
of northern Mexico who took advantage of the pine nut harvest (Krieger 2002:68). The
natives ground the nuts while still green to create little pifion balls. Alternatively, once
the pine nuts became ripe they were ground with their shells on and eaten like a powder.

The ground stone technology used in this process was not specified.

In addition to grinding and pounding plant foods, multiple ethnographies show
that grinding implements were used relatively often to help process animal meat. Kniffen
and MacGregor (1935) recorded Walapai grinding deer meat together with pifion nuts for
additional flavoring, and meat was pounded intermittently during the drying process.
Similarly, the Chiricahua women pounded deer meat, then hung it to dry (Opler 1941).
Also in New Mexico, Hopi informants reported using handstones frequently during the
defleshing and/or dehairing processes for hides (Adams 1988). Adams tested and
confirmed this statement by comparing use-wear on archaeological specimens to

handstones used in archaeological experiments.

In summary, throughout northern Mexico and the American Southwest, various
types of ground stone tools were used in a variety of food processing activities. Although
most of the ethnographies related information about major food staples, such as agave

and mesquite, they also demonstrate ground stone use for processing less important plant
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resources in the area, as well as animal tissue. Further, different ground stone implements
such as bedrock mortars, metates, handstones, and pestles were all utilized, sometimes in

succession, depending on the resource being processed.

Ground Stone Use in Beverage Fermentation

Ground stone technologies utilized in making prehistoric alcoholic drinks could
technically fall under the category of food processing since the same plants are involved.
However, alcohol was usually considered sacred and used in a ritualized context (e.g.,
Bruman 2000), and is therefore considered separately here. Known instances of agave
brewing mostly occurred in northwest and central Mexico with the use of ceramic vessels
(Bruman 2000:Map 2). However, Gonzales de las Casas observed southern Chichimeca
groups fermenting drinks in watertight baskets (Bruman 2000:48). This observation
suggests that other more mobile groups who did not utilize ceramic technology may have

also practiced fermentation in other kinds of containers.

The process of making a fermented agave-juice drink is best documented for the
Tarahumara of Chihuahua. Bennett and Zing (1935) and Bye (1975) (cited in Bruman
2000; Parsons and Parsons 1990) both observed Tarahumara putting cooked agave leaves
into a hollow rock and pounding with an oak mallet or pestle. Once the agave mass was
well pounded, it was placed upon a wooden frame positioned above the mortar and
squeezed so the juice would drain back into the mortar hole (Bruman 2000:22). The
account in Parsons and Parsons (1990) suggests the Tarahumara would collect the juice

in a ceramic vessel and then heat it to continue the fermentation process. Conversely,
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Lumbholtz (2011[1903]) described maguey wine being made by leaving baked stalks in a
rock depression with water in it and no cover above it. The root of a frijolillo (mountain
laurel) would then be added to ferment the juice. Bruman (2000: Figure 10) shows pozos,
or fermentation pits, that are deep holes pecked into bedrock near Nayarit that may have
been used for fermenting agave. Bruman (2000) suggests this same process was likely
used to make prehistoric sotol wine as well. Felger (1977) and Bruman (2000) both
reference the Seri pounding mesquite in bedrock mortars to create an alcoholic drink for
the men. This was also done by the Cahuilla of southern California who would dry the
mesquite pods to preserve them and make an alcoholic drink all summer long (Felger

1977:162).

Ground Stone Use in Medicinal and Ritual Contexts

Ground stone implements are very practical tools, and they played multiple roles
in medicinal settings as well. Manos, pestles, metates, and mortars can be used to
effectively pound or grind leaves and herbs to be used for ailments. The Pima pounded
the root of a Screwbean tree in a mortar, let it dry, and then ground it even finer on a
metate to make a paste used to heal wounds (Rea 1997:183). The Pima also processed
Quail plant in the same way to make another kind of salve for wounds. The Papago used
a variety of herb concoctions to treat different ailments; these plants were collected in
season, dried, and then ground in a special mortar when needed (Castetter and Underhill

1935:64). This account alludes to an important consideration: although ground stone is a
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very efficient technology to complete the task of making medicines, the Papago had a

“special” mortar reserved for this purpose.

It seems reasonable to argue that the ground stone items used in association with
sacred or ritual products take on extra meaning or significance, especially in ceremonial
contexts. For example the Luisefio of southern California had a finely made, decorated
stone bowl mortar which was only used during the Toloache ceremony, and was not
allowed to be used in everyday activities (Kroeber 1976:656). Further, the Luisefio used a
finely shaped pestle, as opposed to a natural cobble, to pound datura leaves in the special
mortar to make the Toloache drink (Kroeber 1976:653). Other groups such as the Maidu
sprinkled secret society initiates with meal pounded in a ritual mortar during ceremonies
(Kroeber 1976:414). Similarly, when unsuccessful during a deer hunt, Miwok men
bathed themselves with the root of wild sunflowers which had been pounded in a mortar

(Barrett and Gifford 1990:178).

Groups outside of California also used ground stone in ritual contexts. In northern
Mexico, the Tarahumara were observed grinding peyote plants on a metate with water
(Lumbhotlz [1903]2011:364). This process required assistants who were tasked with
preventing liquid from falling on the floor, lest any of the sacred material be wasted.
Based on the ethnographic record, ground stone implements often times would assume
specialized purposes not directly related to food processing. However, beyond
ceremonial items being processed using ground stone, it is possible within many groups

the ground stone implements themselves took on added meaning.
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Adams (2008) discusses the possibility of ritually “killing” a metate or mortar
when its use-life has come to an end. Supporting this hypothesis, many archaeological
specimens have been found with intentional breaks or holes in the middle of the grinding
surface. Ethnographically, when a Walapai woman dies, her food processing mortar is
either destroyed or buried with her (Adams 2008:224). There are also ethnographic
accounts describing the intimate relationship between Pomo female puberty rights and
ground stone use (Parkman 1994). During a puberty ritual, a Pomo girl was confined for
a determined length of time. After her last day of confinement, she would make her “food
milling appearance,” and would pound acorns for an entire day, at the end of which she
was considered a woman (Parkman 1994:27). Additionally, Kroeber (1976:302) noted the
Shasta feared portable bowl mortars since they housed spirits, and only female shamans
could use them. The seemingly inherent connection between women and ground stone is
an aspect of study worth more attention. Some archaeologists (e.g., Koerper 2006;
Mithen et al. 2005) suggest there is reproductive or sexual symbolism inherent in ground
stone activities. Buonasera (2013) argues fertility metaphors can be seen in the shape of
the implements, motions used, and the creation of a product. Further, she provides
instances of infants buried in mortars, metates placed over the heads of deceased adults,
and phallic-like pestles placed between the legs in burials around the San Francisco Bay
area (Bounasera 2013:205). Fertility metaphors could help explain why ground stone was
tied to women more strongly than men, as females are typically associated with

reproduction and birthing.

Finally, there are several ethnographic accounts of ground stone technologies

being incorporated into myths within multiple native Californian groups. Parkman
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(1993:93) suggests creating small holes in boulders and bedrock recreates the sound of
thunder, therefore calling in storms. This hypothesis is supported by multiple California
creation myths in which stones and thunder are often associated with one another. One
Cahto story says the sky was made of stone in the beginning, but large claps of thunder
shook it apart (Parkman 1993:92). According to the Mattole, thunder was a blueish disk-
shaped stone moving around in the clouds (Parkman 1993:92). Further associating rock
pounding with bringing rain, the Shasta believe the creator used a stone to bore a hole in
the primordial sky so the rain could fall to the earth (Parkman 1993:95). Finally, the
Kashaya Pomo built brush shelters over mortar locations so the sound of pounding
ground stone could not reach the sky to call the rains (Parkman 1993:97). This belief has
primarily been recorded in California, however it is possible this idea was more
widespread as many rain shrines in New Mexico are located at sites with bedrock mortars

(Parkman 1993:95).

The above ethnographic accounts provide evidence of ground stone use in
activities which have nothing to do with producing an edible or consumable product just
for the sake of subsistence. Additionally, the grinding implements inherit sacred and
symbolic connotations when used in ceremonial contexts. Further, ground stone
technologies may have had archaeologically invisible associations such as fertility or
weather metaphors. These medicinal and ritual aspects should all be considered in ground

stone analyses.
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Final Implications for Lower Pecos Ground Stone Technology

Based on the ethnographic information described above, bedrock mortars and
other ground stone artifacts in the Lower Pecos were likely utilized in a variety of food
processing, fermenting, and ritualistic contexts. Both agave and mesquite are prevalent
prehistoric food resources in the Lower Pecos (Dering 2002) and Buckelew’s (2010)
account already provides support for ground stone processing of baked sotol in the
region. As for the ritual use of ground stone in the Lower Pecos, although they have been

documented in mortuary contexts, there has been little done to explore this possibility.

Along with the ethnographic accounts presented above, numerous
ethnoarchaeological, and experimental studies have underscored the importance of
avoiding oversimplification of ground stone tools. Early ethnographers observed
indigenous people using ground stone for a variety of activities, mundane and sacred, and
these should all be considered when conducting analyses and making hypotheses about
the ways ground stone was used in prehistory. These accounts will be revisited in Chapter

7 when discussing the morphological variation of Lower Pecos bedrock features.
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IV. FIELD AND LAB METHODOLOGY FOR RECORDING LOWER PECOS

BEDROCK FEATURES

Data has been collected on bedrock features in many different ways, and currently
there is no standardized procedure to record this kind of feature. There are certainly good
models to use (see Adams 2002; Dills 1975; McCarthy et al. 1985; Wallace et al. 1983),
some of which will be discussed below, but many projects use bits and pieces of
established methods to fit their research needs. Typical recording methods involve
gathering all quantitative and qualitative observations while in the field, which can be
extremely tedious and time consuming. Measurements often consist of length and width
taken across the opening of the feature and the depth measured down from a ruler lying
flat across the opening. To record volume, McCarthy et al. (1985:323) used lead shot or
lentils to fill up mortars and then measured the amount in a heavy plastic graduated
cylinder. Others have used the volume formula for a parabaloid (% (radius)” x height) as
a suitable approximate measurement (Leftwich 2010:143). Qualitative attributes recorded
might include any or all of the following information: opening/mouth shape, profile
shape, condition of the feature, any adjacent features sharing rims, inclination of the
feature, etc. All of these data are then used to help the researchers sort the features out

into morphological types.

As discussed in Chapter 1, ground stone bedrock features have been called an
assortment of names without much regard to consistency across regions. Around the
world they have been called mortars, cups, incipient mortars, slicks, grinding spots,

grinding facets, bedrock metates, starter mortars, finishing mortars, seed mortars, and
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more (Leftwich 2010). Typically the terminology is based on the general morphology of
the feature, particularly depth, although some have used a consultant ethnographic model
for classification purposes (McCarthy et al. 1985). These terms are relatively subjective.
This might seem trivial, but if we want to continue to push the boundaries of how much
bedrock features can tell us about larger archaeological questions, as mentioned in
Chapter 2, we need to try to make a concerted effort to employ methodological and

terminological consistency across a region.

Thus, one of my goals is to develop an efficient and accurate way of recording
bedrock features that allows for an objective statistical analysis to split features into
types. In other words, I try to let the data speak for itself, as opposed to creating type
names and placing features into those categories based on my subjective judgement. In
order to do this I used Structure from Motion photogrammetry (SfM) to create 3-
dimensional (3D) models of bedrock features. This method is increasingly used for
recording archaeological features (e.g., Douglass et al. 2015; Koenig et al. 2015; Willis et
al. 2015), and has been shown to be extremely fruitful for documenting bedrock features

(Nadel et al. 2015).

SfM involves taking a series of overlapping photographs of the subject matter,
and then loading the photographs into a specialized software like AgiSoft Photoscan. The
computer software then aligns the photos and creates a mesh of the subject’s surface that
will become a 3D model. These 3D models are able to produce sub-millimeter resolution
digital elevation models that can be analyzed in a Geographic Information Systems
software such as ArcGIS. From there, measurements can be acquired to conduct tests

such as cluster analyses to determine the variation of the sample. This is not to say
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statistical analyses cannot be run on measurements that are hand collected in the field.
However, SfM creates an extremely high resolution product that also allows for less time
in the field, more accurate maps, and 3D visualization of the bedrock features. My results
(e.g., the Lower Pecos bedrock feature typology, presented in Chapter 6) will not
necessarily hold value for other regions in regards to a comparative data set; however, the
SfM method is relatively easy and can be adapted to any area to examine the variability

of bedrock features.

Sampling Strategy

In order to create a typology of bedrock features, a significant sample of features
needed to be thoroughly documented. I evaluated 824 bedrock features at 10 sites across
the Lower Pecos. Ideally, the sites would be evenly distributed across the region to
sample features in differing topographic settings and river drainages. However, pre-
established landowner relations and the logistical support of on-going projects largely
determined which sites were chosen (Figure 4.1). For example, the ASWT project is
currently conducting work in Eagle Nest Canyon, so I chose to record five sites in the
immediate vicinity: 41VV164, 41VV165,41VV166, 41VV167, and 41VV890. The sites
within Eagle Nest Canyon are located in the larger drainage basin of the Rio Grande
River, in the westernmost part of the region. Three of the sites located in the center of the
region are surrounding the confluence area of the Pecos and Rio Grande rivers:
41VV2010,41VV124, and 41VV75. The furthest east sites recorded are located just west

of the Devils River in the Dead Man’s Creek drainage: 41VV1342 and 41VV1284.
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< Bedrock Features
Sites Recorded
Figure 4.1. Ten sites recorded for this thesis, spread out across the region along the
three major rivers.

Most of the sites recorded for this study are within 1 km of a major river (all are
within 5 km of a major river), and this is recognized as a bias in this project. Although
most of the survey in the region has been restricted to a 10 kilometer distance from a
major river (Koenig 2012: Figure 7.12), the major regional surveys that have encroached
upon the uplands have not found large numbers of bedrock features at the recorded sites
(Koenig 2012; Marmaduke and Whitsett 1975; Saunders 1986, 1992; Turpin and Davis
1993). It is possible that bedrock features occur in the uplands more than we now
recognize. Further, it is also possible bedrock feature morphologies in the uplands are

decidedly different than features located in canyon environments. Clearly, more survey
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and upland bedrock feature documentation is needed to investigate these suspicions. The

following sections discuss the alternating field and lab procedures for this project.

Initial Site Visit: Mapping Bedrock Features

As mentioned, I utilized SfM to map each of the features at all 10 sites recorded.
All of the sites had multiple bedrock feature surfaces which were not continuous; thus,
each surface received an individual area designation that included the site number and an
arbitrary letter name starting with “A” (e.g., 41VV0165_Area A, 41VV0165_ Area B,
etc.). The process of separating individual areas from one another was not intended to
make any sort of statement about whether these areas were used simultaneously, rather
this was done to make the recording process simpler and better organized. Additionally,
creating a 3D model of a smaller continuous area yields higher resolution data than
creating a single model of two separate areas and the 10 meters of ground which may
separate them. In order to capture the relationship of a bedrock feature area to each other
in the site, a site map was created and bedrock feature areas were plotted for each site.
When time allowed, a SfM model of the entire site was created. If a SfM site map could
not be created, I utilized traditional pace and compass techniques to make a sketch site
map. Observations about the general description of the site, associated cultural

components, and surrounding natural environment were also recorded.

Before starting photography at each site, the immediate area around or covering
the bedrock features were cleared of all vegetation so the 3D model software could build

precise models of only the features. The typical cleaning method was clipping away
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overhanging vegetation, loosening any surficial dirt with a soft bristle brush, and using a
Makita portable leaf blower to remove any remaining dust (Figure 4.2). Windblown
deposits often collected in the shallower features and in all of the deeper bedrock mortars
had at least a few centimeters of sediment in them. The deep features were completely
dug out with “soft” tools such as bamboo splints to prevent creating any marks on the
walls of the feature. The only features that were not excavated were five deep bedrock
mortars located well underneath the overhang at 41VV75. These features have the
potential to have in situ deposits and the remnant sediment was left intact at the

landowner’s request (Seminole Canyon State Park and Historic Site).

3 N x N
Figure 4.2. Examples of various cleaning methods. (a) and (b) Volunteers using soft brushes and
bamboo splits to clear away overlying sediment; (¢) The author using the Makita blower for
finishing touches.
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After designating feature areas across a site and adequately cleaning the features,
I'used a Canon EOS Rebel T3i digital camera to take a series of overlapping photos
across the bedrock feature surface in each area. While conducting the SfM photography, I
sought a 30% overlap in each direction for each successive photo. Since the main method
of recording these features is through photography, some lighting and weather conditions
affected the fieldwork. SfM photography works best when the light is consistent across
the entire surface being photographed. The most ideal lighting conditions are from
overcast skies when the light is diffuse and even. Although this fortuitous condition
occurred on occasion, photography was mainly completed while all of the features were
covered by the shade of the rockshelter or a tarp being held by a volunteer. Photographs

were tracked using a simple photography log form (Figure 4.3).

BRF PHOTO LOG FORM page of

Area/Locus Camera Photo Range Subject Photographer

Figure 4.3. Photography log form used to keep track of all photographs collected on site.
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An advantage of using the SfM method is the ability to add scale and
georeference the modeled surface in order to facilitate analyses in Geographic
Information Systems (GIS) software. To do this, I added ground control points (GCPs) to
each area of bedrock features. GCPs are known points tied to a Cartesian coordinate
system, such as a site grid, that allow for the 3D model to be spatially referenced and
provide an accurate scale. At least three GCPs were needed per area to get accurate
locational data, although I added more if possible. Placing GCP’s is a simple process of
picking locations which are easily recognizable in multiple photographs and from text
descriptions. For example, a good location for a GCP would be a unique hole or crack in
the limestone substrate. Each GCP received a number (e.g., GCP001) and multiple
photographs showing overall location and close up detail of the point. When a total data
station (TDS) was available for use, and the site had an established grid system, I used
this technology to assign coordinates to each GCP. If access to a TDS was not feasible, I
set up a reference measurement system at each bedrock feature area using a builder’s

square—a steel ruler with a right angle (Figure 4.4).

When using a builder’s square to reference a bedrock feature, I set the ruler on or
adjacent to the area and then photographed the ruler using the SfM method. The
horizontal and vertical “arms” of the ruler act as X and Y axes. In order to add the third
dimension, elevation (Z), I added bubble levels onto each arm of the ruler. Rocks or other
small items were placed under the ends and the right-angle of the ruler until both bubble
levels were centered and the entire ruler was at the same elevation. This step ensures the
elevation measurements will be accurate across the entire model since the 3D positions of

the GCPs will be linked to the builder’s square position. Once the ruler was

45



photographed, I moved it away from the area and photographed the bedrock features
separately. After the 3D model was finished processing in Photoscan, I placed GCPs on
the ruler’s markings to reference the model in 3D space. Using the builder’s square
method provides the ability to easily and accurately reference SfM models, regardless of

physical site location, time, or access to a TDS.

Figure 4.4. Volunteer, Charles Koenig, setting up the
builder’s square prior to SfM photography.

Overall, SfM proved to be an expedient and accurate way to map bedrock
features. The only issue encountered was with very deep mortars that were dark towards
the bottom. In these instances, I was not able to photograph all the way down inside the
shaft. Even with the aid of the flash on the camera and extra lighting from above, the
photos of the bedrock feature’s deep portions were not in focus, which greatly hinders the

photogrammetry software’s ability to stitch the photos together. An innovated solution to
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this problem was created by Mark Willis for the documentation of deep Natufian bedrock
mortars in Israel (See Nadel et al. 2015). Willis used a small remote-operated point and
shoot camera and lowered it down the hole to take SfM photographs as normal. This
method appears to yield excellent results, but could not be implemented in this study and
represents an avenue for follow-up research focusing specifically on deep bedrock

mortars.

Initial Laboratory Procedures: Creating 3D Models and Feature Maps

Once back from the field, I downloaded the photographs and gave them consistent
names so they could be easily grouped into corresponding folders and readily identified
(e.g.,41VVO0165 _SfM_AreaA 4569). I then processed each set of SfM photographs in
Agisoft Photoscan to create a 3D model of the bedrock feature surfaces. After the 3D
surface is rendered, I exported a digital elevation model (DEM) and an orthophoto for use
and analysis in ArcGIS. I used the DEM and orthophoto to create feature maps of all
areas within a site, which I then printed for use in the field. The DEM and the orthophoto
are useful for two different purposes in this process. The orthophoto allows for a
photographic texture to be shown on the 3D model, making visualization of the features
very easy. The DEM layer underlying the orthophoto supplies the X, Y, and Z coordinate
data needed for precise measurements (Figure 4.5). Further, the DEM allowed numerous
tools to be used in GIS that made the individual bedrock features stand out. I found the
“slope” tool in GIS aided greatly in identifying subtle bedrock features on the DEM

(Figure 4.6).
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Unless the area modeled was very large, I was usually able to process the 3D
models in the evening to have a feature map ready for the next field day. The smallest 3D
models I processed consisted of approximately 50 photographs, while the largest models
had just over 350 photographs. However, since my methods required some back and forth
from the field to the lab between the steps, extra planning and logistical forethought was
essential to make the most of my time. For example, [ might spend an entire day
photographing different areas at a site and then use the entire next day in the lab to finish
processing the models and readying the maps. I was fortunate to have access to the

ASWT field lab with computers, printers, and chargers during my field research.

41VV0166 Area A- DEM

Meters
High : 671 622 0 0.25 0.5
Low : 971.009 Meters

Figure 4.5. Example of digital elevation model (DEM)
map.
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Figure 4.6. Example of feature maps with orthophoto (left) and slope tool in GIS (right).

Secondary Field Visit: Attribute and Use-wear Data Documentation

Once a variety of enhanced and original orthophoto field maps were printed, I
took them into the field to complete on-site attribute data collection. The first step in the
process was to identify all of the bedrock features and assign a unique identification
number that included the site number, area designation, and the assigned feature number.
For example, at site 41VV75, I designated the first feature recorded in area A as
41VV75_A001. As the features were identified, I outlined the extent of each feature on
the map to the best of my ability and identified the placement for the length and width
measurements (Figure 4.7). Many researchers have noted the difficulty in determining the
edges of bedrock features, which then affects the final measurements (McCarthy et al.

1985; Wallace et al. 1983) However, this step was crucial as it would aid me in gathering
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accurate measurements off of the 3D models in the lab. Even as technologies develop to
increase the accuracy of measurement collection, it will still be important for on-site
inspection of bedrock features. There are many small nuances that are missed in a

photograph and it is best if these methodologies can be used in tandem.

0.1 0.2

Meters ’ ; £ 4K 3
Figure 4.7. Printed feature map used in the field to identify
features and indicate where measurements should be taken.

After feature identification, I recorded a series of morphological attributes such as
a tentative morphological type, opening shape, profile shape, base shape, the inclination
of the feature, the condition, and whether the feature had any contents within it (Figure

4.8). Definitions and qualifications for the terminology used in this project is presented in
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Appendix A. As mentioned, these assessments are sometimes fairly subjective and often
times I felt conflicted if the feature did not fit nicely into one of the previously
established categories, such as a feature opening being somewhere between perfectly
round and ovoid. Although this attribute data may seem contradictory to the goal of my
project, I collected it to get a better feel for each of the features and also to act as a
comparative data set to test against the purely quantitative results that I generated in GIS.
Of note, I focused my documentation efforts on the variety of bedrock feature concavities
and did not include “slicked” areas in my analysis. I noted the presence of slicked
surfaces if they were present but did not collect any detailed information regarding their

size or attributes.

In addition to basic morphological data, I recorded macroscopic use-wear
observations on the majority of the bedrock features to gain a better understanding of the
function of each feature. For this project, I evaluated use-wear through touch and the un-
aided eye (~1-5cm scale) with help from a LED light panel to illuminate the macroscopic
character of the limestone substrate. Macroscopic observation, using the un-aided eye,
can reveal information about the kinetic motions used and the working part(s) of a tool.
Further, the manner of how force is applied to the tool, the direction of the force, and the

type of contact can all be analyzed at this scale (Leroi-Gourhan 1971).

In regards to ground stone bedrock features, differential use-wear across the
surface of a feature can show what type of activity happened most recently. Is the surface
pecked and rugged, or is it completely smooth to the touch? These conditions tell
different stories about what happened last with that particular feature. When making use-

wear observations, the objective is to observe traits about the macrotopography, or the
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high and low points. One of the first characteristics that I looked for was intentional
pecking which is apparent by the overall patterning of high and low points. There should
be a relative uniformity in size, spacing, and depth of the peck marks. If this trait is
present, it can be inferred that the surface was intentionally roughened to aid in the
processing task. Next, I inspected the high points for any use that occurred after the
surface was pecked. Typical wear patterns include leveling, the tips of the high points are
sheared off, and rounding, the edges of the high points are smoothed and rounded (Figure
4.9). Each of these wear patterns has a generalized correlation with the type of substance
processed (Dubreuil 2004). Surfaces that have levelled high points with abrupt edges are
typical indicators of stone-on-stone contact. This is usually the result of an abrasive
mechanism such as shaping another object or when a very thin layer of intermediate
material is used. It is also possible some materials such as ochre or nuts can lead to
“plateaus” since there are more abrasive bits in those materials. In contrast, rounding of
the high points occurs when a soft substance such as hide, meat, or vegetable is
processed. Other types of wear patterns include macroscopically visible striations,
gouges, or sheen. In this study, use-wear observations were collected for the rim, walls,

and base of each feature (Figure 4.8).
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Bedrock Feature Attribute Recording Form

Site: Locus: Recorders:

GENERAL ATTRIBUTES

BRF#:
Type: O shallow Round (X<3cm) O shallow Ovoid (X<3cm) O Cup Mortar (3<X<7cm) O Flat Slick
O Mortar (X>7cm) O pecked Area O other

Opening:  ORound O O ovoid O O oblong ©

O irregular/Other

Profile: OFat ——  Oconical \/- O Straight-sided U

Opished N O other

Base: ORound DOFlat Opointed OTapered [ Other

Inclination:  OHorizontal ~ OGentle T Moderate O steep

Condition:

Contents: [Oyes ONo

MACROSCOPIC USE WEAR OBSERVATIONS

Rim:

Walls:

Base:

Other Comments:

Figure 4.8. Bedrock feature recording form used to collect general attribute data and use-wear
observations for each feature.
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Pecked surface with relatively uniform
size and spacing of low points

Leveled surface with formation of
plateaus and the high points have been
sheared of to a similar elevation

Rounded surface with gentle gradients
between high and low areas.

Figure 4.9. Illustrated examples of various use-wear characteristics. Figure
redrawn from Dubreuil (2004:Figure 1).

Final Lab Analyses: Obtaining Measurements from ArcGIS

The final step in the documentation process was to update the feature maps with
the newly identified features and gather measurements using ArcGIS. First, I created a
point shapefile, placed a point in the center of each feature, and labeled them with the
correct feature numbers (Figure 4.10a). Next, I created another shapefile consisting of
polylines and drew two lines over the top of each feature, these would become the length
and width measurements (Figure 4.10b). I tried to keep the lines perpendicular to each
other as much as possible but I also used my notes from the field as mentioned above. If a
feature was oddly shaped, the longest axis and the shortest were not always perfectly
situated at right angles to each other. Using the “calculating geometry” function in

ArcGIS, I determined the length of each line and exported this data to a Microsoft Excel
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spreadsheet. Another piece of data acquired through the axis measurements was a length-
width ratio which gives an approximation of how circular or elongated a feature is. In this
case, I divided the longer axis by the shorter axis to obtain the ratio. If a ratio is 1.0 or
very close to it, the opening is more circular. As the ratio increases, the feature becomes

longer and narrower (e.g., ovoid or oblong).

In order to calculate depth, I used the “interpolate shape” function in ArcGIS.
Essentially, this function creates points along the length of the polyline and assigns an
“X” and “Z” coordinate for each point. This data can then be exported for each feature as
a text file and imported into Microsoft Excel. Once in Excel, the data was sorted by the
depth value from largest to smallest and the maximum depth was calculated. It should
also be noted that I obtained depth measurements for the very deep features while in the
field since the SfM program could not model the surface all the way down the shaft.
Further, I did not remove the deposits in some of the deepest features due to landowner
restraints or difficulty in removing them so these should be considered minimum depth

measurements.

All of these measurements were then used to characterize bedrock features
at each site and across the region. Further, these data were used in various statistical
analyses to better understand the variation in bedrock feature morphology. These

descriptions and tests are presented in Chapter 6.

55



41VV0166_AreaA

e~/ N

[ [ eters

Figure 4.10. (a) Feature map with ID numbers assigned to each bedrock featur

drawn across each axis in GIS to obtain measurements.
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V. BEDROCK FEATURE DOCUMENTATION RESULTS

Field work was conducted between June 2014 and March 2015 at 10 different
sites with assistance from several volunteers. As mentioned in Chapter 4, the sites were
chosen in an attempt to analyze bedrock features (BRF) from varied areas of the region
and within different major river drainages—the Rio Grande, the Devils, and the Pecos
Rivers (see Figure 4.1). This chapter summarizes the location and character of the ten
recorded sites and describes the bedrock feature areas within each site. Each permanent
area and portable ground stone feature slab has two corresponding maps: an orthophoto
showing feature numbers and an orthophoto presenting outlines of each feature.
Additional information in the form of qualitative attributes, use-wear data, and metric
data are presented in tables for each feature in Appendix B. This data will be summarized
generally in the discussion of each area and the definitions for the terminology used are

presented in Appendix A.

Sites within the Rio Grande Drainage

Although all of the sites are located in the greater Rio Grande Drainage basin, six
sites are located within canyons that empty directly into the Rio Grande River. Five of the
sites are situated in Eagle Nest Canyon and one in Seminole Canyon (Figure 5.1). The

five sites in Eagle Nest Canyon will be discussed first.
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@ Bedrock Features Sites
in Rio Grande Drainage

Figure 5.1. Bedrock feature sites recorded within the Rio Grande drainage system.

41VV164 — Kelley Cave

Kelley Cave is a dry rockshelter located on the eastern wall of Eagle Nest
Canyon, approximately 300 meters upstream from the Rio Grande River (Figure 5.1).
The site contains a small, poorly preserved panel of Pecos River style pictographs, a large
burned rock talus, and well preserved deposits spanning Late Prehistoric to Paleoindian
time periods (Rodriguez 2015). There are at least five permanent bedrock feature areas
(Figure 5.2) and one portable slab with a total of 27 ground stone bedrock features
located throughout the site (Figure 5.3). Table App B.1 provides the qualitative attribute
data and use-wear observations collected for BRFs at Kelley Cave and metric data are

provided in Table App B.2.
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Figure 5.2. Permanent ground stone bedrock feature areas at Kelley Cave. (a) Area A;
(b) Area B; (¢) Area C; (d) Area D; (e) Area E.
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41VV0164 (Kelley Cave) - Bedrock Feature Areas

eR— [ BRF Areas

Figure 5.3. Plan view site map of Kelley Cave showing the permanent bedrock feature areas and
the moveable slab.

Area A (Figures 5.2a, 5.4, and 5.5) is a roof-fall boulder that is broken into
multiple pieces with six inclined BRFs in three clusters. The clusters consist of three,
two, and one feature(s) each. Four of the features are fairly shallow with gentle profiles,
while another is deeper but still with a gentle wall slope. The last feature (A006) is
particularly interesting since it appears to represent the beginnings of a work station. It is
a small circular area with extremely rugged peck marks that suggest it was never utilized.
The remainder of the features all have evidence of use as the high points are mostly
leveled and some have sheen. This boulder also has incised groove marks on the flat face

of the rock, but not in direct association with the bedrock features.
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Figure 5.4. Kelley Cave, Area A feature map with ID points.

[]41vV164 Area A 0 1 2

BRF Qutline

—
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Figure 5.5. Kelley Cave, Area A feature map with feature outlines.

Area B (Figures 5.2b, 5.6, and 5.7) is located at the furthest upstream area of the
site and has four BRFs. This rock is also likely a roof-fall boulder and is very weathered

due to its location just outside of the dripline. Therefore, use-wear observations were not
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made on these features. All of these features are fairly deep with two of them having

gently sloping walls while the other two are more bowl-shaped in profile.

® 41VV164 Area B
BRF ID# Meters

Figure 5.6. Kelley Cave, Area B feature map with ID points.

[J141vv164 Area B B 0.5 0.5 L

BRF Outline Meters

Figure 5.7. Kelley Cave, Area B feature map with feature outlines.
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Area C (Figures 5.2¢, 5.8, and 5.9) is located on a large roof-fall boulder and just
has one BRF on the northern end of the rock, close to the ground surface. The feature is

located on an incline and is gently sloped, grading into the surrounding rock surface.

® 41¥V164 Area C o 0.75 15 [J41vwie4 AreaC 0 075 1.5
BRF ID# ! } BRF Outline ! !

Figure 5.8. Kelley Cave, Area C feature map  Figure 5.9. Kelley Cave, Area C feature map
with ID points. with feature outlines.

Area D (Figures 5.2d, 5.10, and 5.11) is located just within the dripline and was
originally covered with sediment. One of the seven BRFs was showing on the small piece
of the boulder that was not covered so I pulled some of the sediment back. I did not reach
the end of the boulder but I uncovered an area approximately 20 cm past the nearest
feature and stopped when I did not encounter any more. It is plausible more BRFs are
present on this rock but are still covered by sediment. All of the exposed features in this
area are shallow and are on a steep slope. Further, most of the BRF’s have gradual rims

and are rugged with some minimal rounding of the macroscopic high points.
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Figure 5.10. Kelley Cave, Area D feature map with ID points.

41VV164 Area D
BRF Outline

Meters

Figure 5.11. Kelley Cave, Area D feature map with feature outlines.

Area E (Figures 5.2e, 5.12, and 5.13) was found fortuitously after we cleared the
site’s vegetation in preparation for excavations. It is located on the furthest downstream

area of the site and downslope from the shelter on top of a very large boulder that fell
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from the canyon wall. The seven BRFs are located in Area E are were relatively well
preserved despite their uncovered location. It is possible the overlying vegetation
protected the features from extensive rainwater etching and weathering. The features in
this area are relatively shallow with gently sloping walls. Use-wear characteristics

include intentional pecking with some leveled and rounded high points.

o 41VV164 Area E

BRF |ID# 3
e ———

Figure 5.12. Kelley Cave, Area E feature map with ID points.
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41VV164 Area E
BRF Outline

leters

Figure 5.13. Kelley Cave, Area E feature map with feature outlines.

M1 (Figures 5.14 and 5.15) is a moveable slab with two BRFs located on one
side. The slab itself is not extremely heavy, but it is large enough that it would not have
likely been moved to differing site locations with the owner. In other words, this slab was
likely made and used at Kelley Cave. One of the features is deep with multiple striations
oriented vertically on the walls. The other feature is more oblong and shallow with

rounded peck marks still visible on the walls and base.
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Figure 5.14. Kelley Cave, Moveable Slab 1 feature map with ID points.

|:| 41VV164 M1 il 20 40
BRF Outline
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Figure 5.15. Kelley Cave, Moveable Slab 1 feature map with feature
outlines.
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After the initial recording of the bedrock features at Kelley Cave, another rock
surface was uncovered by heavy rainfall outside of the dripline. There appears to be at
least one bedrock feature on this surface, possibly more, but the entire rock is fractured
and not well preserved (Figure 5.16). This feature was not included in the present

analysis and is likely one of many unseen BRFs covered by deposits at Kelley Cave.

e s =

Figure 5.16. Recently uncovered, highly fractured, bedrock features at
Kelley Cave.
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41VV165 — Skiles Shelter

Skiles Shelter (Figure 5.17) is a bi-lobed rockshelter directly downstream of and
adjacent to Kelley Cave (Figure 5.1). This site is not considered a true dry rockshelter as
rain and flood waters often encroach upon the deposits. The majority of the cultural
deposits and archaeological features are located in the upstream lobe of the shelter. This
includes a large, yet faded, Pecos River style panel and an extensive burned rock talus.
Excavations at this shelter in 2013 by Rodriguez (2015) and in 2014 by the Ancient
Southwest Texas Project (ASWT) have uncovered deposits ranging from Late Prehistoric
to the Early Archaic periods. There are six permanent bedrock feature areas (Figures 5.18
and 5.19) and one moveable limestone slab that have a total of 126 BRFs on them.
Qualitative attribute data and use-wear observations collected for BRFs at Skiles Shelter

and metric data are provided in Tables App B.3 and App B.4, respectively.
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Figure 5.18. Permanent bedrock feature areas at Skiles Shelter. (a) Area A; (b) Area B, outer;
(c) Area B, inner.
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Figure 5.19. Permanent bedrock feature areas at Skiles Shelter. (a) Area C; (b) Area D;
(c) Area E; (d) Area F.

Area A (Figures 5.18a, 5.20, and 5.21) has one bedrock feature located on a rock

ledge on the far upstream end of the site. This area is outside of the dripline and is
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heavily weathered by rainwater etching. As such, use-wear data was not collected on the

dished, ovoid feature present here.

* 41VV165 Area A i 0.25 05 d
BRF ID# Meters

Figure 5.20. Skiles Shelter, Area A feature map with ID points.
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Figure 5.21. Skiles Shelter, Area A feature map with feature outlines.
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Area B (Figures 5.18b, 5.18c, 5.22, and 5.23) is directly below and adjacent to
Area A. This limestone bench contains 50 BRFs over an area of 4.5 meters. The features
closest to the dripline are relatively weathered and some concretions are present, likely
from water sitting in the features after rainfall. The majority of the BRFs in Area B are
shallow and many of them are directly next to another feature. Further, most of the
features show leveling of macroscopic high points, indicating some degree of use after

the depression was originally pecked.
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Figure 5.22. Skiles Shelter, Area B feature map with ID points. Both inner and outer
parts from Figure 5.18 are shown.
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Figure 5.23. Skiles Shelter, Area B feature map with feature outlines. Both inner and
outer parts from Figure 5.18 are shown.

On the limestone bench directly above Area B are 26 BRFs that are designated as
Area C (Figures 5.19a, 5.24, and 5.25). This area is situated further back towards the
shelter wall and is better preserved than Areas A and B with less weathering and
accretions present in the features. In addition to the shallow, dished features, there are a
series of deeper features with conical profiles that also have adjacent shallow features
sharing their rims. The use-wear characteristics are similar to that of Area B, except some
BRFs have more rounding of the leveled high points. One feature (C017) also has
preserved striations oriented horizontally along the walls and has a surface that is

completely smooth to the touch.
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Figure 5.25. Skiles Shelter, Area C feature map with feature outlines.
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Area D (Figures 5.19b, 5.26, and 5.27) is located on an upper limestone bench
directly below a portion of the pictograph panel on the upstream end of the site. This area
consists of 10 BRFs that are set on a moderate incline. Due to the morphology of the
limestone bench, the longest wall of most features extends “upslope”, which could
provide clues as to motions used in features it with this morphology. The most common

use-wear pattern in this area is rugged surfaces with some leveling of high points.

* 41VV165 Area D S 05 1
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Figure 5.26. Skiles Shelter, Area D feature map with ID
points.
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Figure 5.27. Skiles Shelter, Area D feature map with
feature outlines.
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Area E (Figures 5.19c, 5.28, and 5.29) consists of 25 BRFs and is located on the
tufa mount that separates the two lobes of the rockshelter. On the north face of this
boulder there is a slick area with many groove marks carved into the surface, although
none are in direct association with the bedrock features (Figure 5.30). This unique surface
is the only “slicked” area that I recorded in my study. Although previous hypotheses have
been put forth about these features (e.g., Connolly 2012), I did not include slicks in my
bedrock feature analysis. Area E has the greatest variety of feature depths at Skiles
Shelter, ranging from shallow depressions to deep mortars. The shallow features are
gently dished in profile, while the deepest feature (E007) has straight walls all the way
down to the base. This profile morphology suggests the walls were intentionally shaped
and maintained throughout its use life. Since the rock substrate was made of tufa
(calcium carbonate deposited through a spring vent), it should have been easier to peck
features than in other limestone present at the site. Most of the use-wear shows rugged

surfaces with rounded bumps and some leveling.

Grooved Area . \
= g ——
Figure 5.28. Skiles Shelter, Area E
feature map with ID points.
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Figure 5.29. Skiles Shelter, Area E feature map with
feature outlines.

Figure 5.30. Grooved, slicked surface on north face of
Area E tufa mound.
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Area F (Figures 5.19d, 5.31, and 5.32) is located in the current trail up to the
shelter on the downstream end of the talus slope. All nine BRFs present in this area are
shallow with dished profiles on a moderate incline. This area is completely out in the
open and has no protection from general weathering. However, the rock is lacking any
water pitting or ridges from weathering so the use-wear appears to relatively well
preserved. The features’ surfaces are mostly rugged with some gentle rounding of

macroscopic high points, although some features have completely rugged bases.
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Figure 5.31. Skiles Shelter, Area F feature map with ID points.
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Figure 5.32. Skiles Shelter, Area F feature map with feature outlines.

The final bedrock features described at Skiles Shelter are on a moveable boulder,
M1 (Figures 5.33 and 5.34), that was recovered on the talus slope while clearing
vegetation. This boulder likely fell from the roof at some point in the past and then was
utilized as a workspace for bedrock features. This rock is extremely heavy and has almost
certainly not been removed from the shelter except for whatever force moved it to the
talus slope (humans or gravity). Most of the features are slightly deeper than the typical
shallow features found in the rest of the shelter and the use-wear is rugged with some
leveling of high points. The high degree of ruggedness could be due to its location on the
talus slope where it is exposed to more weathering agents; however, one BRF (D005) is

completely leveled in the base which suggests the use-wear is relatively intact.
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Figure 5.33. Skiles Shelter, Moveable Boulder 1 feature map with ID
points.
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Figure 5.34. Skiles Shelter, Moveable Boulder 1 feature map with feature
outlines.
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Although not included in the present study, another moveable limestone slab with
bedrock features was discovered during excavations in 2013 (Rodriguez 2015:Figure
4.21). The slab was found in a human-made pit that was dug into an alluvial flood layer
that dates to the mid fourteenth century (Rodriguez 2015:77). On the side of the slab that
was facing up, there was a small area with red discoloration on it, possibly pigment.
Rodriguez (2015:78) collected charcoal adhering to the surface of a grinding feature on
the lower side of the slab which returned a radiocarbon date of 518 + 9 cal B.P., which is

consistent with use of the BRF slab after the flood.

Pilot Residue Study at Skiles Shelter. In April, 2014, a group of archaeologists
came together at Skiles Shelter to further investigate the grooved surface and attempt to
recover residues from some of the bedrock features. Participants of this project included
Dr. Tammy Buonasera, Dr. Dani Nadel, Dr. Stephen Black, Mark Willis, Julie Shipp,
Charles Koenig, Eli Gershtein, and myself. The goal was to examine samples of rock
from bedrock features for evidence of lipids and/or phytoliths. We collected a total of
seven control samples of limestone near the BRF areas, five sediment samples, and 12
rock samples from features. The core samples were taken with a portable drill using

bonded diamond core drill bits (Figure 5.35).
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Figure 5.35. Sample collection at Skiles Shelter for residue
analysis.

Unfortunately, phytolith analysis did not yield any substantive results and lipid
analysis resulted in only a few elevated measurements. While some fatty acids were
present in the feature samples, the lipid profiles were all within the range or slightly
higher than the range of the control samples (Buonasera et al. 2015). One feature, BO50

(Figure 5.36), contained an elevated measurement of neotigonen, a saponin found in
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agaves. This was substance was not found in any of the control samples and is more
likely the result of use than some other contamination. B050 is a shallow feature that is
immediately adjacent to and shares a rim with a deeper BRF (B049). It is possible baked
agave leaves were placed in the shallower feature as an anchor point to hold the leaf

while a scraper was used to push the pulp out of the leaf and into the deeper feature.

Figure 5.36. B049 (left) and B050 (right) were both sampled for residue. B050
returned an elevated measurement of neotigonen, an agave saponin.

Over all, our pilot residue study was only mildly successful, but yielded results to
think about and expand upon. There are two possible reasons our analysis did not yield
more lipid residue: 1) the wet nature of Skiles Shelter and frequent floods that encroach
upon the shelter has degraded any lipid residue that may have been there; or 2) more
carbohydrate rich, lipid poor, resources (e.g., mesquite, prickly pear cactus, yucca, agave)

were processed in these features.
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41VV166 — Horse Trail Shelter

Horse Trail shelter (Figure 5.37) is a narrow site located on the western wall of
Eagle Nest Canyon underneath a shallow overhang. The site is most notable for large
boulders containing deep bedrock features and a small vertical burned rock midden
spilling down the talus slope. Based on the projectile points from limited excavations at
this site, the deposits date to the Late Prehistoric period (Castafieda and Koenig 2015),
although we know it was also utilized in historic times as a trail down to the bottom of
the canyon. There are five permanent bedrock feature areas (Figure 5.38) spread out on
boulders across the upstream end of the site, all of which are unprotected by the small
overhang. These areas are described below, while Table App B.5 provides the qualitative
attribute data and use-wear observations collected for each BRF at Horse Trail Shelter

and Table App B.6 presents metric data.
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Figure 5.38. Permanent bedrock feature areas at Horse Trail Shelter. (a) Area A;
(b) Area B; (¢) Area C; (d) Area D; (e) Area E.
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Area A (Figures 5.38a, 5.39, and 5.40) is the furthest upstream area and is on a
large boulder that likely fell from the side of the canyon above. There are 18 BRFs on
this rock, including the deepest features recorded at any of the sites within Eagle Nest
Canyon. The majority of features on this rock are an intermediate depth, between
shallow and deep mortars. As such, there are more conical profile shapes on this boulder
than in other areas with mostly shallow features. Two of the deep features (A007 and
A009) become extremely narrow towards the base, approximately 2-3cm wide. These
features have some of the most pointed base shapes in the entire dataset across all 10
sites. Another unique morphology present in this area are three very small pecked
depressions (A016, A017, and A018) which are reminiscent of cupules—a phenomenon
typically associated with non-utilitarian rock art. The use-wear is mixed but there are
more overall leveled/smooth areas with gentle rounded bumps. Despite the location in the

open air, there are not great amounts of weathering and water etching.
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Figure 5.39. Horse Trail, Area A
feature map with ID points.

Figure 5.40. Horse Trail, Area A
feature map with feature outlines.
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Area B (Figures 5.38b, 5.41, and 5.42), another probable “cliff fall” boulder, is
directly downstream and adjacent to Area A. There are seven features present, ranging
from a similar cupule form seen on Area A to an intermediate depth. The use-wear
characteristics are mixed with some features that are rugged with leveled high points and

others that are mostly leveled with smooth rounded bumps.

* 41VV166 Area B

[]41vV166 Area B

T BRF ID# —T BRF Outline
Figure 5.41. Horse Trail, Area B feature Figure 5.42. Horse Trail, Area B feature
map with ID points. map with feature outlines.

Area C (Figures 5.38c, 5.43, and 5.44) has five BRFs on a small boulder that is
mostly buried with the top surface sticking up just above ground level. Before we cleared
the site, this area was mostly covered by a cenizo bush that was growing out of C001, a
deep feature with a hole in the bottom. This broken-through feature is unique in the data
set because of the depth combined with the oblong opening. Unfortunately, due to the

sediment, water, and the plants growing in it, the surface was covered by a thick accretion
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and use-wear could not be recorded. The shallower, better preserved features have large

amounts of leveling and rounded bumps.
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Figure 5.43. Horse Trail, Area C feature map with ID points.
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Figure 5.44. Horse Trail, Area C feature map with feature outlines.
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Area D (Figures 5.38d, 5.45, and 5.46) was also discovered while the site was
being cleared of vegetation along the dripline. The boulder was mostly covered by
colluvial, disturbed sediment with one bedrock feature exposed on the northern end of the
boulder. When the remainder of the boulder was uncovered, 24 bedrock features were
found across the entirety of the surface. A majority of these features are shallow. Similar
to at Skiles Shelter, there are some intermediate depth features that share a rim with one
or more shallow features. The predominant use-wear pattern is a rugged surface with

some light rounding of high points creating smoothed bumps.

® 41VV166 Area D 0 025 05 1 [J41vv166 Area D 0 025 05 1
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Figure 5.45. Horse Trail, Area D feature Figure 5.46. Horse Trail, Area D feature
map with ID points. map with feature outlines.

Area E (Figures 5.38e, 5.47, and 5.48) is the furthest downstream bedrock feature
area and consists of 11 BRFs on a small boulder. This rock is broken in multiple places
including a fracture that cuts three features in half around the mid-point of the shaft. This
piece was refit for the photography. The other broken area is near E011, where a plant
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was growing that seemingly broke apart the rock. Most of the features on this rock are
intermediate or deep in depth and the use-wear data consists of rugged surfaces that have

been smoothed and rounded.
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Figure 5.47. Horse Trail, Area E feature map with ID points.
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Figure 5.48. Horse Trail, Area E feature map with feature outlines.
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During 2015 excavations, another large slab with ground stone bedrock
features was recovered at Horse Trail. This slab was located on the far downstream end of
the site at the bottom of a 1 meter-deep pit (Figure 5.49). On one side of the boulder are
four features and a black coloration which could be pigment or charcoal smudging (Figure
5.50). On the underside are three more features. None of these features were included in

the present analysis but it once again highlights the potential for buried bedrock features.

Figure 5.49. Limestone slab at bottom of pit.

Figure 5.50. Limestone slab with bedrock features on both
sides.
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41VV167 — Eagle Cave

Eagle Cave (Figure 5.51) is a large rockshelter located approximately 650 meters
northwest of the Rio Grande River. This shelter is best-known for early excavations that
took advantage of the excellent organic preservation (e.g., Davenport 1938; Ross 1965)
and the Pecos River style pictographs located on the downstream wall (Kirkland and
Newcomb 1967). Excavations show Eagle Cave was occupied throughout a wide time
span, ranging from the Early Archaic to Late Prehistoric (Ross 1965). Despite its size and
long-period use, this site has relatively few bedrock features. There are four permanent
bedrock feature areas, one moveable slab, and one roof fall boulder that contain a total of
38 BRFs (Figure 5.52). Table App B.7 provides the qualitative attribute data and use-
wear observations collected for BRFs at Eagle Cave and metric data are provided in

Table App B.8.
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Figure 5.52. Permanent bedrock feature areas at Eagle Cave. (a) Area A; (b) Area B; (c)
Area C; (d) Area D.
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Area A (Figures 5.52a, 5.53, and 5.54) is located at the end of on an elevated
limestone bench on the upstream end of the site. This area is outside of the dripline and is
exposed to rainfall and other weathering agents. There are two features in this area,
directly adjacent to one another. One feature is of intermediate depth and is highly
leveled with some remnant peck maps still visible. The other is much shallower and also

more rugged with some high points leveled.

® 41VV167 Area A
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Figure 5.53. Eagle Cave, Area A feature map with ID points.
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Figure 5.54. Eagle Cave, Area A feature map with feature outlines.

Area B (Figures 5.52b, 5.55, and 5.56) is adjacent to Area A on the elevated
limestone bench but further back towards the back of the shelter. This area is still close
enough to the dripline that water does get into the features, causing some extreme
weathering on a few features. There are 14 BRFs in this section ranging from shallow to
deep and most of the use-wear is rugged with some leveling of high points. A couple
BRFs (B009 and B011) have possible striations oriented vertically on the wall, which
makes sense as they are deeper features that would have likely been used with a pounding

motion.
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Figure 5.55. Eagle Cave, Area B feature map with ID points.
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Figure 5.56. Eagle Cave, Area B feature map with feature outlines.
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Area C (Figures 5.52¢, 5.57, and 5.58), the last section on the elevated limestone
bench contains eight shallow bedrock features, one of which has almost no concavity. All

features have gently sloping walls and the better preserved features have rugged surfaces

with high points leveled.
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Figure 5.57. Eagle Cave, Area C feature map with ID points.
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Figure 5.58. Eagle Cave, Area C feature map with feature outlines.

Area D (Figures 5.52d, 5.59, and 5.60) is located on the canyon floor,
immediately in front of the rockshelter. There is only one convincing feature in the area,
although another deep hole is a few meters away and may have been culturally modified.
Unfortunately, Area D is not always available due to relatively frequent flooding and
changes in the gravel deposits. I was able to photograph Area D and record basic
attributes, but a couple weeks later a flood occurred and the feature is now buried
underneath gravel deposits. The feature is deep with a conical profile and a round

opening.
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Figure 5.59. Eagle Cave, Area D feature Figure 5.60. Eagle Cave, Area D feature
map with ID points. map with feature outlines.

M1 (Figures 5.61, 5.62, 5.63, and 5.64) is a moveable limestone slab that was
likely found during the Sayles and Kelley excavations (Kelley 1932). This slab has eight
bedrock features on one side and one feature on the opposite side. Of interest, the deepest
feature on side one is worn all the way through the slab. The entirety of the side one
surface is covered by features that are all touching one another. Perhaps that is why the
slab was turned over and used on the opposite side to create another BRF. The features
are all shallow to intermediate in depth and have dished to conical profile ranges. The
limestone’s surface and texture of the M1 slab is slightly different than the bedrock
creating the shelter. Instead of a fine grain texture, M1 has a coarser granularity which
also ties into the use-wear patterns. Most of the surfaces are rugged with some possible
rounding. It is possible these observations are simply a product of the underlying rock

texture, and not the product of specific actions.
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Figure 5.61. Eagle Cave, M1 (side 1)
feature map with ID points.

Figure 5.62. Eagle Cave, M1 (side 1)
feature map with feature outlines.
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Figure 5.63. Eagle Cave, M1 (side 2) Figure 5.64. Eagle Cave, M1 (side 2)
feature map with ID points. feature map with feature outlines.
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Area T (Figures 5.65 and 5.66), the final area at Eagle Cave, is a roof fall boulder
located on the talus slope. Although it is a large boulder, it is possible its location has
changed at some point between now and when it was used due to the steep talus slope.
There are four bedrock features on this boulder that are all of intermediate depth and have
gently sloping walls. This rock is fairly weathered and some of the features are in bad
shape or have only partial areas preserved. The use-wear patterns on the intact areas show

mostly leveling of large areas and sheen or polish.
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Figure 5.65. Eagle Cave, Area T feature map with ID points.
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Figure 5.66. Eagle Cave, Area T feature map with feature outlines.

41VV890

41VV890 is a large, multi-component upland site located along the western edge
of Eagle Nest Canyon. The site contains historic structures, numerous fire-cracked rock
features, and a handful of bedrock features. The BRFs occur on the far southeastern end
of the site near the circular stone alignments and some burned rock clusters (Figure 6.67).
This site exemplifies how difficult it can be to tell the difference between ground stone
bedrock features and natural depressions in an upland setting. Unless the features are very
deep and obvious, weathered concavities in the limestone can easily mimic a cultural
bedrock feature. Although there were many semi-round holes in the area, I only felt

comfortable identifying four bedrock features in one small area as culturally modified.
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General attribute data, use-wear observations, and metric data are presented in Table App

B.9 and Table App B.10 respectively.

41VV0890 - Bedrock Feature Areas
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Figure 5.67. Plan view site map of the southeastern portion of 41VV890 showing
the probable permanent bedrock feature area. The site continues along the canyon
edge to the northwest.

Area A (Figures 5.68 and 5.69) has four likely cultural bedrock features. Two of
them (A0O01 and A002) are much wider and shallower than other holes on the surface and
had a more gently grading rim. The other two features (A003 and A004) were deeper but
had more rounded rims. Other holes in the area had very abrupt rims, which likely were
created through rainwater etching and other natural processes, and this trait was used to
rule out naturally-created holes. The use-wear characteristics were mostly rugged with

some light leveling and rounding.
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Figure 5.68. 41VV890, Area A feature map with ID points.
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Figure 5.69. 41VV890, Area A feature map with feature outlines.
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41VV75

41VV75 (Figure 5.70) is located further downstream within the Rio Grande
drainage system in Seminole Canyon State Park and Historic Site (Figure 5.1). Itis a
large rockshelter with excellent preservation of both the deposits and the pictographic
panels covering the entire back wall. Unfortunately, the site was heavily looted and
disturbed during historic times by individuals looking for perishable artifacts so today the
surface of the shelter has dozens of large mounds and pits from uncontrolled digging.
Despite 41VV75’s potential for yielding valuable archaeological information, no
professional excavations have been undertaken at the site although the site’s pictographs
have been sampled multiple times for radiocarbon dating (Boyd et al. 2014; Hyman and
Rowe 1997; Rowe 2003, 2009). In regards to the bedrock features present, 41VV75 has
the most BRFs (n=353) of any site recorded in this study. These BRFs are spread out
across 11 (Figures 5.71 and 5.72) permanent areas and nine portable rock slabs. These
areas will be described below while Table App B.11 provides the qualitative attribute
data and use-wear observations collected for BRFs and Table App B.12 presents the
metric data. It should also be noted that use-wear analysis was conducted on only 25% of
the features due to time constraints. Efforts were focused on the deeper features since this

site contained so many in comparison to other sites in the study.
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Figure 5.71. Permanent bedrock feature areas at 41VV75. (a) Area A; (b) Area B; (¢)
Area C; (d) Area D; (e) Area E.
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Figure 5.72. Permanent bedrock feature areas at 41VV75. (a) Area F; (b) Area G; (c)
Area H; (d) AreaI; (e) Area J; (f) Area K.
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Area A (Figures 5.71a, 5.73, and 5.74) is a large roof fall boulder located at the
furthest upstream end of the site outside of the dripline. This area was cleared of
vegetation and loose leaves before photography, which uncovered about one third of the
105 recorded bedrock features. This rock contains BRFs of all depths ranging from
shallow to deep and many are set on a gentle incline. Use-wear characteristics of deeper
features in this area included mostly leveled surfaces while the shallower features were

more rugged with only leveling and rounding of high points.
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Figure 5.73. 41VV75, Area A feature map with ID points.
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Figure 5.74. 41VV75, Area A feature map with feature outlines.

Area B (Figures 5.71b, 5.75, and 5.76) is another roof fall boulder located outside
of the dripline on the upstream end of the site. There are 20 BRFs on this surface that
include shallow to intermediate depth features as well as small cupule-like divots (similar
to the ones in Area A at Horse Trail). Interestingly, the divots all have a conical profile as
if they were pecked in a few centimeters and then never really utilized. Across the
boulder, the use-wear data ranges from leveled high points to leveling and rounding of

larger areas.
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Figure 5.75. 41VV75, Area B feature map Figure 5.76. 41VV75, Area B feature map
with ID points. with feature outlines.

Area C (Figures 5.71c, 5.77, and 5.78) is a large boulder sitting at the edge of the
shelter floor and a steep drop off to the bottom floor. This boulder is unprotected by the
shelter roof and the top surface is highly weathered by rainwater etching. Due to this
circumstance, use-wear analysis was not conducted on the BRFs in Area C. There are
multiple natural concavities on this surface, but all have a smoothed level surface. Other
natural concavities have ground stone BRFs pecked into the middle of them. Thirteen
BRFs are located on this rock that range from shallow to very deep. Two of the deepest
features (C005 and C008) were dug out as far as possible since there was little chance for
in situ cultural deposits. We encountered a tightly wedged rock in the bottom of C008
and could not remove it. The wedged rock did not appear to be a ground stone item but it

is not likely the rock fell in the hole naturally, given the tight fit.
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Figure 5.77. 41VV75, Area C feature map Figure 5.78. 41VV75, Area C feature map
with ID points. with feature outlines.

Area D (Figures 5.71d, 5.79, and 5.80) is located on the downstream end of the
site and contains seven bedrock features that are grouped into two clusters. These BRFs
are all shallow with gently sloping walls and occur on a moderately sloped surface.
Above the bedrock features are a series of incised groove marks carved into the limestone
boulder. The recorded use-wear characteristics included rugged walls with some high

points leveled and completely leveled bases.
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Figure 5.79. 41VV75, Area D feature map with ID points.
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Figure 5.80. 41VV75, Area D feature map with feature outlines.
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Area E (Figures 5.71e, 5.81, and 5.82) is a large slab of bedrock on the
downstream end of the site that contains 128 BRFs. The limestone in this area is
protected by the shelter roof but is relatively fragile and there is evidence of many recent
breaks on the surface. The bedrock features extend across this surface in close proximity
to one another, with many features sharing rims. The depths of the features range from
shallow to very deep and the profiles are dished, conical, and straight-walled. There are
three large, deep features (E025, E040, and EO51) in the middle of the area that have
deposits in the bottom but were not dug out. Although there is undoubtedly material in
these features not associated with its use, these BRFs have the best potential of finding in
situ deposits or botanical remains at the bottom. It should be noted that the depths
recorded for these features are a minimum depth since they were not cleaned out. It is
also very likely that bedrock features continues further to the southwest of this area but
are covered by sediment. Due to time constraints, this possibility was not explored. In
regards to use-wear, most of the features on the southern end of the area had more rugged
surfaces with leveled high points and some rounding. The exception to this were the three
deep mortars discussed previously. The upper walls of the mortars were fairly rugged, but
the lower 2/3 of the walls were extremely leveled and smooth to the touch. Use-wear on
the northern end of the boulder had more completely leveled surfaces with low rounded

bumps.
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Figure 5.81. 41VV75, Area E feature map with ID points.
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Figure 5.82. 41VV75, Area E feature map with feature outlines.
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Area F (Figures 5.72a, 5.83, and 5.84) is a small limestone boulder directly
adjacent to Area E that contains five bedrock features. All five are of intermediate depth
and have conical profile shapes. Two features were analyzed for use-wear, one had
rugged surfaces with somewhat rounded bumps and the other was mostly leveled with

rounded bumps.
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Figure 5.83. 41VV75, Area F feature map Figure 5.84. 41VV75, Area F feature map
with ID points. with feature outlines.

Area G (Figures 5.72b, 5.85, and 5.86) is a roof fall boulder on the downstream
end of the site, next to Area F. There are 14 bedrock features on this boulder with types
ranging from shallow to deep and profile shapes occurring in dished, conical, and
straight-walled morphologies. The use-wear varies from rugged with high points leveled
to completely leveled surfaces. Besides the general characteristics, there are a few notable

attributes about Area G. First, two petroglyphs are carved into some of the shallow BRFs
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(Figure 5.87). Second, the deepest feature (G00S8) is broken through at the base at a depth

of 58cm and part of the top wall and rim has broken away but is still visible on the

adjacent rock.
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Figure 5.85. 41VV75, Area G feature map Figure 5.86. 41VV75, Area G feature map
with ID points. with feature outlines.

Figure 5.87. 41VV75, one of the petroglyphs in
Area G.
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Area H (Figures 5.72c, 5.88, and 5.89) is made up of two large boulder directly
southwest of Area G and contains 17 bedrock features. All of the BRFs except for one
(HO08) are shallow in depth and have gently sloping walls. HOOS is another deep mortar
that has deposits in the bottom, but was not dug out. The use-wear on HO08’s walls is
mostly leveled with some rounded bumps and vertically oriented striations on the lower
parts of the wall. Elsewhere, use-wear attributes include overall leveling and rounding or

rugged surfaces with high points leveled.
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Figure 5~8$- 41VVT5, Area H feature map Figure 5.89. 41VV75, Area H feature map
with ID points. with feature outlines.

Nearby, Area I (Figures 5.72d, 5.90, and 5.91) is another large boulder with four
bedrock features on a gently sloping surface. One of the features is of intermediate depth
and has a conical profile while the other three are shallow with a dished profile. The

recorded use-wear attributes include rugged walls with some leveled high points.
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Figure 5.90. 41VV75, Area I feature map Figure 5.91. 41VV75, Area I feature map
with ID points. with feature outlines.

Area J (Figures 5.72¢, 5.92, and 5.93) is a broken piece of bedrock located on the
talus slope below Area E. It is likely this rock came off of the large Area E rock but I
could not identify any similar areas that might connect back together. There are 15
features on this rock and the majority of the BRFs are deeper than the typical shallow
features and have conical profile shapes. Further, the most prominent use-wear pattern is
a leveled surface with some rounded bumps. This is similar to the use-wear observed on
the northern features in Area E, which also supports the assumption that Area J broke off

of that side of Area E.
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Figure 5.92. 41VV75, Area J feature map with ID points.
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Figure 5.93. 41VV75, Area ] feature map with feature outlines.
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Area K (Figures 5.72f, 5.94, and 5.95) is a boulder on the far downstream end of
the site, located along the dripline. There are 15 BRFs on this roof fall boulder, the
majority of which are shallow in depth and have dished profiles. This rock and associated
features are fairly weathered but some of the better preserved features had use-wear

characteristics of leveling and rounded bumps.
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Figure 5.94. 41VV75, Area K feature map with ID points.
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Figure 5.95. 41VV75, Area K feature map with feature outlines.
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M1 (Figures 5.96 and 5.97) is a small, portable limestone slab with one bedrock

features on it. This feature is mostly flat and roughly diamond shaped at the opening. The

use-wear is particularly interesting with very visible peck marks creating the worked

surface, but all of these marks have been smoothed over by leveling. Even though the

surface appears rough, it is smooth to the touch.
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Figure 5.96. 41VV75, M1 feature map
with ID points.

Figure 5.97. 41VV75, M1 feature map
with features outlines.

M2 (Figures 5.98 and 5.99) is also small and portable but the material is not of the

local limestone. Instead, it appears to be another type of sedimentary rock, likely

sandstone, which may have been obtained from the Rio Grande gravels. There is one

shallow bedrock feature with an ovoid opening and a dished profile. The use-wear

patterns are slightly different due to the material. The surface is leveled but the fracture

marks are linear and curved as opposed to pecked.
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Figure 5.98. 41VV75, M2 feature map Figure 5.99. 41VV75, M2 feature map
with ID points. with features outlines.

M3 (Figures 5.100 and 5.101) is a slightly larger limestone slab than the previous
two rocks with one bedrock feature. The feature is intermediate in depth and ovoid at the
mouth, although the rock is fractured so a portion of the rim and upper wall are missing.
The surface is rugged with some leveling of high points and the rim is fairly abrupt.
There are some linear striations oriented horizontally along the wall but I suspect they
may be modern, as public tours come to this site and people often like to pretend they are

using a grinding slab.
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Figure 5.100. 41VV75, M3 feature map Figure 5.101. 41VV75, M3 feature map
with ID points. with features outlines.

M4 (Figures 5.102 and 5.103) is a portable limestone slab with one ephemeral
bedrock feature. This feature is a flat area that is completely leveled and slicked with a
few scattered peck marks. Similar to M3, there are light horizontal striations present

which may be of modern origin.
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Figure 5.102. 41VV75, M4 feature map
with ID points.

Figure 5.103. 41VV75, M4 feature map

with features outlines.

M5 (Figures 5.104 and 5.105) is a thick limestone slab with one bedrock feature.

The BREF is deep with a conical profile but it is also fractured so half of the feature is
missing. The use-wear patterns on the walls are mostly leveled surfaces with a few

rounded bumps and the rim is abrupt.
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Figure 5.104. 41VV75, M5 feature map Figure 5.105. 41VV75, M5 feature map
with ID points. with features outlines.

M6 (Figures 5.106 and 5.107) is another fractured limestone slab with one BRF.

The feature is of intermediate depth and is missing one part of its oblong rim.
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Figure 5.106. 41VV75, M6 feature map Figure 5.107. 41VV75, M6 feature map
with ID points. with features outlines.
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M7 (Figures 5.108 and 5.109) is a portable limestone slab with one circular

pecked area. This feature does not appear to have had much use.
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Figure 5.108. 41VV75, M7 feature map with
ID points.
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Figure 5.109. 41VV75, M7 feature map with
features outlines.
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MS (Figures 5.110 and 5.111) is a small, portable limestone slab with two
bedrock features immediately adjacent to one another. M8001 is a circular shallow

feature and M8002is a semi-crescent shaped pecked area.
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Figure 5.110. 41VV75, M8 feature map with
ID points.
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Figure 5.111. 41VV75, M8 feature map with
features outlines.
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MO (Figures 5.112 and 5.113) is a small limestone slab found in the talus slope

with one round pecked area.
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Figure 5.112. 41VV75, M9 feature map Figure 5.113. 41VV75, M9 feature map
with ID points. with features outlines.
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Sites within the Pecos River Drainage

Two sites analyzed in this study are located within drainages that empty into the
Pecos River, both in the lower sections of the river above the confluence with the Rio

Grande (Figure 5.114).

% Bedrock Features Sites
in Pecos River Drainage

Figure 5.114. Sites recorded within the Pecos River drainage system.

41VV2010 — Mountain Laurel

Mountain Laurel (Figure 5.115) is a decent sized rockshelter in a small tributary
to the Pecos River. The shelter is situated high enough off the canyon floor that it does
not appear to receive much damage from flooding and the roof is large enough to provide

good protection from rainfall. Although no professional excavations have taken place
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here, perishable items laying on the surface (e.g., quids and cordage fragments) are a
testament to the good preservation and potential for archaeological information. There are
a total of 89 bedrock features spread across 13 permanent areas and one portable grinding
slab in the shelter (Figures 5.116, 5.117, and 5.118). These areas will be summarized
below while the attribute data, use-wear characteristics, and metric data are presented in

Table App B.13 and Table App B.14, respectively.
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Figure 5.115. Plan view sketch map of Mountain Laurel.
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Figure 5.116. Permanent ground stone bedrock feature areas at Mountain Laurel.
(a) Area A; (b) Area B; (¢) Area C; (d) Area D; (¢) Area E.
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Figure 5.117. Permanent ground stone bedrock feature areas at Mountain Laurel. (a) Area F;
(b) Area H; (¢) Area G; (d) Area I; (e) Area L.
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Figure 5.118. Permanent ground stone bedrock feature areas at Mountain Laurel.
(a) Area J; (b) Area K; (c) Area M.

Area A (Figures 5.116a, 5.119, and 5.120) contains two bedrock features on a
roof fall boulder located towards the front of the shelter along the dripline. One feature is
of intermediate depth (A001) and the other (A002) is shallow. Both features have

rounded rims with leveled high points.
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Figure 5.119. Mountain Laurel, Area Figure 5.120. Mountain Laurel, Area
A feature map with ID points. A feature map with feature outlines.

Area B (Figures 5.116b, 5.121, and 5.122), another roof fall boulder along the
dripline contains just one shallow feature with an ovoid opening This feature has some

rounding on the walls and high points leveled on the base.
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Figure 5.121. Mountain Laurel, Area Figure 5.121. Mountain Laurel, Area
B feature map with ID points. B feature map with feature outlines.
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Area C (Figures 5.116c¢, 5.123, and 5.124) is a large roof fall boulder immediately
upstream of Area B. There is only one shallow feature present with a circular opening

and a dished profile. The surface was too weathered for any use-wear analysis.
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Figure 5.123. Mountain Laurel, Area C feature map
with ID points.

[ 41vvzo10Areac 0.25
BRF Outline

Meters

Figure 5.124. Mountain Laurel, Area C feature map
with feature outlines.
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Area D (Figures 5.116d, 5.125, and 5.126) contains three bedrock features on a
large boulder just outside the dripline in the middle of the shelter. All three features have
gently sloping walls with a circular opening but one is deeper than the other two. Use-

wear observations were not collected on this area due to poor preservation from

weathering.
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Figure 5.125. Mountain Laurel, Area D Figure 5.126. Mountain Laurel, Area D
feature map with ID points. feature map with feature outlines.

Area E (Figures 5.116e, 5.127, and 5.128) in a large boulder located outside the
dripline and on the edge of the drop off to the canyon floor. There are two features on this
rock. E001 is of intermediate depth and has an ovoid opening while E002 is a shallow
circular feature. This surface was also too weathered to determine any use-wear

attributes.
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Figure 5.127. Mountain Laurel, Area E Figure 5.128. Mountain Laurel, Area E
feature map with ID points. feature map with feature outlines.

Area F (Figures 5.117a, 5.129, and 5.130) is the last roof fall boulder in the front
of the shelter with bedrock features on it. There are two small BRFs, a shallow circular
feature (F001) and a circular pecked area (F002). This boulder is also outside of the

dripline and was too weathered to determine any use-wear patterns.
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Figure 5.129. Mountain Laurel, Area F feature map with ID
points.
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Figure 5.130. Mountain Laurel, Area F feature map with feature
outlines.
Area G (Figures 5.117¢, 5.131, and 5.132) is located on a narrow, elevated
limestone bench at the back of the shelter. There are 26 bedrock features located on this

shelf that are mostly shallow but there are few intermediate depth types as well. The
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majority of the features have rugged surfaces with some high points leveled, although one

deeper feature (G0O18) has mostly leveled surfaces.
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Figure 5.131. Mountain Laurel, Area G feature map with ID points.
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Figure 5.132. Mountain Laurel, Area G feature map with feature outlines.

Area H (Figures 5.117b, 5.133, and 5.134) is on a large roof fall boulder resting at
the base of a series of limestone benches on the downstream end of the site. There are 13
bedrock features on this rock, the majority of which are an intermediate depth and have
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circular openings. Use-wear analysis was not conducted on this surface due to heavy

weathering and accretions obstructing the limestone.
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Figure 5.133. Mountain Laurel, Area H feature map with ID points.
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Figure 5.134. Mountain Laurel, Area H
feature map with feature outlines.

Area I (Figures 5.117d, 5.135, and 5.136) is a small area on the lowest

downstream limestone bench. There is only one feature here that is shallow with an ovoid

opening and is mostly leveled with some remnant peck marks.

N N

@ 41VWW2010Areal 0 2 40
BRF 1D#

1 41vv2010 Areal O 20
Centimeters BRF Outline

Figure 5.136. Mountain Laurel,
Area | feature map with feature
outlines.

Figure 5.135. Mountain Laurel,
Area I feature map with ID points.
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Area J (Figures 5.118a, 5.137, and 5.138) is located above Area I on an elevated
limestone bench. There are 17 bedrock features present on this bench that range in depth
from shallow to deep mortars. The profiles include dished, conical, and flat
morphologies. Many of the features are too weathered for use-wear observations. In the
features where the surface is intact, it ranges from rugged with leveled and rounded high

points to completely leveled areas.
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Figure 5.137. Mountain Laurel, Area J feature map with ID points.
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Figure 5.138. Mountain Laurel, Area J feature map with
feature outlines.

Area K (Figures 5.118b, 5.139, and 5.140) is located on the limestone bench
directly above Area J and also contains 17 bedrock features. The majority of the features
are shallow but a few intermediate depths are present. Most of the features’ surfaces are
obscured by weathering but the use-wear that is visible ranges from rugged surfaces with

some leveled areas to completely leveled surfaces across the feature.
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Figure 5.139. Mountain Laurel, Area K feature map with ID
points.
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Figure 5.140. Mountain Laurel, Area K feature map with
feature outlines.

Area L (Figures 5.117e, 5.141, and 5.142) is a small section on the bedrock in the
middle of the rockshelter. There is only one feature in this area that is shallow with an

ovoid opening. The use-wear attributes for this feature include leveling and rounding of

high points.
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Figure 5.142. Mountain Laurel,

Area L feature map with feature
outlines.

Figure 5.141. Mountain Laurel,
Area L feature map with ID
points.
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Area M (Figures 5.118c, 5.143, and 5.144) is located on a boulder near the edge
of the talus slope on the downstream end of the site. There is one feature of intermediate
depth in this area with a circular opening and a conical profile. Use-wear attributes were

not collected due to significant weathering of the rock surface.
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Figure 5.143. Mountain Laurel, Area M Figure 5.144. Mountain Laurel, Area M
feature map with ID points. feature map with feature outlines.

P1 (Figures 5.145 and 5.146) is a small portable limestone slab with one shallow
bedrock feature on the surface. The opening is ovoid and the profile has gently sloping
walls. The use-wear attributes include an almost completely leveled surface with some

remnant peck marks and light striations along the long axis.

152



0 9 18
® 41VV2010 P1 0 9 18 [J41vva010 P4

BRF ID¥ o = BRF Outline Centimeters

Figure 5.145. Mountain Laurel, P1 feature Figure 5.146. Mountain Laurel, P1 feature
map with ID points. map with feature outlines.

41VV124 — White Shaman

White Shaman (Figure 5.147) is a rockshelter in a small tributary to the Pecos
River near its confluence with the Rio Grande. The site is well-known for the extremely
vibrant and well-preserved Pecos River Style mural present and tours visit every Saturday
for the majority of the year. Often overlooked are a burned rock talus below the site and
numerous ground stone bedrock features. There are a total of 54 bedrock features spread
across five permanent areas within the shelter (Figure 5.148). These areas will be
summarized below while the attribute data, use-wear characteristics, and metric data are

presented in Table App B.15 and Table App B.16, respectively.
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Figure 5.147. Plan view sketch map of White Shaman. Map by Spencer Lodge.
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Figure 5.148. Permanent ground stone bedrock feature areas at White Shaman.
(a) Area A; (b) Area B; (¢) Area C; (d) Area D; (¢) Area E.
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Area A (Figures 5.148a, 5.149, and 5.150) is a large boulder located outside of the
dripline on the northwest end of the site. This boulder has at least four bedrock features,
three of which are currently on the underside of the rock. The most notable feature is the
large BRF (A001) that extends all the way through the boulder. However, the now-visible
surface is actually the underside of the original feature. At some point, the boulder was
flipped and the other small features were hidden. The three shallow features are adjacent
to AOO1 and some even share a rim with it. Although difficult to get a good look, the use-
wear on the shallow features is rugged with some leveling and rounding. The deep
feature has walls that are extremely smooth to the touch with only remnant pecks and
some small rounded bumps. Also of note, there appears to be a design of black pigment

on the wall of A001, although it is difficult to tell what the image might be (Figure

5.151).
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Figure 5.149. White Shaman, Area A Figure 5.150. White Shaman, Area A
feature map with ID points. feature map with feature outlines.
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Figure 5.151. Black pigment within the shaft of the deep feature in Area A.

Area B is (Figures 5.148b, 5.152, and 5.153) located on the upper bedrock floor
of the shelter towards the back wall. There are 30 bedrock features here that range from
very shallow to very deep. The features appear to be fairly spread out across the area but
there are a few clusters of multiple together or situated in a linear pattern. In regards to
the use-wear patterns, most features are relatively rugged with some leveling of high
points or rounding of bumps. There are a few features (B013 and B025) that have leveled

surfaces smooth to the touch.
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Figure 5.152. White Shaman, Area B feature map with ID points.
White areas on map from using lighting to illuminate deep features.
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Figure 5.153. White Shaman, Area B feature map with feature outlines.
White areas on map from using lighting to illuminate deep features.
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Area C (Figures 5.148c, 5.154, and 5.155) is located on the limestone floor
northwest of the rock art panel. There are 17 bedrock features in this area with a variety
of depths, including shallow, intermediate, and deep features. Some of the features have
rugged surfaces with high points leveled and rounded but many others have completely

leveled and smooth surfaces.

® 41VV124 AreaC

0.5 1 2
BRF ID#

Meters

Figure 5.154. White Shaman, Area C feature map with ID
points.
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Figure 5.155. White Shaman, Area C feature map with
feature outlines.
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Area D (Figures 5.148d, 5.156, and 5.157) contains two features that are located
on a limestone shelf immediately in front of and below the main rock art panel. Both

features are shallow and the sloped surface is extremely slick.

® 41VV124 AreaD 0 0.25 0.5 1
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Figure 5.156. White Shaman, Area D feature map with ID
points.
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Figure 5.157. White Shaman, Area D feature map with
feature outlines.
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Area E (Figures 5.158) consists of one intermediate depth feature that is near the
back wall on the southeast end of the site. The feature had originally gone unnoticed
because it blended in with the natural weathering holes surrounding the area. This area

was not mapped with Structure from Motion Photogrammetry.

Figure 5.158. White Shaman, Area E.
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Sites within the Devils River Drainage

The final two sites recorded in the present study are located within Dead Man’s

Creek (DMC), a large tributary to the Devils River (Figure 5.159).

“® Bedrock Features Sites
in Devils River Drainage

Figure 5.159. Sites recorded within the Devils River drainage system.

41VV1284 — Running Deer

Running Deer (Figure 5.160) is a rockshelter situated high at the top of a ridge of
two intersecting drainages. The shelter appears to have decent preservation, as evidenced
by the large and intricate Pecos River Style mural on the back wall, but perhaps the most
impressive part of the site is the huge burned rock talus extending downslope from the

shelter. No excavations have taken place at this site, although it was recorded on survey
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by Koenig (2012) and the pictographs have been documented by Shumla Archaeological
Research and Education Center. There are 23 bedrock features spread across eight
permanent areas (Figures 5.161 and 5.162). These areas will be summarized below while
the attribute data, use-wear characteristics, and metric data are presented in Table App

B.17 and Table App B.18, respectively.

41VV1284 Sketch Map
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Figure 5.160. Plan view sketch map of Running Deer.
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Figure 5.161. Permanent ground stone bedrock feature areas at Running Deer.
(a) Area A; (b) Area B; (¢) Area C; (d) Area D.
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Figure 5.162. Permanent ground stone bedrock feature areas at Running Deer.
(a) Area E; (b) Area F; (c) Area G; (d) Area H.
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Area A (Figures 5.161a, 5.163, and 5.164) is located on bedrock at the furthest
western end of the site. There are only four features in this area but they are varied in
depth with two shallow features, one of intermediate depth, and one deep mortar. This
area is right along the dripline so it is fairly weathered and rainwater collects in the
deeper features. Consequently, some of the use-wear is obscured by accretions or pitting

but other areas show extensive leveling and rounding of bumps.

0 0.25 0.5 1 ©® 41VV1284 Area A
Metors BRF ID#

Figure 5.163. Running Deer, Area A feature map with
ID points.

0 0.25 05 1 [CJ41vVv1284 Area A
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Figure 5.164. Running Deer, Area A feature map with
feature outlines.
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Area B (Figures 5.161b, 5.165, and 5.166) is located on the shelter wall in a
natural indentation of the wall. There is only one shallow feature with an ovoid opening
situated on a gentle incline. The use-wear patterns observed include rugged surfaces with

rounding of the high points.

® 41VV1284 Area B 0 0.3 0.6
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Figure 5.165. Running Deer, Area B
feature map with ID points.
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Figure 5.166. Running Deer, Area B
feature map with feature outlines.
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Area C (Figures 5.161c, 5.167, and 5.168) contains two intermediate type features
on a horizontal bedrock surface in front of some pictographs. These features are both

relatively rugged with only some leveling of high points.

] 0.25 05 ® 41VV1284 Area C
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Figure 5.167. Running Deer, Area C
feature map with ID points.
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Figure 5.168. Running Deer, Area C
feature map with feature outlines.

168



Area D (Figures 5.161d, 5.169, and 5.170) is located on horizontal bedrock in front of the
easternmost pictographs in the shelter. There are six bedrock features in this area that are
a mix of shallow and intermediate depths. The use-wear attributes range from rugged

with some leveling to completely leveled areas and rounded bumps.

® 41VV1284 Area D 0 0.25 0.5 1
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Figure 5.169. Running Deer, Area D feature map with ID
points.
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Figure 5.170. Running Deer, Area D feature map with
feature outlines.
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Area E (Figures 5.162a, 5.171, and 5.172) is located on a gently sloping limestone
bedrock surface on the eastern edge of the site. There are two flat bedrock features in this
area that are completely leveled and smooth to the touch. These features are very

ephemeral but they stand out due to the rough nature of the surrounding rock.

0 0.25 0.5 1

® 41VV1284 Area E
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Figure 5.171. Running Deer, Area E feature map with ID
points.
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Figure 5.172. Running Deer, Area E feature map with
feature outlines.
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Area F (Figures 5.162b, 5.173, and 5.174) contains two shallow features with
ovoid openings located on bedrock near the dripline. These features are very ephemeral
and weathered due to rain water. However, the base of FOO1 does appear to be intact and

has a fairly leveled and rounded surface.

0 0.5 1 ® 41VV1284 Area F
BRF Outline
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Figure 5.173. Running Deer, Area
F feature map with ID points.
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Figure 5.174. Running Deer, Area F
feature map with feature outlines.
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Area G (Figures 5.162¢, 5.175, and 5.176) contains two features on bedrock just
inside of the dripline on the eastern end of the site. GOO1 is of intermediate depth and has
thick accretions covering the rims and upper walls. The lower walls are preserved and are
completely leveled and smooth. G002 is shallow and the preserved areas are mostly

leveled.

0 0.25 05 1 ® 41VV1284 Area G
Pt BRF ID#

Figure 5.175. Running Deer, Area G feature map with
ID points.
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Meters BRF Outline

Figure 5.176. Running Deer, Area G feature map with
feature outlines.
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Area H (Figures 5.162d, 5.177, and 5.178) is the easternmost bedrock
feature area at Running Deer and is situated near a steep drop off. This area is not
protected by the shelter roof and is extremely weathered. There are four convincing
bedrock features, all of which are shallow in nature. In the areas that are not weathered,

the features have mostly leveled walls with somewhat rugged bases.

(] 0.5 1 2 @® 41VV1284 AreaH
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Figure 5.177. Running Deer, Area H feature map with
ID points.
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Figure 5.178. Running Deer, Area H feature map with
feature outlines.
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41VV1342 — Ryes ‘N Sons Retreat

Ryes ‘N Sons Retreat (Figure 5.179) is a large rockshelter located in the Dead
Man’s Creek tributary to the Devils River. The site contains large amounts of lithics
scattered across the floor, a small amount of burned rock, and a small faded panel of
pictographs on the rear wall above some cemented gravels. There are thick calcium
carbonate stains over the rock art and above the cemented gravels so it is likely a spring
vent once flowed from the back wall. In addition, there are 45 bedrock features spread
across seven permanent areas (Figures 5.180 and 5.181) and two moveable slabs. These
areas will be summarized below while the attribute data, use-wear characteristics, and

metric data are presented in Table App B.19 and Table App B.20, respectively.
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Figure 5.180. Permanent ground stone bedrock feature areas at Ryes ‘N Sons Retreat.
(a) Area A; (b) Area B; (¢) Area C; (d) Area D; (¢) Area E.
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Figure 5.181. Permanent ground stone bedrock feature areas at Ryes ‘N
Sons Retreat. (a) Area F; (b) Area G.

Area A (Figures 5.180a, 5.182, and 5.183) is on a large boulder in the eastern part
of the shelter. There are 16 bedrock features in this area that range from flat slicks to

intermediate depth features. Many of these features are set on an incline on a side of the
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boulder. The use-wear attributes include some features that are pecked and have leveled

or rounded points to some features that are mostly leveled.

0 1 2 @ 41VV1342AreaA
BRF ID#
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Figure 5.182. Ryes ‘N Sons Retreat, Area A feature map with
ID points.
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Figure 5.183. Ryes ‘N Sons Retreat, Area A feature map with
feature outlines.
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Area B (Figures 5.180b, 5.184, and 5.185) is located on a partially buried rock
along the dripline on the eastern half of the shelter. During the first visit to the site, we
cleared away some colluvial sediment that was covering approximately half of the
boulder. In total, there are 14 BRF on this rock, the majority of which are shallow. No

use-wear analyses were conducted on these surfaces due to weathering and obstruction

from dirt staining.

0 0.2 0.4 0.8 ® 41VV1342 Area B 0 0.2 04 0.8 [CJ41vw1342 Area B

v BRF ID# Mators BRF Outline
Figure 5.184. Ryes ‘N Sons Retreat, Area Figure 5.185. Ryes ‘N Sons Retreat, Area
B feature map with ID points. B feature map with feature outlines.

Area C (Figures 5.180c, 5.186, and 5.187) is located south of Area B and is a
partially buried boulder near the back wall. There is one shallow feature with an ovoid
opening and gently sloping walls in this area. Area C was also too heavily weathered for

any use-wear observations.
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Figure 5.186. Ryes ‘N Sons Retreat, Area Figure 5.187. Ryes ‘N Sons Retreat, Area
C feature map with ID points. C feature map with feature outlines.

Area D (Figures 5.180d, 5.188, and 5.189) contains three bedrock features and is
located on a roof fall boulder near the center of the shelter. Two of the BRFs are shallow
and one is of intermediate depth, all have a circular opening. Further, all of the features

have rugged surfaces with rounded edges on the high points.

° 0.2 05 @41VV1342 Area D

Meters. BRF ID#

Figure 5.188. Ryes ‘N Sons Retreat, Area D feature map
with ID points.
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Matera BRF Outline

Figure 5.189. Ryes ‘N Sons Retreat, Area D feature map
with feature outlines.

Area E (Figures 5.180e, 5.190, and 5.191) is a roof fall boulder surrounded by
other unmodified rocks in the middle of the shelter. There are two features present in
Area E, one shallow and one flat slick. Both features have surfaces that are rugged with

some leveling of high points.

[] 0.25 0.5 1 ® 41VV1342 Area E
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Figure 5.190. Ryes ‘N Sons Retreat, Area E feature map
with ID points.
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Figure 5.191. Ryes ‘N Sons Retreat, Area E feature map
with feature outlines.

Area F (Figures 5.181a, 5.192, and 5.193) is a rock slab on the western edge of

the site with three bedrock features. There are two shallow and one intermediate depth

features with leveled and rounded bumps on the surfaces.
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Figure 5.192. Ryes ‘N Sons Retreat, Area F
feature map with ID points.
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Figure 5.193. Ryes ‘N Sons Retreat, Area
F feature map with feature outlines.




Area G (Figures 5.181b, 5.194, and 5.195) is another rock slab located near Area
F on the western end of the site. There are two bedrock features located on the boulder,
from shallow to intermediate in depth. Both features have rugged surfaces with some

rounded high points.
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Figure 5.194. Ryes ‘N Sons Retreat, Area G feature map with
ID points.
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Figure 5.195. Ryes ‘N Sons Retreat, Area G feature map with
feature outlines.
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M1 (Figures 5.196 and 5.197) is a limestone portable slab with three bedrock
features on it, two of intermediate depth while the last one is shallow. The surfaces of the

features are rugged with some rounding and some leveled areas in the base.

L 10 20 ® a1vv13a2 M1
Centimeters BRF ID#

Figure 5.196. Ryes ‘N Sons Retreat, M1
feature map with ID points.

. L 2 [] a1vvizazmi
Centimeters BRF Outline

Figure 5.197. Ryes ‘N Sons Retreat, M1
feature map with feature outlines.
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M2 (Figures 5.198 and 5.199) is another moveable limestone slab with one
intermediate depth feature that has a circular opening. The surface of the feature is

pecked and rugged with some rounding of high points.

0 il N @ 41VV1342 M2
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Figure 5.198. Ryes ‘N Sons Retreat, M2
feature map with ID points.
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Figure 5.199. Ryes ‘N Sons Retreat, M2
feature map with feature outlines.
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VI. BEDROCK FEATURE MORPHOLOGICAL DISTRIBUTION

As seen in the previous chapter, bedrock feature attributes and measurements
greatly vary within and between sites across the region. This chapter focuses on
analyzing the quantitative bedrock feature data to better understand the morphological
variation of these features within the Lower Pecos. While other useful data was collected
in the form of qualitative attribute data, focusing on the quantitative measurements
provides a more objective and standardized method for analyzing the distribution of

bedrock feature types.

The distribution of depth, long axis (Axis-1), short axis (Axis-2), and the length-
width ratio measurements are considered for each site as well as within the entire sample
(n=824). All measurements were acquired digitally through GIS software using the 3D
model created with Structure from Motion (SfM) Photogrammetry (see Chapter 4). Since
the measurements obtained through this method are at a finer resolution than typical
field-gathered measurements, I am able to break down the data into very small intervals if
I'so choose (e.g., a tenth of a centimeter). Data are presented below in the form of
histograms showing the frequency of features present within a given measurement

interval (e.g., 1.0 cm ranges, 0.25 cm ranges, etc.).

The following discussion provides data supporting what the most common type of
feature is and also will identify what kind of features should be considered outliers or
aberrant. First, I present metric data trends from within each site, starting with the site

with the highest number of bedrock features and moving to the site with the lowest
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number. Then I expand the analysis to groups of sites in similar locations within the
region in order to compare feature morphologies in slightly differing vegetation
communities. Finally, I discuss the regional dataset altogether. Interpretations and

discussions of these analyses are presented in Chapter 7.

Individual Site Quantitative Distribution

41VV75

41VV75 has the highest number of bedrock features (BRF) (n=353) out of all of
the sites included in this study. The descriptive statistics for each measurement at

41VV75 are provided in Table 6.1 and each variable is discussed in more detail below.

Table 6.1. Descriptive Statistics for 41VV75 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 4.2 13.0 9.6 1.4
Standard Error 0.4 0.2 0.2 0.0
Median 2.2 12.5 9.6 1.3
Standard Deviation 7.71 4.42 2.88 0.35
Sample Variance 59.52 19.50 8.31 0.12
Kurtosis 32.67 1.76 2.72 2.63
Skewness 5.50 0.82 0.79 1.40
Range 57.75 30.52 20.81 2.29
Maximum 58.00 33.47 23.43 3.25
Minimum 0.25 2.95 2.62 1.00
Count 348 322 322 322

* Modes for each variable were not indicated due to lack of duplicated values.

Maximum Depth Measurement. At 41VV75, 348 of the 353 bedrock features were

measured for depth, the remainder were too fractured to obtain an accurate measurement.
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Bedrock feature depths range from 0.25-58.0 cm, have a mean of 4.2 cm and a standard
deviation of 7.7 cm. A Shapiro-Wilk test shows these data are not normally distributed
(W=0.3587; n=348; p=0.0), which is due to the heavily right-skewed data set (Figure

6.1). It is not a surprise the deep features are outliers since their unique presence is why
41VV75 was included in this project. The data set appears to be unimodal and increases

very quickly from 0 cm (a flat surface) to 1-2 cm in depth (a shallow bedrock feature).
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Figure 6.1. 41VV75 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). The Axis-1 measurement is the longer of the two
axes across the mouth of the feature opening and is considered to be the length. Thirty-
one features were too fractured to obtain accurate length measurements so 322 BRF were
considered for this analysis. The maximum length of Axis-1 is 33.5 cm and the minimum
length is 2.95 cm. The mean length for Axis-1 is 13.0 cm and the standard deviation is

slightly less than for depth at 4.4 cm. The Shapiro-Wilk test for normality shows these
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data are not normally distributed (W=0.966; n=322; p=7.62E-07), which again is likely

due to the slight tail extending out to the right with the outliers (Figure 6.2).
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Figure 6.2. 41VV75 bedrock feature Axis-1 (length) histogram with measurement interval of
1.0 cm.

Axis-2 Measurement (Width). The Axis-2 measurement is the shorter of the two
axes across the mouth of the feature opening and is considered to be the width. Thirty-
one features were too fractured to obtain accurate length measurements so 322 BRF were
considered for this analysis. The maximum width measures 23.4 cm and the shortest
width measurement is 2.6 cm. The mean length for Axis-1 is 9.6 cm and the standard
deviation is 2.9 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.9601; n=322; p=1.08E-07). Once again, the abnormality of

the data can likely be attributed to the outliers greater than 20 cm wide (Figure 6.3).

189



41VV7S Axis 2 (Width)

50 48 48
=

45
" 39
35
30 27
25
20
15
10
10 7
5

il
o W

Lo T R T~ T AN I T

o W dE N Y

Width Ranges (cm)

Frequency

2
1 1
. - |
A & ar
Q’ v \: v N f\.)l v
Y.

Figure 6.3. 41VV75 bedrock feature Axis-2 (width) histogram with measurement interval

of 1.0 cm.

Length-Width Ratio Measurement. As mentioned in Chapter 4, the length-width
ratio is a measurement that gives an approximation of how circular or elongated a feature
is. Ratios close to 1.0 are more circular while ratios higher than 1.0 represent features that
are more elliptical. The minimum value is 1.0 cm, which represents a circular opening,
and the maximum length-width ratio is 3.2 cm. The mean ratio is 1.4 cm and the standard
deviation is 0.4 cm. A Shapiro-Wilk test shows these data are is not normally distributed
(W=0.8723; n=322; p=1.22E-15), which is likely due to the fact that the data is skewed
right. The length-width ratio histogram (Figure 6.4) shows that a majority of the features

have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round

opening.
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Figure 6.4. 41VV75 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV165 — Skiles Shelter

41VV165 has the second highest number of bedrock features (n=126) out of all of
the sites included in this study. The descriptive statistics for each variable at 41VV165

are provided in Table 6.2 and each variable is discussed in more detail below.

Table 6.2. Descriptive Statistics for 41VV165 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 2.55 13.76 10.36 1.32
Standard Error 0.21 0.51 0.30 0.03
Median 1.78 12.61 10.17 1.22
Standard Deviation 2.37 5.78 3.32 0.31
Sample Variance 5.60 33.36 11.04 0.10
Kurtosis 18.82 2.74 0.02 1.74
Skewness 3.59 1.33 0.36 1.51
Range 18.38 33.65 16.98 1.41
Maximum 18.59 36.57 19.78 2.41
Minimum 0.20 2.92 2.80 1.01
Count 126 126 126 126

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 126 bedrock features at 41VV165 were whole
and yielded a complete depth measurement. Bedrock feature depths range from 0.2-18.6
cm, have a mean of 2.6 cm and a standard deviation of 2.4 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.6773; n=126; p=2.89E-15), which is
due to the heavily right-skewed data set (Figure 6.5). While the deepest features might
not have been outliers within the previous dataset (41VV75), the range of depths at
41VV165 is much less drastic and features deeper than 9.0 cm stand out in this
distribution. The most common depth are features between 1.0-2.0 cm in depth but there

another small peak between 3.0-4.0 cm as well.
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Figure 6.5. 41VV 165 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). All 126 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 36.6 cm and the

minimum length is 2.9 cm. The mean length for Axis-1 is 13.8 cm and the standard
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deviation is 5.8 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.9147; n=126; p=7.17E-07), which again is likely due to the
slight tail extending out to the right with the outliers and the relatively evenly spread

frequency of features between 7.0-18.0 cm deep. (Figure 6.6).
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Figure 6.6. 41VV165 bedrock feature Axis-1 (length) histogram with measurement interval of
1.0 cm.

Axis-2 Measurement (Width). All 126 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 19.8 cm and the shortest
width measurement is 2.8 cm. The mean length for Axis-2 is 10.4 cm and the standard
deviation is 3.3 cm. The Shapiro-Wilk test for normality shows these data are normally
distributed (W=0.9869; n=126; p=0.2722). The data set is relatively unimodal with a

gentle slope down from the mean (Figure 6.7).
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Figure 6.7. 41VV 165 bedrock feature Axis-2 (width) histogram with measurement interval of
1.0 cm.
Length-Width Ratio Measurement. The minimum length-width value at 41VV165

is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 2.4
cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.825388; n=126; p=6.35E-11). The
length-width ratio histogram (Figure 6.8) shows that a majority of the features have a
ratio between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round

opening.
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Figure 6.8. 41VV165 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV2010 — Mountain Laurel

41VV2010 has 89 of bedrock features located throughout much of the existing
bedrock at the site. The descriptive statistics for each measurement at 41VV2010 are
provided in Table 6.3 and each variable is discussed in more detail below.

Table 6.3. Descriptive Statistics for 41VV2010 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 3.23 12.37 9.75 1.26
Standard Error 0.20 0.49 0.31 0.03
Median 2.75 11.50 9.54 1.17
Standard Deviation 1.89 4.62 2.88 0.28
Sample Variance 3.57 21.31 8.32 0.08
Kurtosis 0.81 2.59 7.36 1.88
Skewness 1.00 1.31 1.83 1.58
Range 9.35 27.42 20.58 1.25
Maximum 9.86 31.31 24.33 2.26
Minimum 0.51 3.88 3.75 1.00
Count 89 89 89 89

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 89 bedrock features at 41VV2010 were whole
and yielded a complete depth measurement. Bedrock feature depths range from 0.5-9.9
cm, have a mean of 3.2 cm and a standard deviation of 1.9 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.9271; n=89; p=9.08E-05), which is
likely due to the one outlier that is greater than 9.0 cm in depth and the low number of
features less than 1.0 cm deep (Figure 6.9). The most common depth are features between
2.0-3.0 cm in depth but quite a few features are also between 1.0-2.0 cm and 3.0-4.0 cm

in depth. This pattern is more consistent with a unimodal bell curve.
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Figure 6.9. 41VV2010 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). All 89 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 31.3 cm and the
minimum length is 3.9 cm. The mean length for Axis-1 is 12.4 cm and the standard

deviation is 4.6 cm. The Shapiro-Wilk test for normality shows these data are not
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normally distributed (W=0.9095; n=89; p=1.22E-05), which is likely due to the shortest
and longest length range outliers (Figure 6.10). The data are bimodal with two even peaks

of features that have a long Axis 0f 9.0-10.0 cm and 11.0-12.0 cm.

41VV2010 Axis 1 (Length)

16

Frequency

J . -

6 -

~7  EEEE—— h

& —

9 meee—

—
{7 —— g
53—
U —— =)

S —

6 —

42 — o

7S o

{9 e—

0 mm -

</ mm =

————
S N
7 mm e
- -

L) ", o) o AN o ~
SRV NS S SR ORI A O R R
MESENSEUECEECE S NENS A R VR R N N

Length Ranges (¢cm)

Figure 6.10. 41VV2010 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 89 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 24.3 cm and the shortest
width measurement is 3.8 cm. The mean length for Axis-2 is 9.8 cm and the standard
deviation is 2.9 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.8765; n=89; p=0.4.67E-07), which again is due to the outliers
in the shortest and longest width ranges. Besides the outliers, the data set creates a rough

unimodal bell curve (Figure 6.11).
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Figure 6.11. 41VV2010 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value at
41VV2010 is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 2.3 cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A
Shapiro-Wilk test shows these data are not normally distributed (W=0.8022; n=89;
p=1.4E-09). The length-width ratio histogram (Figure 6.12) shows that a majority of the
features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly

sub-round opening.
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Figure 6.12. 41VV2010 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV166 — Horse Trail Shelter

41VV166 has a surprisingly high number of bedrock features (n=65), considering
the complete lack of bedrock at the site (all features are located on roof fall boulders).
The descriptive statistics for each measurement category at 41VV165 are provided in
Table 6.4 and each variable is discussed in more detail below.

Table 6.4. Descriptive Statistics for 41VV 166 Bedrock Features”.
Depth (cm) Axis 1 (ecm) Axis 2 (em) L/W Ratio

Mean 4.74 11.30 9.13 1.24
Standard Error 0.82 0.54 0.39 0.03
Median 2.42 10.57 9.19 1.14
Standard Deviation 6.59 433 3.12 0.24
Sample Variance 43.40 18.78 9.76 0.06
Kurtosis 4.73 0.76 0.80 1.43
Skewness 2.40 0.38 -0.04 1.37
Range 29.42 21.66 15.88 1.06
Maximum 29.45 23.63 17.74 2.06
Minimum 0.03 1.97 1.86 1.00
Count 65 65 65 65

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 65 bedrock features at 41VV166 were whole
and yielded a complete depth measurement. Bedrock feature depths range from 0.03-29.5
cm, have a mean of 4.7 cm and a standard deviation of 6.6 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.5787; n=65; p=2.26E-12), which is
likely due to the various outliers greater than 10.0 cm in depth (Figure 6.13). The most
common depth are features between 2.0-3.0 cm in depth, although there are almost as
many features 1.0-2.0 cm deep. Further, there is another small peak of feature depth

around 21.0-23.0 cm.
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Figure 6.13. 41VV166 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). All 65 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 23.6 cm and the
minimum length is 1.97 cm. The mean length for Axis-1 is 11.3 cm and the standard

deviation is 4.3 cm. The Shapiro-Wilk test for normality shows these data are normally
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distributed (W=0.9647; n=65; p=0.061), despite the lack of features with a length
between 3.0-5.0 cm (Figure 6.14). The data are relatively unimodal with a few minor

peaks in the shortest lengths and between 13.0-15.0 cm.
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Figure 6.14. 41VV166 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 65 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 17.7 cm and the shortest
width measurement is 1.9 cm. The mean length for Axis-2 is 9.1 cm and the standard
deviation is 3.1 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.9588, n=65; p=0.0298), which is likely due to the sharp drop

off after the most common width measurement (9.0-10 cm) (Figure 6.15).
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Figure 6.15. 41VV166 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value at 41VV166

is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 2.1

cm. The mean ratio is 1.2 cm and the standard deviation is 0.2 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.8415; n=65; p=7.83E-07). The
length-width ratio histogram (Figure 6.16) shows that a majority of the features have a
ratio between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round

opening.
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Figure 6.16. 41VV 166 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV124 — White Shaman

41V V124 has a total of 54 bedrock features and the descriptive statistics for each

measurement are provided in Table 6.5. Each variable is discussed in more detail below.

Table 6.5. Descriptive Statistics for 41VV124 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 6.64 11.94 9.90 1.24
Standard Error 1.69 0.63 0.44 0.04
Median 1.75 11.37 9.35 1.10
Standard Deviation 12.19 4.56 3.17 0.30
Sample Variance 148.65 20.83 10.06 0.09
Kurtosis 9.67 11.23 -0.93 6.62
Skewness 3.16 2.36 0.34 2.33
Range 55.51 28.68 11.23 1.55
Maximum 56.00 34.78 16.08 2.55
Minimum 0.49 6.10 4.85 1.00
Count 52 52 52 52

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. At 41VV124, 52 of the 54 bedrock features were
whole and yielded a complete depth measurement. Bedrock feature depths range from
0.5-56.0 cm, have a mean of 6.6 cm and a standard deviation of 12.9 cm. A Shapiro-
Wilk test shows these data are not normally distributed (W=0.5091; n=52; p=6.15E-12),
which is likely due to the one peak at 1.0-2.0 cm in depth and the steep drop off to the
right-skewed tail (Figure 6.17). The most common depth are features between 1.0-2.0 cm

in depth and the rest are spread in low frequencies across a broad range of depths.
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Figure 6.17. 41VV124 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). Two of the 54 bedrock features were fractured, so
52 features were considered for the Axis-1 measurement. The maximum length of Axis-1
is 34.8 cm and the minimum length is 6.1 cm. The mean length for Axis-11s 11.9 cm and
the standard deviation is 4.6 cm. The Shapiro-Wilk test for normality shows these data

are not normally distributed (W=0.7968; n=52; p=5.02E-07), due to the multiple peaks

204



and an extreme outlier with a length measurement of 34.0-35.0 cm (Figure 6.18). The

peaks in length measurement are at 6.0-7.0 cm, 11.0-12.0 cm, and 15.0-16.0 cm.
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Figure 6.18. 41VV 124 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.
Axis-2 Measurement (Width). Two of the 54 bedrock features were fractured, so

52 features were considered for the Axis-2 measurement. The maximum width measures
16.1 cm and the shortest width measurement is 4.9 cm. The mean length for Axis-2 is 9.9
cm and the standard deviation is 3.2 cm. The Shapiro-Wilk test for normality shows these
data are not normally distributed, although it is extremely close (W=0.9553; n=52;
p=0.049). The frequencies are evenly spread across large width ranges with a small peak

at 9.0-10 cm (Figure 6.19).
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Figure 6.19. 41V V124 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.
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Length-Width Ratio Measurement. The minimum length-width value at 41VV124
is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 2.6
cm. The mean ratio is 1.2 cm and the standard deviation is 0.3 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.733; n=52; p=2.19E-08). The length-
width ratio histogram (Figure 6.20) shows that a majority of the features have a ratio

between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round opening.
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Figure 6.20. 41VV 124 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV1342 — Ryes ‘N Sons Retreat

41VV1342 has a total of 45 bedrock features spread across roof fall boulders in
the site. The descriptive statistics for each measurement are provided in Table 6.6 and
each variable is discussed in more detail below.

Table 6.6. Descriptive Statistics for 41VV 1342 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 2.90 12.21 9.43 1.31
Standard Error 0.26 0.58 0.37 0.04
Median 2.69 11.53 9.22 1.20
Standard Deviation 1.75 3.75 2.43 0.28
Sample Variance 3.05 14.07 5.89 0.08
Kurtosis 1.58 -0.07 -0.71 0.21
Skewness 1.12 0.65 -0.18 1.05
Range 8.07 15.22 9.21 1.06
Maximum 8.09 21.40 13.68 2.06
Minimum 0.02 6.19 4.47 1.01
Count 45 42 42 42

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 45 bedrock features at 41VV1342 were whole
enough to yield a complete depth measurement. Bedrock feature depths range from 0.02-
8.1 cm, have a mean of 2.9 cm and a standard deviation of 1.75 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.914; n=45; p=0.003), which is likely
due to the sharp drop off in frequencies after the most common depth range (Figure 6.21).
The most common depth are features between 2.0-3.0 cm in depth and the rest are spread

in low frequencies across a broad range of depths.
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Figure 6.21. 41VV 1342 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). Three of the 45 bedrock features were fractured, so
42 features were considered for the Axis-1 measurement. The maximum length of Axis-1
is 21.4 cm and the minimum length is 6.2 cm. The mean length for Axis-1 is 12.2 cm and
the standard deviation is 3.6 cm. The Shapiro-Wilk test for normality shows these data

are normally distributed (W=0.9563; n=42; p=0.108), although there are multiple peaks
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(Figure 6.22). The most common lengths for Axis-1 are 8.0-9.0 cm, 11.0-12.0 cm, and

12.0-13.0 cm.
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Figure 6.22. 41VV1342 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). Three of the 45 bedrock features were fractured, so

42 features were considered for the Axis-2 measurement. The maximum width measures

13.7 cm and the shortest width measurement is 4.5 cm. The mean length for Axis-2 is 9.4

cm and the standard deviation is 2.43 cm. The Shapiro-Wilk test for normality shows

these data are also normally distributed (W=0.9714; n=42; p=0.3673). The most common

width range is 8.0-9.0 cm with other small peaks occurring at 10.0-11.0 cm and 12.0-13.0

cm (Figure 6.23).
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Figure 6.23. 41VV1342 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value at
41VV1342 is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 2.1 cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A
Shapiro-Wilk test shows these data are not normally distributed (W=0.87561; n=42;
p=0.0003). The length-width ratio histogram (Figure 6.24) shows that a majority of the
features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly

sub-round opening.
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Figure 6.24. 41VV 1342 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV167 — Eagle Cave

41VV167 has a total of 38 bedrock features. The descriptive statistics for each

measurement are provided in Table 6.7 and each variable is discussed in more detail

below.

Table 6.7. Descriptive Statistics for 41VV167 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 3.00 13.86 11.14 1.28
Standard Error 0.50 0.74 0.64 0.05
Median 1.89 13.22 10.66 1.14
Standard Deviation 3.05 4.54 3.95 0.28
Sample Variance 9.33 20.64 15.62 0.08
Kurtosis 7.94 1.23 3.00 1.20
Skewness 2.64 0.77 1.21 1.24
Range 14.46 21.79 21.51 1.16
Maximum 15.01 27.78 25.06 2.16
Minimum 0.56 5.99 3.55 1.00
Count 38 38 38 38

" Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 38 bedrock features at 41VV167 were whole
and yielded a complete depth measurement. Bedrock feature depths range from 0.6-15.01
cm, have a mean of 3.0 cm and a standard deviation of 3.1 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.6932; n=38; p=1.28E-07), which is
likely due to the three outliers greater than 6.0 cm in depth (Figure 6.25). The most

common depth are features 1.0-2.0 cm deep.
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Figure 6.25. 41VV167 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). All 38 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 27.8 cm and the
minimum length is 6.0 cm. The mean length for Axis-1 is 13.9 cm and the standard
deviation is 4.5 cm. The Shapiro-Wilk test for normality shows these data are normally

distributed (W=0.9631; n=38; p=0.2397). The most common length for Axis-1 is

212



between 11.0-12.0 cm and the majority of the remaining features are spread relatively

evenly between 8.0-11.0 cm and 12.0-18.0 cm (Figure 6.26).
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Figure 6.26. 41VV167 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 38 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 25.1 cm and the shortest
width measurement is 3.6 cm. The mean length for Axis-2 is 11.1 cm and the standard
deviation is 3.95 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.9241; n=38; p=0.0131), which is likely due to the steep drop
off in frequency after the most common width and the extreme outlier at 25.0-26.0 cm
long (Figure 6.27). The most common width range is 11.0-12.0 cm with other small

peaks occurring at 8.0-10.0 cm.
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Figure 6.27. 41VV167 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value at 41VV167

is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 2.1

cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A Shapiro-Wilk test

shows these data are not normally distributed (W=0.8518; n=38; p=0.00014). The length-

width ratio histogram (Figure 6.28) shows that a majority of the features have a ratio

between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round opening.
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Figure 6.28. 41VV167 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV164 — Kelley Cave

41VV164 has a total of 27 bedrock features. The descriptive statistics for each
measurement are provided in Table 6.8 and each variable is discussed in more detail

below.

Table 6.8. Descriptive Statistics for 41VV164 Bedrock Features”.

Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 2.20 14.33 10.82 1.33
Standard Error 0.21 0.96 0.55 0.06
Median 2.18 13.86 10.70 1.24
Standard Deviation 1.08 5.01 2.88 0.31
Sample Variance 1.18 25.10 8.28 0.09
Kurtosis -0.97 1.31 0.21 3.51
Skewness 0.18 1.07 -0.05 1.62
Range 3.68 22.23 12.65 1.33
Maximum 4.09 28.72 16.78 2.35
Minimum 0.42 6.49 4.14 1.02
Count 27 27 27 27

" Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. All 27 bedrock features at 41VV164 were whole
and yielded a complete depth measurement. Bedrock feature depths range from 0.4-4.1
cm, have a mean of 2.2 cm and a standard deviation of 1.8 cm. A Shapiro-Wilk test
shows these data are normally distributed (W=0.9602; n=27; p=0.3733). Notably, this is
the only site with a normally distributed depth measurement, which means 41VV164 is
the only site that has no extreme depths and the features mostly cluster in the same depth
range. The most common feature depth ranged between 1.0-2.0 cm and the remainder of

the features are relatively evenly spread between 0.0-1.0 cm and 2.0-4.5 cm (Figure

6.29).
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Figure 6.29. 41VV164 bedrock feature depth histogram with measurement interval of 0.5 cm.
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Axis-1 Measurement (Length). All 27 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 28.8 cm and the
minimum length is 6.5 cm. The mean length for Axis-1 is 14.3 cm and the standard
deviation is 5.0 cm. The Shapiro-Wilk test for normality shows these data are normally
distributed (W=0.9285; n=27; p=0.0634). The data are bimodal and the most common

lengths for Axis-1 are between 11.0-12.0 and 15.0-16.0 cm (Figure 6.30).
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Figure 6.30. 41VV164 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 27 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 16.8 cm and the shortest
width measurement is 4.1 cm. The mean length for Axis-2 is 10.8 cm and the standard
deviation is 2.9 cm. The Shapiro-Wilk test for normality shows these data are also

normally distributed (W=0.9898; n=27; p=0.9934). These data are strongly unimodal and
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the distribution forms a bell curve (Figure 6.31). The most common width range is 10.0-

11.0 cm.
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Figure 6.31. 41VV 164 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.
Length-Width Ratio Measurement. The minimum length-width value at 41VV164
is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 2.4
cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.8499; n=27; p=0.00115). The length-
width ratio histogram (Figure 6.32) shows that a majority of the features have a ratio

between 1.0 cm and 1.25 cm which equates to a round or slightly sub-round opening.
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Figure 6.32. 41VV164 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV1284 — Running Deer

41VV1284 has a total of 23 bedrock features, the lowest amount of all the
rockshelters analyzed in this study. The descriptive statistics for each measurement are
provided in Table 6.9 and each variable is discussed in more detail below.

Table 6.9. Descriptive Statistics for 41VV 1284 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 3.02 13.95 12.09 1.17
Standard Error 0.51 0.88 0.79 0.02
Median 2.62 12.98 11.11 1.16
Standard Deviation 2.41 421 3.79 0.10
Sample Variance 5.83 17.74 14.36 0.01
Kurtosis 4.07 0.95 1.93 0.44
Skewness 1.71 1.26 1.41 0.77
Range 10.73 14.77 14.66 0.39
Maximum 10.74 23.90 21.79 1.43
Minimum 0.01 9.14 7.13 1.04
Count 22 23 23 23

" Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. At 41VV 1284, 22 of the 23 features were
measured for a completed depth measurement. Bedrock feature depths range from 0.01-
10.7 cm, have a mean of 3.0 cm and a standard deviation of 2.4 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.8615; n=22; p=0.006), which is
likely due to the one outlier with a depth 10.0-11.0 cm. The most common feature depth

ranged between 2.0-3.0 cm (Figure 6.33).
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Figure 6.33. 41VV1284 bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). All 23 bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 23.9 cm and the
minimum length is 9.1 cm. The mean length for Axis-1 is 13.6 cm and the standard
deviation is 4.2 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.856; n=23; p=0.004). The most common length for Axis-1 is

between 11.0-12.0 cm but there is also a small peak around 23.0-24.0 cm (Figure 6.34).
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Figure 6.34. 41VV1284 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 23 bedrock features were able to be measured
for the Axis-2 measurement. The maximum width measures 21.8 cm and the shortest
width measurement is 7.1 cm. The mean length for Axis-2 is 12.1 cm and the standard
deviation is 3.8 cm. The Shapiro-Wilk test for normality shows these data are not
normally distributed (W=0.8592; n=23; p=0.004). The most common width range is 12.0-

13.0 cm with another peak around 9.0-11.0 cm (Figure 6.35).

221



41VV1284 Axis 2 (Width)

Frequency
[==] — [ 3] [#5] e Lh
¢ T
9 I -
‘0 I
/
0"// I -
2 I
I — tn
/4 . -
¥
5 —
‘s . -
(]

Width Ranges (cm)

Figure 6.35. 41VV1284 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value at
41VV1284 is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 1.4 cm. The mean ratio is 1.2 cm and the standard deviation is 0.1 cm. A
Shapiro-Wilk test shows these data are normally distributed (W=0.9363; n=23;
p=0.1494). Interestingly, this is the only normally distributed length-with ratio data set.
This is likely because of the features are within 0.5 cm of one another (Figure 6.36) but
still the majority have a ratio between 1.0 cm and 1.25 cm which equates to a round or

slightly sub-round opening.
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Figure 6.36. 41VV1284 bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

41VV890

41VV890 has a total of four bedrock features, the lowest amount of all the sites
analyzed in this study. The descriptive statistics for each measurement are provided in
Table 6.10 and each variable is discussed in more detail below.

Table 6.10. Descriptive Statistics for 41VV890 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 2.80 19.64 14.70 1.30
Standard Error 0.37 4.26 2.56 0.09
Median 2.67 20.14 14.56 1.38
Standard Deviation 0.74 8.53 5.12 0.18
Sample Variance 0.54 72.72 26.22 0.03
Kurtosis -1.36 -3.59 -4.92 3.85
Skewness 0.72 -0.20 0.06 -1.95
Range 1.63 18.36 10.39 0.38
Maximum 3.74 28.31 20.02 1.41
Minimum 2.12 9.95 9.63 1.03
Count 4 4 4 4

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. At 41VV890, all four of the bedrock features
were measured for a completed depth measurement. Bedrock feature depths range from
2.1-3.7 cm, have a mean of 2.8 cm and a standard deviation of 0.7 cm. A Shapiro-Wilk
test for normality could not be applied to this small data set. All features were relatively

close in depth with two features between 2.0-3.0 cm and two between 3.0-4.0 cm (Figure

6.37).
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Figure 6.37. 41VV890 bedrock feature depth histogram with measurement interval of 0.5 cm.

Axis-1 Measurement (Length). All four bedrock features were able to be measured
for the Axis-1 measurement. The maximum length of Axis-1 is 28.3 cm and the
minimum length is 9.95 cm. The mean length for Axis-1 is 19.6 cm and the standard

deviation is 8.5 cm. A Shapiro-Wilk test for normality could not be applied to this small
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data set. The length measurements are evenly spread across different width ranges

(Figure 6.38).
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Figure 6.38. 41VV890 bedrock feature Axis-1 (length) histogram with measurement interval
of 1.0 cm.

Axis-2 Measurement (Width). All 4 bedrock features were able to be measured for
the Axis-2 measurement. The maximum width measures 20.2 cm and the shortest width
measurement is 9.6 cm. The mean length for Axis-2 is 14.7 cm and the standard deviation
is 5.1 cm. A Shapiro-Wilk test for normality could not be applied to this small data set.
Similar to length, the width measurements are also evenly spread across different width

ranges (Figure 6.39).
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41VV890 Axis 2 (Width)
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Figure 6.39. 41VV890 bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.
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Length-Width Ratio Measurement. The minimum length-width value at 41VV890
is 1.0 cm, which represents a circular opening, and the maximum length-width ratio is 1.4
cm. The mean ratio is 1.3 cm and the standard deviation is 0.2 cm. A Shapiro-Wilk test
for normality could not be applied to this small data set. Three of the four features are
slightly more ovoid with the length-width ratio measuring between 1.25-1.5 cm (Figure

6.40).
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Figure 6.40. 41VV890 bedrock feature length-width ratio histogram with measurement
interval of 0.25 cm.

Individual Sites: Summary and Comparison

The majority of the sites have relatively similar distributions of depth, length, width, and
length-width ratio measurements. Since the majority of these samples have a non-normal
distribution, SPSS was used to conduct a Kruskal-Wallis test for independent samples.
This analysis was applied to the all of the site data along with pair-wise comparisons.
These data are presented in tables for each of the measurements: depth, Axis-1, Axis-2,
and length-width ratio (Figures 6.41, 6.42, 6.43, and 6.44). The adjusted significance (p-
value) is reported for the pair-wise comparisons, which is considered a more conservative
significant value calculation. The significant values are presented in each of the matrices

and the highlighted values are lower than the critical value (p<0.05).
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For the depth measurement, the Kruskal-Wallis test showed there was a
significant difference in depth in the whole data set (H=18.615; df=9; p=.029). However,
most of the sites had no significant different in the distribution of depths (Figure 6.41).

The only exception is 41VV165 and 41VV2010 with a significant p-value of .009, which

is highly significant.
KW Test __75 124 164 165 166 167 890 1284 1342 2010
75 -
124 | 1.000 -
164 | 1.000  1.000 -
165 215 1.000  1.000

166 1.000 1.000 1.000 1.000 -

167 1.000 1.000 1.000 1.000 1.000 -

890 1.000 1.000 1.000 1.000 1.000 1.000 -

1284 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1342 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2010 1.000 1.000 1.000 .009 1.000 1.000 1.000 1.000 1.000

Figure 6.41. Significant values from post-hoc Kruskal-Wallis pair-wise comparisons for
depth measurements between sites.

In regards to the length and width measurements, the sites have some significant
variation within the overall data set: Axis-1 (H=24.456; df=9; p=.004) and Axis-2
(H=28.81; df=9; p=.001). While a few site combinations are statistically different at the
normal significance level, no sites are significantly different at the adjusted significance
level (Figure 6.42) For Axis-2,41VV166 and 41VV 1284 varied at a significant level of

031 (Figure 6.43).
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KW Test
75
124
164
165
166
167
890

1284
1342
2010

75 124 164 165 166 167 890 1284 1342 2010
1.000 -
1.000 1.000 -
1.000 1.000 1.000 -
.183 1.000 342 181 -
1.000 1.000 1.000 1.000 215 -
1.000 1.000 1.000 1.000 1.000 1.000 -
1.000 1.000 1.000 1.000 .902 1.000 1.000 -
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -

Figure 6.42. Significant values from post-hoc Kruskal-Wallis pair-wise comparisons for
Axis-1 measurements between sites.

KW Test
75
124
164
165
166
167
890

1284
1342
2010

75 124 164 165 166 167 890 1284 1342 2010
1.000 -
1.000 1.000 -
1.000 1.000 1.000 -
1.000 1.000 .580 .855 -
1.000 1.000 1.000 1.000 .506 -
1.000 1.000 1.000 1.000 .901 1.000 -
.074 .585 1.000 1.000 .031 1.000 1.000 -
1.000 1.000 1.000 1.000 1.000 1.000 1.000 .304 -
1.000 1.000 1.000 1.000 1.000 1.000 1.000 .187 1.000 -

Figure 6.43. Significant values from post-hoc Kruskal-Wallis pair-wise comparisons for
Axis-2 measurements between sites.

The length-width ratio measurements have significant variation (H=27.41; df=9;

p=-001) throughout the whole data set, however only one pair-wise comparison resulted

in significantly different length-width ratio measurement distributions (Figure 6.44).

41VV124 and 41VV75 are significantly different with a p-value of .017.
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KW Test 75 124 164 165 166 167 890 1284 1342 2010

75 -

124 .017

164 1.000 1.000 -

165 1.000 488 1.000 -

166 .168 1.000 1.000 1.000 -

167 1.000 1.000 1.000 1.000 1.000 -
890 1.000 1.000 1.000 1.000 1.000 1.000 -
1284 .833 1.000 1.000 1.000 1.000 1.000 1.000

1342 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2010 .164 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -

Figure 6.44. Significant values from post-hoc Kruskal-Wallis pair-wise comparisons for
length-width ratio measurements between sites.

Regional Sub-Groups Quantitative Distribution

The sites chosen for this study were spread out across the region in an attempt to
obtain a representative sample of bedrock feature variation. This section groups sites that
are in similar areas of the region together to compare bedrock features between different
sub-regions. The farthest west sites are in the Eagle Nest Canyon group, the sites in the
center of the region are in the Pecos River group, and the sites farthest east are in the
Devils River group. Although located in the center of the region, 41VV75 was left out of
the Pecos River group due to its large sample size that would overshadow the other two

sites.

Eagle Nest Canyon Group

The five sites included in the Eagle Nest Canyon group are 41VV164, 41VV 165,
41VV166, 41VV167, and 41VVE890. The descriptive statistics for each measurement are

provided in Table 6.11 and each variable is discussed in more detail below.
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Table 6.11. Descriptive Statistics for Eagle Nest Canyon Group Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 3.1 13.3 10.3 1.3
Standard Error 0.2 0.3 0.2 0.0
Median 2.1 12.4 9.8 1.2
Standard Deviation 4.0 54 34 0.3
Sample Variance 15.8 28.9 11.9 0.1
Kurtosis 17.3 2.4 1.2 2.0
Skewness 39 1.1 0.5 1.5
Range 29.4 34.6 23.2 1.4
Maximum 29.5 36.6 25.1 2.4
Minimum 0.0 2.0 1.9 1.0
Count 260 260 260 260

" Modes for each variable were not indicated due to lack of duplicated values.

Maximum Depth Measurement. In the Eagle Nest Canyon group, 260 bedrock
features were measured for a full depth value. Bedrock feature depths range from 0.0-
29.5 cm, have a mean of 3.1 cm and a standard deviation of 4.0 cm. A Shapiro-Wilk test
shows these data are not normally distributed (W=0.5332; n=260; p=0.0). The data are
heavily right-skewed with a series of deeper outliers (Figure 6.45). The most common

depth range in Eagle Nest Canyon is 1.0-2.0 cm.
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Figure 6.45. Eagle Nest Canyon bedrock feature depth histogram with measurement interval
of 1.0 cm.

Axis-1 Measurement (Length). Two hundred and sixty bedrock features were able
to be measured for the Axis-1 measurement. The maximum length of Axis-1 is 36.6 cm
and the minimum length is 2.0 cm. The mean length for Axis-1 is 13.3 cm and the
standard deviation is 5.4 cm. The Shapiro-Wilk test for normality shows these data are
not normally distributed (W=0.9355; n=260; p=3.07E-09). The most common length for
Axis-1 is 11.0-12.0 cm but there are other small peaks around 9.0-10.0 cm, 14.0-15.0 cm,

and 17.0-18.0 cm (Figure 6.46).
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Figure 6.46. Eagle Nest Canyon bedrock feature Axis-1 (length) histogram with measurement
interval of 1.0 cm.

Axis-2 Measurement (Width). Two hundred and sixty bedrock features were able
to be measured for the Axis-2 measurement. The maximum width measures 25.1 cm and
the shortest width measurement is 1.9 cm. The mean length for Axis-2 is 10.3 cm and the
standard deviation is 3.4 cm. The Shapiro-Wilk test for normality shows these data are
not normally distributed (W=0.89805; n=260; p=0.00125), likely because of the outlier in
the longest category. The most common width ranges are 8.0-9.0 cm and 9.0-10.0 cm

(Figure 6.47).
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Figure 6.47. Eagle Nest Canyon bedrock feature Axis-2 (width) histogram with measurement
interval of 1.0 cm.
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Length-Width Ratio Measurement. The minimum length-width value in Eagle
Nest Canyon is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 2.4 cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A
Shapiro-Wilk test shows these data are not normally distributed (W=0.84; n=260;
p=1.11E-15). The length-width ratio histogram (Figure 6.48) shows that a majority of the
features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly

sub-round opening.
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Figure 6.48. Eagle Nest Canyon bedrock feature length-width ratio
histogram with measurement interval of 0.25 cm.

Pecos River Group

The two sites included in the Pecos River group are 41VV124 and 41VV2010.
Although 41VV75 is located in the same vicinity, the large sample size would over
power any trends seen in the other sites. Therefore, 41VV75 will be considered alone and
compared against the other sub-groups. The descriptive statistics for each measurement

are provided in Table 6.12 and each variable is discussed in more detail below.

Table 6.12. Descriptive Statistics for Pecos River Group Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 4.5 12.2 9.8 1.3
Standard Error 0.6 0.4 0.3 0.0
Median 2.5 11.5 9.5 1.2
Standard Deviation 7.7 4.6 3.0 0.3
Sample Variance 59.1 21.0 8.9 0.1
Kurtosis 30.0 5.2 3.5 3.6
Skewness 5.2 1.7 1.2 1.9
Range 55.5 30.9 20.6 1.6
Maximum 56.0 34.8 24.3 2.6
Minimum 0.5 39 3.7 1.0
Count 141 141 141 141

" Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. In the Pecos River group, 141 bedrock features

were measured for a full depth value. Bedrock feature depths range from 0.5-56.0 cm,

have a mean of 4.5 cm and a standard deviation of 7.7 cm. A Shapiro-Wilk test shows

these data are not normally distributed (W=0.4068; n=141; p=0.0). The data are heavily

right-skewed with a series of deeper outliers (Figure 6.49). Similar to the sites in Eagle

Nest Canyon, the most common depth range in the Pecos River group is 1.0-2.0 cm.

Further, 41VV75 (Figure 6.1) also has 1.0-2.0 cm as the most common depth range. The

Pecos River group has three features that are at least 16 cm deeper than any feature in

Eagle Nest Canyon but it only has three features in the range of 12.0-25.0 cm while Eagle

Nest Canyon has 11 features in this range (Figure 6.45). The Pecos River group depth

range matches 41VV75’s depth range more closely.
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Figure 6.49. Pecos River bedrock feature depth histogram with measurement interval of 1.0 cm.
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Axis-1 Measurement (Length). One hundred and forty-one bedrock features were
able to be measured for the Axis-1 measurement. The maximum length of Axis-1 is 34.8
cm and the minimum length is 3.9 cm. The mean length for Axis-1is 12.2 cm and the
standard deviation is 4.6 cm. The Shapiro-Wilk test for normality shows these data are
not normally distributed (W=0.8901; n=141; p=8.51E-09). The most common length for
Axis-1 is 11.0-12.0 cm but there are other small peaks around 6.0-7.0 cm and 9.0-10.0
cm (Figure 6.50). The 11.0-12.0 cm range was also the most common length for Axis-1

at sites in Eagle Nest Canyon and while the most common length at 41VV75 is 13.0-14.0

cm (Figure 6.2).
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Figure 6.50. Pecos River bedrock feature Axis-1 (length) histogram with measurement
interval of 1.0 cm.
Axis-2 Measurement (Width). One hundred and forty-one bedrock features were
able to be measured for the Axis-2 measurement. The maximum width measures 24.3 cm

and the shortest width measurement is 3.7 cm. The mean length for Axis-2 is 9.8 cm and
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the standard deviation is 3.0 cm. The Shapiro-Wilk test for normality shows these data
are not normally distributed (W=0.9406; n=141; p=1.08E-05). Even though the majority
of the data are distributed in a bell curve, there is one outlier near 24.0-25.0 cm wide and
a frequency that increases rapidly in the shortest width ranges (Figure 6.51). The most
common width range is 9.0-10.0 cm, which is also the case for 41VV75 (tied with 8.0-9.0

cm) and the Eagle Nest Canyon group.
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Figure 6.51. Pecos River bedrock feature Axis-2 (width) histogram with measurement interval
of 1.0 cm.
Length-Width Ratio Measurement. The minimum length-width value in the Pecos
River Group is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 2.6 cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A
Shapiro-Wilk test shows these data are not normally distributed (W=0.7846; n=141;
p=4.03E-13). The length-width ratio histogram (Figure 6.52) shows that a majority of the

features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly
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sub-round opening which is similar for both 41VV75 and the features in the Eagle Nest

Canyon group.
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Figure 6.52. Pecos River bedrock feature length-width ratio histogram with
measurement interval of 0.25 cm.

Devils River Group

The two sites included in the Devils River group are 41VV1284 and 41VV1342.
The descriptive statistics for each measurement are provided in Table 6.13 and each

variable is discussed in more detail below.

Table 6.13. Descriptive Statistics for Devils River Group Bedrock Features”.

Depth (cm) Axis 1 (cm) Axis 2 (em) L/W Ratio

Mean 3.0 12.8 10.4 1.3
Standard Error 0.2 0.5 0.4 0.0
Median 2.7 11.9 10.2 1.2
Standard Deviation 2.0 4.0 32 0.2
Sample Variance 39 15.8 10.4 0.1
Kurtosis 2.9 0.6 3.2 1.9
Skewness 1.4 0.9 1.2 1.5
Range 10.7 17.7 17.3 1.1
Maximum 10.7 23.9 21.8 2.1
Minimum 0.0 6.2 4.5 1.0
Count 67 65 65 65

* Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. In the Devils River group, 67 bedrock features
were measured for a full depth value. Bedrock feature depths range from 0.0-10.7 cm,
have a mean of 3.0 cm and a standard deviation of 2.0 cm. A Shapiro-Wilk test shows
these data are not normally distributed (W=0.9011; n=67; p=6.13E-15). The data are
right-skewed with a steep drop off after the most common depth range (2.0-3.0 cm) and a
few outliers deeper than 7.0 cm (Figure 6.53). The most common bedrock feature depth
range is one centimeter greater than the other sub-regions discussed previously; however,

the features in the Devils River group are much shallower overall.

Devils River BRF Depth
30
25
25
20
5’
g
= 15 13
=
e
B 10 8
6 6 5
5
I e 1 1 1
0 i [ [ [
" > © ~ : 5 S
S NN NI N L
S
Depth Ranges (cm)

Figure 6.53. Devils River bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). Sixty-five bedrock features were able to be
measured for the Axis-1 measurement. The maximum length of Axis-1 is 23.9 cm and the
minimum length is 6.2 cm. The mean length for Axis-1 is 12.8 cm and the standard

deviation is 4.0 cm. The Shapiro-Wilk test for normality shows these data are not
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normally distributed (W=0.9402; n=65; p=0.004). The most common length for Axis-1 is
11.0-12.0 cm (Figure 6.54), which is also the case for both the Eagle Nest Canyon and

Pecos River groups.
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Figure 6.54. Devils River bedrock feature Axis-1 (length) histogram with measurement
interval of 1.0 cm.

Axis-2 Measurement (Width). Sixty-five bedrock features were able to be
measured for the Axis-2 measurement. The maximum width measures 21.8 cm and the
shortest width measurement is 4.5 cm. The mean length for Axis-2 is 10.4 cm and the
standard deviation is 3.2 cm. The Shapiro-Wilk test for normality shows these data are
not normally distributed (W=0.9156; n=65; p=0.0003). Three different width ranges are
tied for the most frequent occurrence: 8.0-9.0 cm, 10.0-11.0 cm, and 12.0-13.0 cm

(Figure 6.55). These peaks are around the same width as the previously discussed groups.
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Figure 6.55. Devils River bedrock feature Axis-2 (width) histogram with measurement
interval of 1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value in the Devils

River Group is 1.0 cm, which represents a circular opening, and the maximum length-
width ratio is 2.1 cm. The mean ratio is 1.3 cm and the standard deviation is 0.2 cm. A

Shapiro-Wilk test shows these data are not normally distributed (W=0.8307; n=65;

p=3.81E-07). The length-width ratio histogram (Figure 6.56) shows that a majority of the

features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly
sub-round opening which is similar for features in Eagle Nest Canyon, the Pecos River

group, and the 41VV75 group.
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Figure 6.56. Devils River bedrock feature length-width ratio histogram with measurement
interval of 0.25 cm.

Sub-Regional Groups: Summary and Comparison

Similar to comparing the sites against one another, a Kruskal-Wallis test for
independent samples was used for the entire data set and post-hoc pair-wise comparisons
for each sub-regional group. For the overall tests, significant variation was found for
depth (H=8.912; df=3; p=.030), Axis-2 (H=7.931; df=3; p=.047), and length-width ratio
(H=20.27; df=3; p=.0001). There was not significant variation found for the Axis-1
measurement (H=6.27; df=3; p=.099). As such, no post-hoc pair-wise comparisons were
completed for Axis-1. For depth, only the Pecos River group and the Eagle Nest Canyon
group differed significantly (Figure 6.57). With the adjusted significance levels, no
groups resulted in statistically varied Axis-2 measurement distributions (Figure 6.58).
Only one group, the Pecos River Group and 41VV75, significantly differed for the

length-width ratio (Figure 6.59).The significant values of the post-hoc tests are presented
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below in matrices with highlighted values indicating a significant difference in

distribution (p<0.05).

KW Test
Devils Group
Eagle Nest Canyon
Pecos Group
41VV75

Devils Group Eagle Nest Canyon Pecos Group 41VV75

0.523 -
1.000 0.031 -
1.000 0.541 0.81 -

Figure 6.57. Significant values from post-hoc Kruskal-Wallis pair-wise
comparisons for depth measurements between sub-regional groups.

KW Test
Devils Group
Eagle Nest Canyon
Pecos Group
41VV75

Devils Group Eagle Nest Canyon Pecos Group 41VV75

1.000 -
0.772 0.636 -
0.36 0.108 1.000 -

Figure 6.58. Significant values from post-hoc Kruskal-Wallis pair-wise
comparisons for Axis-2 measurements between sub-regional groups.

KW Test
Devils Group
Eagle Nest Canyon
Pecos Group
41VV75

Devils Group Eagle Nest Canyon Pecos Group 41VV75

1.000 -
1.000 0.21 -
0.157 0.075 0.000 -

Figure 6.59. Significant values from post-hoc Kruskal-Wallis pair-wise
comparisons for length-width ratio measurements between sub-regional

Regional Data Quantitative Distribution

Although the previous discussion has focused on comparing smaller analytical
units, one of the benefits of collecting a large sample is the ability to analyze general

patterns across the region. This section first characterizes the regional data through

244




descriptive statistics and histograms for each measurement variable. Then a cluster
analysis is conducted to reveal any morphological groups that may exist in the data set.
Caution must be taken with cluster analyses as resulting groups may not reflect actual
variation (Shennan 1988:197). To validate the clusters, a discriminant function analysis is
used to check the appropriate assignments of bedrock features to their corresponding
clusters (Shennan 1988:196). This method has been conducted on other archaeological
collections and has yielded excellent results (e.g., Kerr 2000). Finally, in light of the
discriminant function analysis, Kruskal-Wallis tests and non-parametric post-hoc pair-
wise comparisons are used to determine which variables are key characteristics for each

cluster and if the distributions significantly differ between the clusters.

Descriptive Statistics and Histograms

The regional data set includes 824 bedrock features from 10 sites. The descriptive
statistics for each measurement are provided in Table 6.14 and each variable is discussed

in more detail below.

Table 6.14. Descriptive Statistics for Regional Bedrock Features”.
Depth (¢cm) Axis 1 (em) Axis 2 (em) L/W Ratio

Mean 3.8 13.0 9.9 1.3
Standard Error 0.2 0.2 0.1 0.0
Median 2.3 12.2 9.6 1.2
Standard Deviation 6.4 4.8 3.1 0.3
Sample Variance 41.1 22.6 9.8 0.1
Kurtosis 42.3 2.7 2.2 2.9
Skewness 6.0 1.1 0.8 1.6
Range 58.0 34.6 23.2 2.3
Maximum 58.0 36.6 25.1 3.2
Minimum 0.0 2.0 1.9 1.0
Count 817 788 788 788

" Modes for each variable were not indicated due to lack of duplicated values.
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Maximum Depth Measurement. In the regional data set, 817 bedrock features
were measured for a full depth value. Bedrock feature depths range from 0.0-58.0 cm,
have a mean of 3.8 cm and a standard deviation of 6.41 cm. A Shapiro-Wilk test shows
these data are not normally distributed (W=0.3864; n=817; p=0.0). The data are strongly
right-skewed with a steep rise from 0.0-1.0 cm to 1.0-2.0 cm in depth (Figure 6.60). The

most common bedrock feature depth range is 1.0-2.0 cm.
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Figure 6.60. Regional bedrock feature depth histogram with measurement interval of 1.0 cm.

Axis-1 Measurement (Length). Seven hundred and eighty-eight bedrock features
were able to be measured for the Axis-1 measurement. The maximum length of Axis-1 is
36.6 cm and the minimum length is 2.0 cm. The mean length for Axis-1 is 13.0 cm and
the standard deviation is 4.8 cm. The Shapiro-Wilk test for normality shows these data

are not normally distributed (W=0.9414; n=817; p=0.0). The most common length for
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Axis-1is 11.0-12.0 cm (Figure 6.61), and the data are roughly in the shape of a bell curve

with a slight tail out to the right.
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Figure 6.61. Regional bedrock feature Axis-1 (length) histogram with measurement interval of
1.0 cm.

Axis-2 Measurement (Width). Seven hundred and eighty-eight bedrock features
were able to be measured for the Axis-2 measurement. The maximum width measures
25.1 cm and the shortest width measurement is 1.9 cm. The mean length for Axis-2 is 9.9
cm and the standard deviation is 3.1 cm. The Shapiro-Wilk test for normality shows these
data are not normally distributed (W=0.9654; n=817; p=1.06E-12). The most common
width range is 9.0-10.0 cm (Figure 6.62). These data are also roughly distributed in a bell

curve but they have a slight tail on the right hand side of the graph.
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Figure 6.62. Regional bedrock feature Axis-2 (width) histogram with measurement interval of

1.0 cm.

Length-Width Ratio Measurement. The minimum length-width value in the

regional data set is 1.0 cm, which represents a circular opening, and the maximum length-

width ratio is 3.2 cm. The mean ratio is 1.3 cm and the standard deviation is 0.3 cm. A

Shapiro-Wilk test shows these data are not normally distributed (W=0.8436; n=817,

p=0.0). The length-width ratio histogram (Figure 6.63) shows that over half of the

features have a ratio between 1.0 cm and 1.25 cm which equates to a round or slightly

sub-round opening.

248




Regional Length-Width Ratio
500
155 — 135
400
350
& 300
g
5 250
S 200 176
| =
= 150
93
100
46
50 I 26 0
2 1
. B = - 2 s
> N XL N g o L N 5
N B “ & S o o oY N
S 3 & . i Ry e o o5
Length-Width Ratio Ranges (cm)

Figure 6.63. Regional bedrock feature length-width ratio histogram with measurement
interval of 0.25 cm.

Regional Data Cluster Analysis

In order to systematically analyze the regional data set of bedrock features and
attempt to split them into independent groups, a cluster analysis was performed on 787
bedrock features. These features were chosen because they had all three measurements
used for the cluster analysis variables: depth, Axis-1 (length), and Axis-2 (width). SPSS
was used to conduct the analysis and the result is a dendrogram (Figure 6.64) revealing
broad patterns in the morphological variability of bedrock features. The cluster analysis

produced 4 groups and no outliers.
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ATVVUD/o_AU4Z L4
41Vv0890_A001 630
41vv0o8g90_AD02 631
$1VV0165_C026 477
41VV0165_D007 484
41vv1284 FOD2 650
41VV1284_HOD3 655
41vV0165_B050 451
41vv2010_6002 711
41vV0164_E0D2 393
41vv0167_B007 600

q

41VV0075_A009 9
41VV1284_HOD1 653
41VV0164_ADD4 377 Cluster 1

41VV0165_C014 465
41VV0167_A001 592
41VV0075_A034 34
41vV0075_Hoot 271
41vv0075_Koos 307
41VV0165_C013 464
41vv1342_A001  B57
41vv0o075_Jo12 299
41VV0166_E0D2 582 Cluster 2
41VV0166_A014 540
#a1vvo1es_coor 552
41vVo166_A007 533
$1vvo166_E011T 591
41VV0075_Jo02 292
41VV0166_A009 535
41vvo124_B014 339
41VV0165_B037 38
4VV0165_C003 454 Cluster 3
41VV0075_A026 26
41vvo124_ poot 372
41vV0167_D0D1 616
41VV2010_J001 751
41vvoo75_coos 132
41VV0075_E051

Cluster 4

il

41Vv0075_E025 167
41VV0075_E040 181
41VV0075_HoDB 278
41VV0124_AD01 322
41VvV0124_B023 348
41V/V0124_B003 28

Figure 6.64. Cluster analysis dendrogram of Lower Pecos bedrock features. See Table App
C.1 for feature numbers in each cluster.
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Cluster 1 is the largest group (n=764) and creates the majority of the dendrogram.
There are four smaller groups that comprise Cluster 1 that meet up at a very close level to
the original specimens, indicating the variation is not as great between the groups. Cluster
2 (n=9) is located directly beneath Cluster 1 and joins the previous group at a secondary
level. Cluster 3 (n=6) is related to the previous two clusters in a similar way and is
comprised of two separate smaller groups. The final group located at the bottom of the
dendrogram, Cluster 4 (n=8), is located furthest away from the other groups on its own
clade and is comprised of two smaller groups. Due to the size of the dendrogram, an inset
is provided in Figure 6.64 of the bottom three clusters with everything above belonging
in Cluster 1. Appendix C provides a table of feature numbers in each cluster (Table App

C.1).

Table 6.15 provides the coefficient of variation value for each of the
measurements, which shows the variability of each variable within each group. Average
sample variation is also provided to show how variable each cluster is as a whole.
Extremely high variable measurements are highlighted in yellow and low variability
values are outlined with a black line and have a green background. These low values help

show which measurement is the most characteristic variable for each cluster.

Table 6.15. Coefficient of Variation for each Metric Variable.

Depth Axis1 Axis2 LW Y X
Cluster 1 85.7 34.6 29.9 23.1 173.3 43.33
Clusteer 12.7 18.1 14.3 | 16.7 61.8 15.45
Cluster3  83.1 9.9 322 40.0 165.2 41.30
Cluster4| 13.8 23.8 22.9 60.6 20.18
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Cluster 1 (Table 6.16) consists of bedrock feature with a fairly wide range of
depth, Axis-1, Axis-2, and length-width measurements. This cluster is the most variable
of all the groups as a whole (Table 6.15). The other clusters have at least one readily
recognizable variable with low variability that can be used to characterize the group but
Cluster 1 appears to be an amalgamation of highly variable features. Cluster 1 bedrock
feature depths range from 0.0-18.6 cm, have a mean of 2.8 cm and, a standard deviation
of 2.4 cm. Axis-1 measurements range from 2.0-29.2 cm in length and Axis-2
measurements range from 1.9-21.8 cm wide. The length-width ratio is also varied with
measurements ranging from 1.0-2.5 cm, representing circular, extremely ovoid features,

and shapes in-between.

Cluster 2 (Table 6.17) consists of features that are definitively deeper than the
majority of the features with a minimum depth measurement of 21.4 cm and a maximum
0f 29.5 cm. Cluster 2 has much smaller ranges of Axis-1 and Axis-2 measurements than
Cluster 1. The maximum length of Axis-1 is 23.6 cm and the minimum length is 14.6 cm.
The maximum width of Axis-2 is 17.7 cm and the minimum width is 10.3 cm. The
length-width ratio is also slightly more restricted with a range of 1.0-1.7 cm. Table 6.15
shows that depth and Axis-2 have low variability and help define the cluster. This group

also has the lowest overall variability of all four clusters.
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Table 6.16. Descriptive Statistics for Cluster 1 Bedrock Features”.

Depth (cm) Axis 1 (cm) Axis 2 (ecm) LW Ratio

Mean 2.8 12.7 9.7 1.3
Standard Error 0.1 0.2 0.1 0.0
Median 2.2 12.1 9.5 1.2
Standard Deviation 2.4 4.4 2.9 0.3
Sample Variance 5.6 19.1 8.3 0.1
Kurtosis 10.8 1.1 1.1 1.4
Skewness 2.8 0.8 0.4 1.3
Range 18.6 27.3 19.9 1.6
Maximum 18.6 29.2 21.8 2.5
Minimum 0.0 2.0 1.9 1.0
Count 764 764 764 764

* Modes for each variable were not indicated due to lack of duplicated values.

Table 6.17. Descriptive Statistics for Cluster 2 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (ecm) L/W Ratio

Mean 24.4 17.1 14.0 1.2
Standard Error 1.0 1.0 0.7 0.1
Median 22.9 15.6 14.1 1.1
Standard Deviation 3.1 3.1 2.0 0.2
Sample Variance 9.9 9.3 3.8 0.1
Kurtosis -0.4 1.5 2.6 0.6
Skewness 1.0 1.5 0.0 1.2
Range 8.1 9.0 7.4 0.7
Maximum 29.5 23.6 17.7 1.7
Minimum 21.4 14.6 10.3 1.0
Count 9 9 9 9

" Modes for each variable were not indicated due to lack of duplicated values.

Cluster 3 appears to be largely determined by the Axis-1 length (Table 6.15). All
of the features included in this group have extremely long length measurements,
occasionally accompanied by long width measurements, but not always. The maximum

Axis-1 measurement is 36.6 cm and the minimum is 27.8 cm (Table 6.18). The maximum
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Axis-2 width is 25.1 cm while the minimum 10.3 cm. These values are somewhat
equivalent with other clusters. The depth values are also fairly variable with the minimum
depth measurement at 1.1 cm and the maximum at 15.0 cm. Cluster 3 has the widest

range of length-width ratios at 1.1-3.2 cm.

Cluster 4 (Table 6.19) is a group that is located furthest away from all three other
clusters. The determining factor for this cluster are the depth values for each of the
bedrock features (Table 6.15) and it also has a lower overall variability measurement.
The minimum depth measurement is 41.0 cm and the maximum depth is 58.0 cm. The
Axis-1 and Axis-2 measurement ranges are similar to other clusters with a range of 12.0-
25.0 cm for Axis-1 and 11.5-23.4 cm for Axis-2. The length-width ratio is very restricted
with a range of 1.0-1.1 cm, meaning all of these deep features have almost perfectly

circular openings.

Table 6.18. Descriptive Statistics for Cluster 3 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 5.9 33.3 18.0 2.0
Standard Error 2.0 1.3 2.4 0.3
Median 4.3 34.1 17.2 2.1
Standard Deviation 4.9 33 5.8 0.8
Sample Variance 23.6 10.6 342 0.7
Kurtosis 3.2 0.5 -1.5 -0.8
Skewness 1.7 -1.0 0.1 0.2
Range 13.9 8.8 14.8 2.1
Maximum 15.0 36.6 25.1 3.2
Minimum 1.1 27.8 10.3 1.1
Count 6 6 6 6

" Modes for each variable were not indicated due to lack of duplicated values.
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Table 6.19. Descriptive Statistics for Cluster 4 Bedrock Features”.
Depth (cm) Axis 1 (cm) Axis 2 (cm) L/W Ratio

Mean 51.3 18.9 17.9 1.1
Standard Error 2.5 1.6 1.5 0.0
Median 53.5 19.9 18.6 1.1
Standard Deviation 7.1 4.5 4.1 0.0
Sample Variance 50.1 20.0 17.1 0.0
Kurtosis -1.4 -1.2 -1.3 -1.7
Skewness -0.6 -0.3 -0.3 0.0
Range 17.0 13.0 11.9 0.1
Maximum 58.0 25.0 23.4 1.1
Minimum 41.0 12.0 11.5 1.0
Count 8 8 8 8

* Modes for each variable were not indicated due to lack of duplicated values.

Discriminant Function Analysis

SPSS was used to run a discriminant function analysis with the same 787 bedrock
features used in the cluster analysis. As mentioned previously, this test is beneficial for
testing the cluster analysis results to see if the groups indicated have value. Since the
cluster analysis found four major groups, the discriminant function analysis was
calculated using those four groupings as a priori groups. The discriminant function test
resulted in 766 hits and 21 misses, or approximately 97% correctly classified and 3%
misclassified when compared to the cluster analysis groupings. The majority of the
misclassified features came from Cluster 1 and were either identified as belonging to
Cluster 2 or 3 (Table 6.20). Further, one bedrock feature originally from Cluster 3 was

misclassified as matching requirements for Cluster 1.
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Table 6.20. Misclassified Bedrock Features from Discriminant Function Analysis.

Original Reassigned Depth Axis1  Axis 2 LW

Cluster Cluster (cm) (cm) (cm) Ratio Feature ID
3 1 15.0 27.8 25.1 1.1 41VV0167_DO001
1 2 15.6 13.6 13.3 1.0 41VV0166_E001
1 2 14.9 13.6 12.5 1.1 41VV0166_E003
1 2 16.4 15.3 15.1 1.0 41VVv0124 _C005
1 2 18.6 15.0 14.3 1.0 41VV0165_E007
1 2 18.0 17.4 16.0 1.1 41VV0075_E092
1 3 3.2 23.8 11.9 2.0 41VV0075_A067
1 3 3.6 23.0 12.2 1.9 41VVv2010 JOo11
1 3 1.1 23.6 11.6 2.0 41VVv2010_GO012
1 3 2.7 29.2 12.3 2.4 41VV0075_M4001
1 3 1.7 28.7 12.2 2.4 41VV0164 _E006
1 3 34 29.0 13.3 2.2 41VV0165_C002
1 3 5.3 26.8 12.0 2.2 41VV0075_E001
1 3 3.6 26.0 10.8 2.4 41VV0165 E015
1 3 4.2 26.1 13.0 2.0 41VV0075_A048
1 3 39 26.7 14.2 1.9 41VV0165_CO017
1 3 3.1 27.4 13.0 2.1 41VV0165_C020
1 3 2.0 25.4 12.6 2.0 41VV0075_A042
1 3 2.3 28.3 20.0 1.4 41VV0890 A002
1 3 3.6 23.0 13.9 1.7 41VV0075_A034
1 3 7.0 25.4 14.0 1.8 41VV0165 CO013

It is not surprising that Cluster 1 had the majority of misclassified features
because that group had the broadest range of variation for all four measurements (Table
6.15). As seen in Figure 6.65, the features misclassified as belonging to Cluster 2 are the
five deepest features in Cluster 1. This not only shows these two clusters overlap to some
extend on the outer edges, but it also demonstrates that depth is a major factor in the
creation of Cluster 2. While this chart also shows that the deepest features grouped in
Cluster 4, are typically circular at the opening, the second deepest group, grouped in

Cluster 2, has more variability in the opening shape.
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The other large misclassification consisted of 15 features that were originally in
Cluster 1 but were placed in Cluster 3 by the discriminant function analysis. This
misclassification can be better understood by looking at the Axis-1 measurements (Figure
6.66). Cluster 3 is driven by abnormally long Axis-1 lengths and the misclassified
features are grouped together on the far right end of the Cluster 1 features. In addition to
showing how Cluster 3 is separated from the rest of the features, Figure 6.65 illustrates
similar patterns with overlapping length and width measurements for bedrock features in
Clusters 1, 2, and 4. One might expect that feature opening size would increase with
depth but this supposition does not appear to be supported. It should also be noted that
since the most distinctive characteristic of Axis-1 is the longer of the two axes, no feature
points should be located on the left side of the dotted line running diagonally across the
graph. This line also gives an indication of length-width ratio (e.g., opening shape).
Features closer to the line have more equal Axis-1 and Axis-2 measurements and are
more circular at the opening. In light of this, re-examination of the Cluster 1 features that
were misclassified as Cluster 3 show they are all relatively far away from the equal Axis

line. This could also be contributing to their misclassification as Cluster 3 features.

The final misclassification, one feature originally put in Cluster 3 that was
identified as Cluster 1 by the discriminant function analysis, is slightly more anomalous
and unclear. The Axis-1 length for this feature is shorter than the original Cluster 3
features but is equal or greater than 11 of the newly classified Cluster 3 features that were
discussed above. This feature is slightly deeper than the other original Cluster 3 features
(Figure 6.65) and it also is located closer to the equal Axis measurement line, indicating

the opening shape is more circular (Figure 6.66).
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Kruskal-Wallis and Post-hoc Tests

Although the previous analyses and graphics give a good sense of how the data
are distributed, there are varying amounts of overlap that were highlighted by the
misclassifications of the discriminant function analysis. In order to determine which
variables are key attributes for each cluster, a Kruskal-Wallis test and multiple post-hoc
pair-wise comparisons were conducted in SPSS. Non-parametric tests were chosen based
on the non-normal distributions of some clusters. The Kruskal-Wallis test resulted in
highly significant differences between the groups for each measurement (Table 6.21),
which was not surprising based on the visual examination of clusters in the scatter plots

and the high success rate of the discriminate function analysis.

Table 6.21. Kruskal-Wallis Results for each Metric Variable.
Depth Axis1 Axis2 LW Ratio

H-stat 54313 39.672 47.459 15.484
df 3 3 3 3
p-value 0.000  0.000  0.000 0.001

Since there was variation between all of the groups, post-hoc Kruskal-Wallis pair-
wise comparisons were conducted to find which clusters differed for each measurement.
The results of these tests are shown below in matrices with adjusted p-values presented.
Once again, highlighted values indicate groups with distributions that vary significantly
from one another (p<0.05). P-values that are not highlighted indicate that the clusters are

relatively similar in regard to the chosen variable.
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Maximum Depth Measurement. There are two groups (Cluster 1 and 2, and
Cluster 1 and 4) that significantly differ in depth measurements (Figure 6.67). All other

combinations do not have significantly different depth distributions.

KW Test 1 2 3 4
1 -
2 0.000 -
3 0.207 0.632 -
4 0.000 1.000 0.594 -

Figure 6.67. Significant values from post-hoc Kruskal-Wallis
pair-wise comparisons for depth measurements between clusters.

Axis-1 Measurement. Three groups have significantly different Axis-1
measurement distributions (Figure 6.68). Cluster 1 is in all three of these groups and
differs from each of the other clusters. This is likely due to the huge variation of length

measurements in Cluster 1.

KW Test 1 2 3 4
1 -
2 0.006 -
3 0.000 1.000 -
4 0.005 1.000 1.000 -

Figure 6.68. Significant values from post-hoc Kruskal-
Wallis pair-wise comparisons for Axis-1 measurements
between clusters.

Axis-2 Measurement. In this test, three group combinations resulted in
significantly different measurement distributions. Again, Cluster 1 is significantly
different than all other three clusters (Figure 6.69). These differences are likely due to the

extreme values of Cluster 1 in the shortest width ranges. Overall, however, the width
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measurements are less variable across the clusters and most of the groups have

statistically similar width distributions.

KW Test 1 2 3 4
1 -
2 0.000 -
3 0.003 1.000 -
4 0.000 1.000 1.000 -

Figure 6.69. Significant values from post-hoc Kruskal-
Wallis pair-wise comparisons for Axis-2 measurements
between clusters.

Length-Width Ratio Measurement. Length-width ratio distributions are relatively
similar measurement across all of the groups. The only groups to significantly differ are
Cluster 1 and 4 and Cluster 3 and 4 (Figure 6.70). These groups likely differ because of
the wide range of length-width ratios in Cluster 1 and Cluster 3, while Cluster 4 has a

very limited range.

KW Test 1 2 3 4
1 -
2 1.000 -
3 0.115 0.145 -
4 0.013 0.456 0.001 -

Figure 6.70. Significant values from post-hoc Kruskal-
Wallis pair-wise comparisons for length-width ratio
measurements between clusters.

Summary of Quantitative Analyses

The previous analyses provide a variety of information about the morphological
variation of bedrock features across the Lower Pecos. At the site level, there is not much

significant variation in measurement distributions which could have implications for the
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types of grinding/pounding activities occurring in these sites. At the sub-regional level,
there also does not appear to be great differences in bedrock features measurements. The
exception to this is 41VV75, which is an impressive and special data set in many ways. In
the full regional data set, there appear to be at least four clusters of “distinctive types” of
bedrock features. The validity of these clusters were tested with a discriminant function
analysis and then compared individually for each measurement to determine where the
differences occurred. The following chapter will provide a discussion about the
morphological variation of bedrock features in light of spatial patterning of morphologies
across the region, use-wear, bedrock features theories of manufacture and development,

and ethnographic accounts.
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VII. LOWER PECOS BEDROCK FEATURE VARIATION: DISCUSSION AND

HYPOTHESES

As shown in the previous chapter, there is a fair amount of variation in the
documented bedrock feature morphology, but this variation seems to be distributed
relatively evenly across the region. Kruskal-Wallis tests showed no significant difference
in the morphological distribution between sites or sub-regions. The cluster analysis
identified four groupings of features that were found to be significantly different overall.
The largest group (Cluster 1) encompassed a large range of depth, length, and width
measurements, and likely represents a feature type that was multi-purpose in function.
The other three clusters are much smaller in size, and signify that these features were
more specialized and likely had specific uses tied to their morphology. This chapter
attempts to interpret the morphological variation of bedrock features through multiple
lines of evidence, including: 1) examining cluster patterning across space, both between
and within sites; 2) characterizing the use-wear patterns of each cluster; 3) considering
the development or manufacture of these features and the implications about how the
technology was used; and 4) comparing the morphological clusters to the ethnographic

information reviewed in Chapter 3.

Spatial Patterning of Bedrock Feature Clusters

Although there are no significant differences detected between the overall

morphological distribution of features between the sites or sub-regions in my limited
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sample, the distribution of clusters across my studied sites has not yet been explored.
Unsurprisingly, all ten sites have features that are included in the Cluster 1 group. In fact,
four of ten sites have only features that fall into Cluster 1 (Table 7.1). The other three
clusters are more restricted in their distributions. Cluster 2 occurs at three sites, Cluster 3
occurs at five sites, and Cluster 4 only occurs at two sites. These data suggest that across
the region, the majority of the food-processing that occurred could be completed in a
non-specialized, Cluster 1-type feature. This could be due to the relatively small amounts
of food being processed in most features or to the predominance of certain foods that did
not need a specialized surface. Since Cluster 1 is so variable and widespread across all
sites, the following discussion will focus on how the “specialty” features (Clusters 2, 3,

and 4) are distributed.

Table 7.1. Cluster Distributions across Study Sites.

Cluster 1 Cluster 2 Cluster 3 Cluster 4

41VV75 X X X X
41VV124 X X X X
41VV164 X
41VV165 X X
41VV166 X X
41VV167 X X
41VV890 X
41VV1284 X
41VV1342 X
41VV2010 X X

Cluster 2 occurs at 41VV75 (n=2), 41VV124 (n=1), and 41VV166 (n=6). At
41VV75, both Cluster 2 features occur in Area J in relatively close proximity to one
another (Figure 5.92). One of these features (J012) has an associated feature (JO11) that

shares a rim with it, and was likely used in tandem. At 41VV 124, the Cluster 2 feature
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(B014) occurs in Area B (Figure 5.152). BO14 does not have any features immediately
adjacent (sharing a rim), but it is located at the western end of a small feature cluster. At
41VV 166, there are six total Cluster 2 features, located in Areas A, C, and E (A007,
A009, A014, C001, E002, and EO11) (Figures 5.39, 5.43, and 5.47). A007 and A009 are
next to each other, and each one has a feature they share a rim with. A014 is
approximately 30 cm away from the other two, and has an elongated rim extending out
towards the east. C002 has a few small features surrounding it, but none connected to it.
E002 and EO11 are located approximately 30 cm apart. E002 has a small feature

immediately adjacent to it, although they are not connected.

At each site that Cluster 2 features occur, many have an extended rim or other
features they share a rim with. It is likely these shallower, adjacent areas/features were
used in conjunction with the processing activity occurring in the deeper features. One
scenario is that once meal was sufficiently pounded in the deeper feature, material was
removed and placed onto the surrounding, extended rim or adjacent feature for further
processing. Or vice versa, nuts or pods were placed on the shallow surface to crack away
the hull and the meat was pushed into the deeper, adjacent feature for pulverizing.
Interestingly, seven of eight features are conical in profile shape, while the remaining
feature is straight walled. This suggests Cluster 2 features were used with a rotary motion
with the bottom of the pestle stationary at the bottom of the feature or a straight up and
down pounding motion. Either one of these motions could result in a conical feature, but

rotary motions were not likely used in straight-walled features.

Cluster 3 features occur at 41VV75 (n=1),41VV124 (n=1), 41VV165 (n=2),

41VV167 (n=1), and 41VV2010 (n=1). At 41VV75, the Cluster 3 feature (A026) is
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located on the southern end of Area A (Figure 5.73). A026 is a shallow feature with a
long working surface extending away from the main concavity, and another feature
(A025) immediately next to it. The Cluster 3 feature at 41VV124 (D001) is located in
Area D, directly beneath the rock art panel (Figure 5.156). The closest feature to D001 is
approximately 50 cm away. At 41VV165, the Cluster 3 bedrock features (B037 and
C003) are located in Areas B and C (Figures 5.22 and 5.24). B037 has an elongated,
gradient rim, and is surrounded by multiple smaller features. C003 also has a gradient,
gentle rim, and smaller features surrounding it. At 41VV167, the Cluster 3 feature (D001)
is located in Area D (Figure 5.59), and is an isolated feature in the canyon bottom. At
41VV2010, the Cluster 3 feature (JOO1) is located in Area J (Figure 5.137). JOO1 has an
extended, gradient rim, and has shallower features immediately adjacent to it. The
majority of features in Cluster 3 are elliptical in shape, and have gradient, gentle rims. A
long Axis-1 measurement is the most characteristic attribute for features in Cluster 3
(creating an elliptical opening). All of the features included in Cluster 3 have the largest
recorded openings in the entire data set, and most are relatively shallow. These wide,
shallow areas would allow for broad, forceful strokes—useful for a variety of processing

activities.

Cluster 4 features occur at 41VV75 (n=5) and 41VV 124 (n=3). It should be noted
that all four clusters are present at each site (Table 7.1). At 41VV75 the Cluster 4 features
(C008, E025, E040, EO51, and HOOS) are located in Areas C, E, and H (Figures 5.77,
5.81, and 5.88). C008 has a few small features nearby, but none immediately next to it.
E025, E040, and E051 are located on the southeastern side of Area E, and are relatively

close to one another. None of these features have elongated rims or other features sharing
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a rim with them. However, there are numerous smaller features surrounding the Cluster 4
features at 41VV75 that could have been used in tandem with the deep features.
Similarly, HOO8 does not have any features connected to it, but there are numerous
smaller features in the immediate vicinity. At 41VV124 the Cluster 4 features occur in
Areas A and B (A001, B003, and B023) (Figures 5.149 and 5.152). A0O1 is unique
because the feature extends completely through a large boulder. There are a series of
smaller features surrounding the opening of A0O1, but detailed documentation of the
feature opening was difficult because the boulder is upside down and hard to access.
B003 and B023 are both located on the floor of the shelter towards the rear wall, but they

are relatively isolated from any other bedrock features.

It is interesting that most Cluster 4 features do not have any connected features.
This lack of direct association contrasts to the deeper features in Cluster 2, which
typically have connected features. Further, Cluster 4 was the most isolated in the
dendrogram (Figure 6.64), and is completely different than any of the other clusters
across all variables. All of the Cluster 4 features have a minimum depth of 41 cm, but due
to the depth of the features and the presence of sediments, I could not determine the
actual depth of several of these features. In terms of use, the Cluster 4 features are so
deep that it is difficult to reach the bottom, let alone trying to remove pounded material.
In contrast to the conical profiles of Cluster 2 features, all Cluster 4 features are straight
walled, suggesting intentional manufacture or maintenance of this specific shape. All of
these previous observations indicate that Cluster 4 features are highly specialized, with a

different overall function that may not relate to classic food processing/pounding
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activities. Potential functional interpretations of these features are presented later in this

chapter.

Summary of Bedrock Feature Cluster Patterning and Distribution

Cluster 1 is spread across the region in a variety of configurations, ranging from
isolated features to multiple features sharing rims. I did not attempt to interpret the spatial
distribution of Cluster 1 features because the sample size is large and all four
measurements are highly variable. However, a more detailed analysis of Cluster 1 should
be pursued with future research. Cluster 2 feature distribution is more restricted, only
located at three sites. These deep features typically have smaller features in direct
association, possibly indicating they were used in tandem. Cluster 3 features are located
at four sites in the region, and are characterized as having the largest orifice of all the
groups, and were likely utilized with broad reciprocal, or circular strokes. Features that
are part of the most distinct group, Cluster 4, are only present at two sites. These features
likely had specialized functions that may not relate to the typical activities (e.g., grinding

or pounding) associated with bedrock features.

Interpretations of Bedrock Feature Variation and Function

This section explores three avenues for interpreting how the bedrock feature
cluster types may have been used. First, I analyze use-wear characteristics to determine if
there are macroscopic wear patterns within each cluster, which might indicate what types
of materials were processed. Second, using the observed use-wear patterns, I discuss the

theoretical ideas and implications regarding development vs. manufacture theory in the
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formation of bedrock features. Finally, I provide hypotheses regarding bedrock feature

function using the ethnographic accounts discussed in Chapter 3.

Use-wear Characteristics for Bedrock Feature Clusters

As detailed in previous chapters, I documented use-wear attributes for hundreds
of individual bedrock features. I recorded the macroscopic use-wear patterns for the rim,
walls, and base of each feature. The methods for recording use-wear are discussed in
Chapter 4. Definitions of use-wear characteristics are presented in Appendix A (Table
App A.2). Below, I only characterize the most prominent use-wear patterns for the rims,

walls, and base within each cluster.

Cluster 1 Use-wear Patterns. Use-wear analyses were conducted on 439 of the
764 features in the Cluster 1 group. Cluster 1 use-wear attributes are presented in Table

7.2 for rims, Table 7.3 for walls, and Table 7.4 for feature bases.

Table 7.2. Cluster 1 Rim Use-wear Patterns.

Rim Use-Wear | Frequency | Percentages
Rounded 260 59%
Gradual and 0
Rounded 36 8%
Gradual 84 19%
Rugged 34 8%
Abrupt 16 4%
Fractured 4 1%
No Data/ o
Obscured . 1%
Total 439 100%
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Table 7.3. Cluster 1 Wall Use-wear Patterns.

Wall Use-Wear Frequency | Percentages
Rugged 49 11%
Rugged with High Points o
Leveled 145 33%
Rugged with High Points 41 99
Leveled and Rounded
Rugged with Rounded 79 18%
Bumps
Mostly Leveled with o
Rounded Bumps 77 18%
Completely Leveled 43 10%
No Data/Obscured 5 1%
Total 439 100%

Table 7.4. Cluster 1 Base Use-wear Patterns.

Base Use-Wear |Frequency|Percentages
Rugged 64 15%
Rugged with High o
Points Leveled 12 26%
Rugged with High
Points Leveled and 42 10%
Rounded
Rugged with o
Rounded Bumps 70 16%
Mostly Leveled with o
Rounded Bumps 67 15%
Completely Leveled 56 13%
Broken Through 3 1%
Central Peck 10 2%
Irregular 1 0%
No Data/Obscured 14 3%
Total 439 100%
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The most common rim shape for features in Cluster 1 is a gently rounded rim
(59%). This suggests that once the feature concavities were created, subsequent motions
did not re-shape the rims. In other words, the processing of the meal/ground material was
mainly confined to the feature interior. The rounding of the rim likely resulted from
processed materials moving over the rim surface, possibly during collection of finished
product. In contrast, 19% of the features had gradual rims that grade gently into the
surrounding unmodified bedrock. This pattern suggests that processing of the
meal/ground material was not confined to the interior of the features, and materials were
processed onto and over the rim repeatedly, resulting in a smoothed rim. It is possible
these types of features were used during a final stage in the processing activities that
allowed for easy collection of the ground materials via the gently sloped rim. It should
also be noted that 8% of the Cluster 1 features have rims that are rounded in some parts
and gradual in others. Said differently, there are not uniform use-wear patterns for Cluster

1 rims.

The most common use-wear pattern found on the walls of Cluster 1 features is
rugged with leveled high points (33%), suggesting the area was first pecked to roughen
the surface, and then uneven high points were leveled to the same elevation through use.
This wear pattern could have resulted from significant amounts of stone on stone contact
(e.g., during fiber extraction), or if the processed material was hard in nature (e.g., seeds).
Another common Cluster 1 use-wear pattern was rugged walls with rounded high points
(18%). In these instances, the surfaces were initially pecked, and then some sort of “soft”
material was processed that smoothed the highs and lows of the peck marks. As the

substance moved across the surface and around the high points, the surfaces became
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rounded. Softer materials potentially include a variety of plants (e.g., baked agave or
sotol, nut meats, fruits) and animal tissue. Another equally common use-wear pattern for
feature walls in Cluster 1 is a mostly leveled surface with some rounded high points
(18%). The rounded high points are remnants of the original pecking (i.e., roughening) of
the feature, but due to the heavy utilization of the surface these have been nearly
flattened. The surface leveling occurs with stone on stone contact, or more abrasive

agents (e.g., ochre or hard seeds) being processed.

In regards to the use-wear patterns on feature bases in Cluster 1, the most
common attribute was a rugged surface with leveled high points (26%). Since a majority
of the features in Cluster 1 are relatively shallow, it is not surprising the dominant use-
wear pattern is the same for both the walls and the bases. In very shallow features the
walls and the base are fairly continuous, and is becomes difficult to differentiate these
two parts of the feature. Also similar to the Cluster 1 feature walls, the second most
common use-wear pattern is rugged surfaces with rounded high points (16%). Not far
behind are surfaces that are completely rugged/pecked (15%) and mostly leveled surfaces

with rounded bumps (15%).

Cluster 2 Use-wear Patterns. Use-wear analyses were conducted on eight of the
nine bedrock features in the Cluster 2 group. These attributes are presented in Table 7.5

for rims, Table 7.6 for walls, and Table 7.7 for feature bases.

Table 7.5. Cluster 2 Rim Use-wear Patterns.

Rim Use-Wear| Frequency | Percentages
Rounded 5 63%
Abrupt 3 38%
Total 8 100%
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Table 7.6. Cluster 2 Wall Use-wear Patterns.

Wall Use-Wear Frequency | Percentages
Rugged, High Points o
Leveled and Rounded ! 12.5%
Mostly Leveled with
6 759
Rounded Bumps o
Completely Leveled 1 12.5%
Total 8 100%

Table 7.7. Cluster 2 Base Use-wear Patterns.

Base Use-Wear |Frequency| Percentages
Rugged, High Points 1 13%
Leveled and Rounded
Mostly Leveled with
3 389
Rounded Bumps &
Rugged with o
Rounded Bumps ! 13%
Broken Through 2 25%
Obscured 1 13%
Total 8 100%

The rim shapes for features in Cluster 2 are split almost evenly between abrupt
(38%) and rounded (63%). Similar to Cluster 1, rounded rims in Cluster 2 suggest
materials may have been moving over them, smoothing the surface over time. In contrast,
abrupt rims have sharp edges where the concavity meets the surrounding bedrock. The
motions used in the features with abrupt rims likely did not include pulling the ground
material out over the rim. It is also possible these features simply represent newer

features that still possess attributes associated with feature construction.

For the wall use-wear patterns, 75% of Cluster 2 had mostly leveled surfaces with

rounded bumps. This suggests that materials being processed in these relatively deep
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features were somewhat abrasive nature, and that the individuals using these features did
not feel the need to re-peck the sides of the shaft to roughen the surface. One of the
features is still fairly rugged with leveling and rounding just starting to form on the high
points, which could represent a newer feature, or one that was not as intensively used. In
many of the features, all portions of the walls were mostly leveled, suggesting motions
were used that increased the contact between the hand-held implement and the walls.
This levelling could have resulted from a stirring (rotary) motion, or possibly that large

quantities of material were being processed, almost completely filling up the feature.

Similar to the majority of the Cluster 2 feature walls, the most common base use-
wear pattern is a surface that is mostly leveled with rounded high points (38%). Two of
the features are missing their bases, possibly worn through, but the remainder show signs

of pecking and then use, likely with a pounding motion due to the depth of the features.

Cluster 3 Use-wear Patterns. Use-wear analyses were conducted on three of the
six bedrock features in the Cluster 3 group. These attributes are presented in Table 7.8 for

rims, Table 7.9 for walls, and Table 7.10 for feature bases.

Table 7.8. Cluster 3 Rim Use-wear Patterns.

Rim Use-Wear | Frequency | Percentages
Rounded 1 33%
Gradual 2 67%

Total 3 100%
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Table 7.9. Cluster 3 Wall Use-wear Patterns.

Wall Use-Wear |Frequency | Percentages
Rugged, High Points 5 67%
Leveled
Mostly Leveled with o
Rounded Bumps ! 33%
Total 3 100%

Table 7.10. Cluster 3 Base Use-wear Patterns.

Base Use-Wear | Frequency | Percentages
Rugged, High o
Points Leveled 2 67%
Mostly Leveled
with Rounded 1 33%
Bumps
Total 3 100%

Although only three of the features in Cluster 3 had use-wear attributes formally
recorded, by looking at the photos and other notes, the most common rim shape is a
gradual sloping surface to the surrounding bedrock. As noted above in the spatial
patterning section, the elongated shape of these features is likely caused by a long
reciprocal stroke, and this extends to the rim shape. The upper stone and processed
materials likely were pushed back and forth over rim areas, helping to cause a gradual
slope. The walls of features in Cluster 3 are mostly rugged with leveled high points,
suggesting that after the feature was pecked, it was then used in an activity with stone on
stone contact or an abrasive material. The base of the features in Cluster 3 have the same

distribution of use-wear attributes as the walls.
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Cluster 4 Use-wear Patterns. Use-wear analyses were conducted on seven of the
eight bedrock features in the Cluster 4 group. These attributes are presented in Table 7.11

for rims, Table 7.12 for walls, and Table 7.13 for feature bases.

Table 7.11. Cluster 4 Rim Use-wear Patterns.

Rim Use-Wear | Frequency | Percentages
Abrupt 2 29%
Rounded 5 71%
Total 7 100%

Table 7.12. Cluster 4 Wall Use-wear Patterns.

Wall Use-Wear Frequency | Percentages
Upper Walls Rugged, o
Lower Walls Leveled 3 43%

Completely Leveled 2 29%
Rugged with Rounded ) 29%
Bumps
Total 7 100%

Table 7.13. Cluster 4 Base Use-wear Patterns.

Base Use-Wear | Frequency | Percentages
Obsc.ured by 6 R6%
Sediement
Broken Through 1 14%
Total 7 100%

The rim shapes for Cluster 4 features are similarly distributed to the other group
of deep features (Cluster 2). The most common rim shape is rounded (71%), but a couple
features have abrupt rims. Although these features are incredibly deep, there is still
activity happening around the rim to create a gently rounded surface. The most common

use-wear pattern on the walls of Cluster 4 features are rugged upper walls and mostly
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leveled lower walls (43%). This pattern suggests the upper walls did not come into
contact with either the processing implement or the material being processed. Similar to
the walls in Cluster 2 features, the lower half of these features must have been relatively
full of semi-abrasive materials. This also suggests a pounding motion was utilized rather
than a rotary or gyratory motion since the upper walls showed little signs of wear. In
contrast, two of the features in Cluster 4 are leveled on all portions of the walls
throughout the shaft, suggesting a rotary motion may have caused the leveling. The final
two features in Cluster 4 are fairly rugged with some rounding of the highpoints,
indicating a softer material was processed in these features or these features were not as
heavily utilized. I could not record basal use-wear for any of the features in Cluster 4

because they are either obscured by sediment or broken.

Summary of Use-wear Characteristics. The use-wear patterns observed for
bedrock features between Clusters 1, 2, 3 and 4 indicate differential motions and/or
substances being processed in each cluster type. In the shallower features (Clusters 1 and
3), the most common use-wear characteristics on the walls and base are rugged surfaces
with leveled high points. In the mid-sized deep features (Cluster 2), there is not as much
high point leveling relative to Clusters 1 and 3, but entire surfaces are leveled and
smooth. This trend is continued for the deepest features (Cluster 4), with some interesting
features that only have the lower portions leveled. Of note, pecking was documented on
the walls and bases of features throughout the different clusters, even when leveled

surfaces were more common.

Based on the use-wear patterns and the morphology, there seem to be two

generalized groups—Cluster 1 and 3 are most similar while Cluster 2 and 4 are also
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relatively alike. To test this hypothesis and provide support from a variable independent
of the Cluster analysis, I conducted a Chi-square Test of Independence for the frequency
of use-wear patterns in each of these general groups (Clusters 1 and 3, Clusters 2 and 4).
The Chi-square tests comparing the rim (Table 7.14), wall (Table 7.15), and base (Table
7.16) use-wear for these two general groups show that they are significantly different in

regards to use-wear.

Table 7.14. Chi-Square Test of Independence for Rim Use-wear

chi-sq p-value X-Crit sig Cramer V
Pearson's 29.52018 1.74101E-06 7.814728 yes 0.255558

Table 7.15. Chi-Square Test of Independence for Wall Use-wear

chi-sq p-value X-Crit sig Cramer V
Pearson's 98.45462 3.34006E-21 7.814728 yes 0.466712

Table 7.16. Chi-Square Test of Independence for Base Use-wear

chi-sq p-value X-Crit sig Cramer V
Pearson's 80.03691 8.24393E-16 11.0705 yes 0.428452

I calculated adjusted residuals (e.g., Haberman 1973) to determine which use-
wear patterns were significantly different. Said differently, there are a few use-wear
patterns that are especially common for each of the two general bedrock feature groups
(Clusters 1 and 3, Clusters 2 and 4). For ease of comparison, I lumped some of the use-
wear together that imply similar functional activities. For example, all of the wall and
base use-wears that have rugged surfaces with any modification on the high points have
been put into one category, while mostly leveled and completely leveled surfaces
represent another pattern. These results are presented in Table 7.17 (rim), Table 7.18
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(walls), and Table 7.19 (base). Highlighted values indicate use-wear patterns that occur in
significant abundance for each group. The adjusted residuals for the wall use-wear are
particularly interesting. Cluster 1 and 3 have significantly more rugged surfaces with
some sort of light modification of high points. Alternatively, Cluster 2 and 4 have more
complete leveling of the surfaces or a combination of rugged and level throughout the
feature. Of note, the rugged category was no significantly different. These data help
support my hypothesis that the various clusters represent different functional types of
bedrock features, but both likely were the product of intentional manufacture through

pecking.

Table 7.17. Adjusted Residuals for Rim Use-wear

Cluster 1 & 3 Cluster 2 & 4

Rounded & gradual 2.371 -2.371
Abrupt -5.369 5.369
Rugged 1.123 -1.123
Fractured 0.372 -0.372

Table 7.18. Adjusted Residuals for Wall Use-wear
Cluster 1 & 3 Cluster 2 & 4

Rugged 1.405 -1.405
Rugged, leveling and/or rounding 3.150 -3.150
Mostly or completely leveled -2.718 2.718
Upper walls rugged, lower walls leveled -9.380 9.380
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Table 7.19. Adjusted Residuals for Base Use-wear

Cluster 1 & 3 Cluster 2 & 4

Rugged 1.184 -1.184
Rugged, leveling and/or rounding 1.560 -1.560
Mostly or completely leveled -0.526 0.526
Broken Through -8.852 8.852
Central Peck 0.437 -0.437
Irregular 0.137 -0.137

As discussed in Chapter 2, use-wear patterns are representative of the more recent
activities that happened on the surface (Adams 2002). However, these wear patterns take
time and repetitive actions to develop and the observed use-wear likely reflects
accumulated habitual use patterns that developed over long periods of time. The use-wear
data, combined with the morphological clusters, demonstrates that a wide variety of food-
processing occurred. Various types of vegetable materials and animal tissue were likely
processed in the shallow features, along with possible usage for processing fibers from
baked or unbaked agave, yucca, or sotol leaves. The intermediate deep features were
likely used for processing large quantities of plant materials, such as mesquite pods. The
deepest features could also be used for processing large amounts of semi-abrasive
material, based on the leveled walls. However, my analysis does not explain why these
features are so deep. With such deep features, how was material extracted from the
bottom of these deep features? Is it possible these features were not used for grinding or

pounding food? Hypotheses for these questions are proposed in the following sections.

Manufacture vs. Development

One of the major theoretical questions about bedrock features is how they formed.

Two theories were introduced in Chapter 2: 1) that features develop through time and

281



use; or 2) that features are purposefully manufactured to specific shapes and sizes. In
Texas, the most common speculation' is that features develop through time. In other
words, a person begins with an unmodified surface, and through time and use a shallow
depression is created. However, new experimental research (e.g., Buonasera 2015)
indicates an increase in processing efficiency can be achieved by manufacturing a feature
prior to use. These are important issues to consider as they hold implications for how

indigenous peoples utilized this technology.

If bedrock features develop through time, we would have to assume that the
deepest features recorded during this project are either the oldest, or the most heavily
used. However, this explanation is likely an oversimplification. For instance, if features
are developing through time, we must then ask why are the majority of the features
shallow in depth (e.g., 1-2 cm)? Perhaps these features are very young, or were not
utilized very often. To better answer this question, experimental archaeology is
warranted. How long does it take for a feature to reach certain depths through use during
processing activities? Typically, indigenous peoples using bedrock features and other
ground stone technology tried to keep enough of the material being processed in the
feature so the hand stone would not fracture the lower surface or break parts of the rock
into the processed meal (e.g., Ortiz 1991:73). By that logic, it could take decades or
centuries for one feature to become even a couple centimeters deep, let alone the 40 cm

and deeper features I observed in the Lower Pecos.

! As stated previously, there has been very little published bedrock feature research in Texas. However, this
has not deterred archaeologists from informal discussions regarding bedrock features.
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On the other hand, if bedrock features are manufactured to a specific shape and
depth, this can provide data for addressing research questions that go beyond just food
processing. For example, if experimental research shows that it takes a minimal amount
of time to peck out a feature that is only a few centimeters in depth, but it increases the
efficiency of the processing activity, we can use optimal foraging models to study
bedrock feature use (e.g., Buonasera 2015). Further, we can begin to address bedrock
features in terms of social interactions and potential re-use of sites and seasonality. For
the deeper bedrock features, perhaps these were created through the help of multiple
people and were used specifically for greater quantities of food. If large amounts of time
were invested in creating specialized, deep features, the manufacturers may have
intended to return back to these locations for specific purposes. This could have been
useful when multiple familial bands came together at certain times of the year, possibly
during harvest times for plants such as mesquite. We might not know how old these
features are, or even how often they may have been revisited through the years, but we

can start to model potential behavior based on optimality theories for foraging peoples.

At this time, I propose that the majority of the bedrock features in the Lower
Pecos were pecked out, or manufactured, to a desired shape and size. This is based on the
distribution of feature morphologies and the macroscopic use-wear seen on these
features. Although there are a fair amount of deeper features, they are still far
outnumbered by the shallow, more general-use features. Further, since pecking was
observed throughout all four clusters of features, we know the indigenous peoples were at
the very least re-surfacing these areas for a more optimal performance. Most interesting

are the deep features in Cluster 4 that have rugged upper walls and leveled lower walls. I
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think it is clear that the features did not develop through time, otherwise we might expect
for more of the upper surfaces to have leveling. This is not to say that features could not
have become slightly deeper or changed through use, this undoubtedly occurred, but my
analysis indicates the driving factor in bedrock feature form was through intentional

manufacture and shaping.

Experiments to Understand Bedrock Feature Production. Experimentation to
explore these topics is just beginning (e.g., Buonasera 2012, 2014; Murray 2014), and
such projects are no small undertaking. Pecking out a bedrock feature that is 30 cm in
depth could take days or even weeks. On the other hand, processing food until a bedrock
feature reaches 30 cm in depth might take years. However, we will not know until such
experimental projects are completed. Previous research that can help inform these new
experiments includes an important work exploring how portable stone mortars and bowls
were produced (Schneider and Osborne 1996). Schneider and Osborne used two different
methods to create a stone mortar, first by only pecking out the feature and then by
attempting to use the “central plug” method. They provide archaeological examples of
stone mortars that have been found with evidence of both manufacture procedures and
ethnographic evidence (Holmes 1897, cited in Schneider and Osborne 1996) which
detailed the central plug method. This method includes pecking a circular groove around
the unwanted portion of rock so it could be easily isolated and undercut. Using a chisel-
like implement, this plug was then removed with a few hard blows (Holmes 1897, cited
in Schneider and Osborne 1996). Interestingly, a possible example of this method in the
Lower Pecos is found on a bedrock surface at 41VV50 (Crab Shelter) on the Devils River

(Figure 7.1). On a boulder outside of the dripline of the shelter are three concavities,
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seemingly at different stages of production. In the background is a typical looking
bedrock feature. In the foreground is a pecked ring with a limestone plug still in the
middle, and in the center of the photo is a concavity with a small part of the plug still
intact. While this case may be the result of weathering and not cultural manufacture, it is

none the less intriguing.

S . i .."-'.’ v° ¥ 1 . B
Figure 7.1. Possible central plug manufactured bedrock features
at 41VV50. Photo courtesy of Jack Johnson.

In my own small experimental archaeological project, I pecked a circular bedrock

feature that was 11 cm across both axes and 2 cm deep on a large limestone slab (Figure
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7.2). The experimental feature has approximately similar dimensions to many of the
archaeological examples recorded in this project. Manufacturing this feature only took
me an hour and 38 minutes to complete, with an average of 161 strikes per minute. I used
two different hand stones: a quartzite cobble and a sharpened chert nodule. This resulted

in a feature with gentle sloping, dished walls and a very rugged macroscopic surface.

Figure 7.2. Two centimeter deep experimental bedrock feature produced in approximately
1.5 hours.

Overall, spending approximately 1.5 hours to create a feature is not a large time
investment. Further, indigenous peoples who were more adept at this activity could likely
manufacture this size of feature in less time. Although my small experiment does not
provide sufficient data to fully evaluate bedrock feature manufacture and morphology in
the Lower Pecos, it points to the need for more rigorous, detailed experimentation on this

topic.
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Ethnographic and Archaeological Considerations for Lower Pecos Bedrock Features

Based on the ethnographic accounts reviewed in Chapter 3, many different foods
may have been processed in Lower Pecos bedrock features. In addition, there may be
ritualistic or sacred connotations that are inherent in the technology. These considerations
are reviewed below, along with corresponding evidence from the Lower Pecos

archaeological record.

Ground Stone Technology and Food Processing. The variable features in Cluster
1 and 3 were likely utilized for a wide variety of plant and animal tissue materials based
on ethnographic information. They could have been used to crush and grind fruits such as
prickly pear tunas, yucca fruits, hackberry, and persimmon. This is similar to Rea’s
(1997) and Castetter and Underhill’s (1935) reports on the Pima and Papago grinding
banana yucca fruits on a metate. Other soft substances such as baked agaves and sotol
could have been smashed and pounded into small cakes in the shallow features, then set
out to dry in the sun. Harder materials such as nuts (pecans and walnuts) and seeds
(grasses and cactus seeds) were also likely ground in these shallow features. The use-

wear patterns observed for Cluster 1 features largely support the ethnographic examples.

Based on ethnographic accounts from the Seri (Felger 1977), the features in
Cluster 2 and perhaps Cluster 4 were likely utilized predominantly for mesquite
processing. The larger depths would allow for substantial quantities of mesquite pods to
be processed, and pounding appears to be the most efficient method to break up the
different parts of the pod. The use-wear observed on several of the Cluster 4 features
support this pounding motion. It is possible that once sufficient pulverizing in the deep

mortar was accomplished, various products of the mesquite (endocarp flour, the inner
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seeds, etc.) were then ground on shallower surfaces, as documented with the Seri and
Apache (e.g., Castetter and Opler 1936; Felger 1977). Based on information from the
Mono (McCarthy 1985:117), various seeds were also processed in deeper features, but
typically with a circular motion that pressed the seeds against the sides of the mortar.
This could help account for the extensive leveling of the walls within the features in
Cluster 2, and some of the features in Cluster 4. Overall, it is difficult to determine
exactly what food was processed in each type of feature, and previous researchers have
warned against making these kinds of specific correlations of form equals specific
function (Adams 2002:6-7). Further, the use-wear shows that multiple different actions

and materials were being processed in Lower Pecos bedrock features.

Ground Stone Technology and Fermentation. Within the Lower Pecos, Greer
(1965) was the first to connect bedrock mortars with agave fermentation. In his analysis
of burned rock middens, Greer (1965:50-51) noted deep bedrock mortars that could have
served as fermenting vats for liquid from baked agaves. Figure 7.3 is an example Greer
(1965:51) gives of deep mortars connected by a trough, possibly allowing for liquid and
impurities to flow from one side to the other. Despite the few accounts describing the use
of bedrock features as fermentation chambers in Mexico discussed in Chapter 3, it is
unknown whether this was a common use for deep mortars in the Lower Pecos. However,
it is clear that ground stone played a role in the production of alcoholic beverages
because these features were likely used for mashing and pulverizing the baked pulp, even
if fermentation occurred elsewhere (e.g., Bruman 2000). Therefore, either the actual
fermentation process or the processing of baked plants to be fermented represents one of

the activities likely completed with the help of ground stone implements in the Lower

288



Pecos. Although I do not have the data to test this hypothesis, fermentation and alcohol
production should be considered as a possibility when examining the morphologies of

ground stone technologies.

Figure 7.3. Two different sets of bedrock mortars connected by a trough at a
site on the Devils River in Val Verde County. Greer hypothesizes these were
used to ferment agaves beverages. Photos courtesy of John Greer.

It is interesting that the deepest features in my data set (Cluster 4) are
morphologically distinct from the rest of the features, and that they only occur at two of
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the studied sites. Beyond the presence of the Cluster 4 features, these two sites (41VV75
and 41VV124 [White Shaman]), are admittedly unique. Both sites are located near the
Pecos and Rio Grande confluence, which was likely an important location on the
landscape for Lower Pecos foragers. 41VV75 is a large rockshelter with thousands of
pictographs in various styles covering the back walls, a massive amount of burned rock,
and an unprecedented number of bedrock features. These data alone indicate the site was
used likely revisited by groups over a several thousand year period. It is possible this
location may have served as a place for seasonal/annual/generational gatherings (e.g.,
Turpin 2004). The White Shaman site, although much smaller in size and total amount of
cultural material, has a pictograph panel that has been studied extensively. Recent
interpretations of the rock art panel by Boyd (2003, 2012, 2016) demonstrate this
rockshelter was a very sacred place on the landscape. Both of these sites were likely the
location of ceremonies, rituals, and celebrations which may have included the production
and use of a fermented drink contained in the deep bedrock features. At this point
discussion is largely hypothetical. Experimentation is needed to test hypotheses regarding
how fermenting alcoholic liquids might be achieved in bedrock features and residue
analyses should search for signatures for fermented materials in the archaeological

specimens.

Ground Stone Technology and Burials. In the Lower Pecos, ground stone items
(manos and metates) have been reported in numerous burials (Table 7.20). Based on
ethnographic data and theories on division of labor, we might expect females to have
more ground stone items accompanying them in death than males. As Table 7.20 shows,

eight female burials have associated manos and metates, which could symbolize that
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these women used these tools frequently in life. Both Seri (Felger and Moser 1971:Figure
1) and Miwok (Ortiz 1991) women describe bedrock mortars and hand stones being

passed down from mother to daughter to stay within a matrilineal line of ownership

Table 7.20. Burials from Rockshelter Deposits in the Lower Pecos. Table adapted from
Turpin et al. 1986:Table 1.

Site No. Age/Sex Comments/Burial Items
41VV74 - Fate Bell Shelter 4 Possible cremation, stone and brush covered pit,
matting and a mano
6a Adult Female (55) Flexed, 3 manos
6b Adult Male (55) Flexed, large metate covering
6C Adult Male Flexed, on back, cracked skull, metate, dart point
6d Adult Female Flexed, rock covering, mano and metate
41VV82 - Coontail Spin 1-2 Adult Females Flexed, metates and manos
41VV112 - Shumla Cave #1 1 Adult Female Flexed, wrapped in beaver robe, a mano
2 Adult Female Flexed, wrapped in beaver robe, metates
41VV113 - Shumla Cave #5 1 Adult Female Flexed in a lined pit, worn mats with netting,
metate
2 Infant Wrapped in matting, under a mano and metate
in a twig lined pit, broken cradleboard and fur
blanket
5 Adult Cremation, wrapped in mats under a mano and
metate, bison hair robe, fiber bracelet, covered in
prickly pear
6 Infant Wrapped in mat with fawn skin and fur robe,

metate, mano, and broken cradleboard

8 Adult Male Under twigs, 2 manos, 2 metates with pigment
stains, mat, fishnet, baskets, pouch with
numerous items, fiber and stone raw material, fur
robe, feather cord, hair cord, rattlesnake vertebra
necklaces, bone tools, pigments, drawing
implements, tatoo needles, Ensor dart point

Old Shumla 1 Infant In a basket, metate
41VV237 1-2 Adults, male and Flexed, seated together, digging stick, grass
female? basket with prickly pears, metate, cane mat
3 Infant Flexed, membrane shroud, net, basket, mat, deer

hide, metate, human hair cordage

Unprovenienced 1 Infant Flexed, stick and grass cradle nest, 3 layers of
matting, wrapping in fur blanket, bound with hair
rope, covered with a metate and rock
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While this may have been the case for Lower Pecos foragers as well, ground stone
artifacts have been found in association with four males burials. The most intriguing is
Burial #8 from 41VV113-Shumla Cave #5. This male individual had two manos, two
metates with pigment stains, drawing implements, a rattlesnake vertebrae necklace, tattoo
needles, and more (Turpin et al. 1986). This individual seems to have more elaborate
grave goods in comparison to other burials in the region, and many of these items suggest
he may have had the status of an artist and/or shaman (Martin 1933; Schuetz 1961).
Further, five infants were also accompanied by a metate. In most cases, the metate was
placed over the body, covering the infant (Turpin et al. 1986). Infants could not have
used manos and metates to process food during their short lifetimes, so the presence of
these items in their graves may be related to the fertility metaphors discussed in Chapter
3. It is possible that the act of placing a metate over the child was thought of as placing

the infant back into the womb.

Spatial Patterning of Bedrock Features on Contiguous Surfaces. The general
clustering or proximity of features to one another should also be briefly considered. For
this project, I did not attempt to do an in-depth spatial analysis of bedrock features
located on a contiguous surface (e.g., on one boulder). While this sort of analysis has
proven useful for identifying sub-features or features that may have been used together
(e.g., Dreyer-Lynch 2014), it was not the main focus of my research. That said, it is
notable that some recorded areas within a site (i.e., contiguous limestone surfaces) have
bedrock features with lots of space between them (Figure 7.4) while others have a
constant undulating surface of features directly next to each other across the entirety of

the bedrock or boulder (Figure 7.5).
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Figure 7.4. Bedrock features at Kelley Cave that are spread apart on the
boulder surface.

Figure 7.5. Bedrock features at 41VV75 that are immediately next to one
another across the entire boulder.
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For the very dense areas, it would not have been possible for all of the features to
be used at the same time. It is possible that some of the features that are immediately next
to one another were used at the same time by the same individual, perhaps as a way to
organize the workstation. This begs the question of why are there so many small features
next to one another. It is almost unbelievable that these small, shallow features were
considered past their use-life, or no longer optimal for use. One possibility is the idea that
individual bedrock features belonged to the individual (likely female) who created it. As
mentioned previously, many ethnographic accounts (e.g., Felger and Moser 1971; Ortiz
1991) suggest features were the property of certain women. If this is the case, perhaps
women created new features upon arrival at a site, even if existing features were already

in place because they were not allowed to use the “property” of another woman.
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VIII. CONCLUSIONS AND AVENUES FOR FUTURE RESEARCH

As stated in the introduction, the goals of this thesis are two-fold: 1) to better
understand the morphological variation of bedrock features and create the first regional
typology; and 2) to advance hypotheses about the roles bedrock features played for
Lower Pecos foragers. To record the morphological variation of bedrock features, I
recorded 824 bedrock features at ten sites spread across the region. I believe the ten sites
I studied provide a reasonably representative sample of bedrock feature variation in the
Lower Pecos. However, there are large areas of the region that are not included in my
sample. Bedrock feature variation should be explored at sites further upstream on the
Pecos and Devils Rivers as well as at open-air sites in the uplands and along the river
terraces (e.g., 41VV1723 on the Rio Grande River [Johnson and Johnson 2008]). Further,
previous researchers may have compiled unpublished bedrock feature measurements at

other sites that can be incorporated into future analyses.

[ utilized Structure from Motion photogrammetry (SfM) to document and map the
bedrock features, which proved to be an efficient and accurate method. The only
difficulties that I encountered with the SfM method was with extremely deep features that
were too dark at the bottom for adequate photographic documentation. Methods for
photographing these features have been developed (e.g., Nadel et al. 2015) but I did not
have access to the necessary camera set-up. An important advantage to the SfM method
is that I can perform further analyses beyond those presented in this thesis. These
analyses can be conducted in any GIS software and include volume, slope of the feature

walls, and density or nearest neighbor algorithms. These data can help refine our
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understandings of the morphological variation of bedrock features and how they were

used.

Lower Pecos Bedrock Feature Morphological Variation

Overall, there was less morphological variation in Lower Pecos bedrock features
than I had originally expected at the beginning of this project. Statistical analyses
conducted on 787 features at 10 sites resulted in the identification of four distinct
clusters, or types. Cluster 1 is comprised of 97% of the total number of analyzed bedrock
features. This staggering result could have several implications: 1) more attributes should
be added to future analyses to possibly identify significantly different sub-groups; or 2)
most bedrock features in the Lower Pecos are part of a continuum that were used for
multiple purposes and items. Cluster 1 features have a large range of depth (from very
shallow [0.1 cm] to moderately deep [18.6 cm]) and axis measurements (from 1.9-29.2
cm long) resulting in a highly variable group. Cluster 2 is characterized by relatively deep
features that are mostly conical in profile. Although Cluster 2 represents a very small part
of the data set, these conical mortars are a distinct grouping of features within the region.
Cluster 3 features are similar in variability to features in Cluster 1, but they are grouped
as a unique sub-set due to larger orifice openings. Particularly, the axis 1 measurement is
longer than 25 cm in length. Cluster 3 depth measurements range from 1.0-15 cm. Cluster
4 features are incredibly deep mortars that all have straight-walled profiles and circular

openings.
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One of my original goals was to put forth a regional typology of bedrock features.
Although the cluster analysis resulted in four highly different morphological groups,
Cluster 1 includes an incredibly large range of feature sizes and makes up the majority of
the data set. Until Cluster 1 is examined more thoroughly for intra-cluster pattering, I
think it is premature to create a formal typology. Clusters 1 and 3 are both highly variable
and elude a classification that can encompass all of the morphological and metric
variation. Other groups (Cluster 2 and 4) are less variable and likely represent a true
morphological and functional type. At this time, I will tentatively classify features in
Cluster 1 and 3 as general grinding surfaces, features in Cluster 2 as conical mortars, and

features in Cluster 4 as cylindrical mortars.

In order to provide hypotheses about the four bedrock feature clusters and their
potential functions, I considered multiple lines of evidence: 1) macroscopic use-wear
attributes; 2) experimental procedures concerning development vs. manufacture; and 3)
ethnographic accounts of bedrock features use. Each of the four clusters I defined has a
distinct set of macroscopic use-wear patterns. Clusters 1 and 3 mostly have rugged bases
with leveled or rounded high points, suggesting a wide variety of activities took place in
these features. Cluster 2 contained features that have mostly leveled and smooth surfaces
with some rounded high points. This use-wear pattern suggests harder materials were
being processed in these features. The use-wear in Cluster 4 features was very similar to
that of Cluster 2 except there was an interesting combination of extensive leveling on the
lower walls and rugged upper walls. This suggests the feature was pecked down to
roughly the current depth and then utilized with harder materials only contacting the

lower walls. All four clusters had evidence of pecking. The combination of statistical
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groups and corresponding use-wear patterns indicates that these feature types are valid in

terms of morphological variation and behavioral use.

Overall, the on-site use-wear observations correlate very closely to ethnographic
accounts regarding what kinds of materials were processed—whether it is softer foods
processed in shallow features and harder foods processed in larger quantities in deep
features. Looking at previous experiments and my limited experimental work as well as
use-wear characteristics, I hypothesize that bedrock features in the Lower Pecos were
intentionally manufactured to specific depths and shapes for certain processing activities
(e.g., extracting fiber from baked agave leaves or pounding mesquite pods). After
examining all lines of evidence, Clusters 1 and 3 appear to be general purpose features
(general grinding surfaces), used for a variety of processing activities. Cluster 2 features
(conical mortars) are approaching a more specialized morphology but were also likely
utilized for processing a variety of plant materials. The deepest features (Cluster 4 —
cylindrical mortars) likely represent highly specialized features utilized for specific
purposes that may go beyond food processing, possibly including the fermentation of

baked plants and fruits.

Recommendations for Future Analyses

Based on the observed use-wear patterns, I hypothesized that bedrock features in
the Lower Pecos were intentionally manufactured, as opposed to developing over long
periods of time and use. One of my greatest regrets for this project is that I was unable to

complete the experimental research I began that would address the question of bedrock
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feature formation. However, to fully explore this hypothesis, a long term, dedicated
experimental project needs to be undertaken. Future experimental work should build
upon Buonasera’s (2015) seminal work and frame experiments with theoretical
discussions regarding bedrock feature formation and hunter-gatherer technological

adaptations.

The four clusters I identified are only a starting point for future analyses of Lower
Pecos bedrock features. More data from a larger sample of bedrock features is needed to
provide a stronger foundation for a regional typology to be built upon. That said, the
largest group of features (Cluster 1) is made up of four smaller sub-groups, and is the
most important cluster for truly understanding the entirety of bedrock feature variation.
Future analyses should focus on characterizing sub-groups within Cluster 1 to present a
more detailed typology of these features and how they may have functioned. These
analyses should continue to include use-wear characteristics but also add attributes such

as volume and considerations of the spatial clustering of features on a contiguous surface.

In order to evaluate the behavioral and functional implications of these features
types, these analyses should be accompanied by a rigorous attempt to identify the
absorbed residues in the various morphological types. Although our preliminary testing at
Skiles Shelter (see Chapter 5) was not as successful as we had hoped, I still believe there
is great potential for residue studies on ground stone surfaces in the Lower Pecos. To
increase the chances of success, these studies should focus on extremely well protected
features in dry rockshelters, and analyses should attempt to identify a wide range of

residues.
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Summary

In conclusion, this study represents the most systematic and holistic study of
bedrock feature morphology and their potential uses yet accomplished in the Lower
Pecos Canyonlands. I have provided data indicating there are at least four distinct types
of bedrock features. I examined the four clusters of features through multiple lines of
evidence —their patterning across the region, their respective use-wear patterns, and
ethnographic accounts. These data show that while most of the features were likely for
general use, other feature types (e.g., Cluster 4, cylindrical mortars) were highly
specialized and only occurred at certain sites. This pattern could have implications about
general lifeways for Lower Pecos hunter-gatherers. Perhaps these foraging peoples were
using the many sites with unspecialized features for a majority of the year, but sites with
specialty features could signal use during certain times, such as a harvest or large social
gathering. These theoretical ideas along with experimental work can help archaeologists
push our interpretations of ground stone bedrock feature technology past just food

processing and into theories regarding site reuse and optimal technological adaptations.

Perhaps of the greatest importance, I have produced a large baseline dataset for
future researchers to expand upon and test my hypotheses. Ground stone bedrock features
are a common, ubiquitous feature across the landscape in the Lower Pecos, and
undoubtedly hold potential for informing multiple facets of hunter-gatherer lifeways. We

just have to keep pecking away at it.
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APPENDIX SECTION

APPENDIX A: TERMINOLOGY DEFINITIONS

This section provides definitions for the general attribute data (Table App A.1)
and use-wear observations (Table App A.2) collected during field inspection. The
majority of these classifications, such as the opening shape, profile shape, base shape,
and the inclination, were assigned by simple visual inspection. The “type” category was
assigned based on depth classes that were assigned arbitrarily (Table App A.1).
Sometimes when a feature’s depth could not be visually assessed easily, a small
measuring tape was used to obtain a quick depth value. Use-wear data was collected for
all areas of the feature: the rims, walls, and base. The terms used to describe the rim are
in reference to the actual shape or character of the rim, while the terms used for the walls
and base are describing the macroscopic character of the limestone in those areas. On
shallow features, the walls and base grade into one another and the use-wear is typically
very similar. Conversely, deeper features that have more distinct bases and often have
differing use-wear than the walls. Although these designations are relatively subjective,
these kinds of terms are widespread throughout bedrock feature research and defining my

use of them will make my data relatable to other researchers.
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Table App A.1. General Attribute Terminology Definitions.

Category Term Definition
Shallow Depth is less than 3 cm
Cup Depth is greater than 3 cm, but less than 7 cm
é’: Mortar Depth is greater than 7 cm
b= Flat Very little to no concave surface, usually shiny and slick
Pecked Area |Distinct peck marks with no subsequent use, can be amorphous
Other Morphology that does not fit into previous categories
Round Circular at the mouth
%" Ovoid One axis is longer than the perpendicular axis, making the opening ovoid
§_ Oblong One axis is much longer than the perpendicular axis, making the opening
o oblong
Other Morphology that does not fit into previous categories (e.g., triangular)
Flat Little to no concavity in profile
@ Dished Gently sloping walls
E Conical Steeply sloping walls, creating a cone in profile

Straight-sided

Walls are mostly vertical, straight up and down

Other

Morphology does not fit into the previous categories (e.g., irregular)

Concave Base is generally rounded
o Flat Base is broad and flat
C§ Pointed Base comes to an abrupt point
Tapered Base is narrow, but not pointed
Other Morphology does not fit into the previous categories (e.g., irregular)
£ Horizontal Feature is on a flat surface
§ Gentle Feature is on a gently sloping surface
E, Moderate Feature is on a moderately sloping surface
= Steep Feature is on a steeply sloping surface
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Table App A.2. Use-wear Terminology Definitions.

Area Term Definition

Rounded Rim is a rounded smooth topographic change
E Gradual/Ephermeral |Rim grades into the rock surface surrounding the feature
~ Rugged Rim is uneven or rough

Abrupt Rim and surrounding rock meet at an abrupt, sharp angle
» Rugged Surface is pecked with rough bumps
g Leveled High po.ints are cut off to the same elevation or the entire
= surface is completely smoothed to the touch
2 Rounding High points have rounded smooth edges; gentle bumps
g Sheen Polish or shine on rock surface or high points

Striations Linear marks or gouges in the rock surface
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BEDROCK FEATURE ATTRIBUTE AND METRIC DATA TABLES

APPENDIX B

41VV164 — Kelley Cave
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Table App B.2. Metric Data for Kelley Cave Bedrock Features.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
A001 1.7 14.5 10.8 1.3
A002 0.6 12.3 9.5 1.3
A003 2.9 15.9 15.5 1.0
A004 4.0 22.6 15.1 1.5
A005 1.8 18.3 11.3 1.6
A006 0.4 6.5 4.1 1.6
B001 4.1 11.3 10.4 1.1
B002 2.9 9.5 8.2 1.2
B003 3.0 9.3 8.7 1.1
B004 3.5 14.1 13.7 1.0
C001 1.2 9.8 6.4 1.5
D001 2.2 11.1 7.1 1.6
D002 2.4 15.7 10.7 1.5
D003 1.0 14.0 13.8 1.0
D004 2.8 15.2 12.4 1.2
D005 2.3 11.0 10.4 1.1
D006 1.5 12.3 11.2 1.1
D007 0.6 10.5 9.2 1.1
E001 1.5 11.3 9.6 1.2
E002 3.1 21.5 16.8 1.3
E003 1.4 15.7 9.7 1.6
E004 3.4 18.6 13.7 1.4
E005 1.2 13.9 11.8 1.2
E006 1.7 28.7 12.2 2.4
E007 1.7 13.1 10.5 1.2
M1001 2.6 21.7 11.6 1.9
M1002 4.0 8.4 7.7 1.1
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Table App B.4. Metric Data for Skiles Shelter Bedrock Features.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
A001 1.5 16.8 9.2 1.8
B001 0.3 4.6 4.5 1.0
B002 1.1 9.6 6.2 1.5
B003 1.5 7.1 6.4 1.1
B004 1.2 9.2 7.5 1.2
B005 1.4 8.0 7.2 1.1
B006 1.1 7.4 6.5 1.1
B007 1.7 7.8 7.4 1.0
B008 1.2 10.6 8.7 1.2
B009 0.8 9.9 8.7 1.1
B010 1.0 15.3 7.1 2.1
BO11 0.5 7.3 6.3 1.2
B012 1.2 11.5 10.1 1.1
B013 1.0 15.3 11.8 1.3
B014 1.2 11.2 8.4 1.3
BO15 2.1 8.3 6.4 1.3
B016 1.5 14.9 11.3 1.3
B017 1.9 17.3 13.6 1.3
BO18 0.5 5.5 5.5 1.0
B019 2.1 12.5 11.8 1.1
B020 5.5 12.5 12.3 1.0
B021 1.8 11.6 7.9 1.5
B022 1.5 12.5 10.0 1.2
B023 1.5 12.0 6.9 1.7
B024 3.8 18.2 15.1 1.2
B025 2.1 13.9 11.7 1.2
B026 0.3 6.7 4.8 1.4
B027 2.8 15.5 13.6 1.1
B028 2.9 12.3 11.1 1.1
B029 2.7 10.6 9.4 1.1
B030 3.1 12.7 9.3 1.4
B031 0.8 6.7 6.3 1.1
B032 3.9 18.1 10.6 1.7
B033 1.2 8.0 6.1 1.3
B034 1.4 8.9 8.8 1.0
B035 0.2 2.9 2.8 1.0
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Table App B.4. Skiles Shelter Continued.

BRF# |Depth (cm) | Axis 1 (cm)| Axis 2 (cm) | L/W Ratio
B036 0.6 6.4 5.7 1.1
B037 4.3 36.6 18.0 2.0
B038 1.7 11.1 8.7 1.3
B039 1.0 8.4 8.0 1.0
B040 1.0 8.7 5.1 1.7
B041 0.6 7.9 6.3 1.3
B042 0.7 7.6 4.1 1.9
B043 1.5 15.5 11.0 1.4
B044 1.7 10.6 10.0 1.1
B045 0.9 13.0 7.0 1.9
B046 2.7 15.7 13.0 1.2
B047 0.9 10.2 10.0 1.0
B048 1.1 12.1 8.3 1.5
B049 4.2 17.2 14.3 1.2
B050 3.4 20.8 18.4 1.1
C001 1.4 20.4 13.1 1.6
C002 3.4 29.0 13.3 2.2
C003 4.4 35.6 16.4 2.2
C004 1.3 14.6 13.0 1.1
C005 0.9 18.8 13.0 1.5
C006 9.1 17.9 16.1 1.1
C007 0.9 10.3 9.1 1.1
C008 3.3 19.5 15.1 1.3
C009 4.0 17.2 14.7 1.2
Co010 3.5 16.7 14.8 1.1
Co11 34 17.0 12.7 1.3
C012 1.4 12.8 11.4 1.1
CO013 7.0 25.4 14.0 1.8
C014 4.7 22.9 15.4 1.5
CO015 1.7 14.4 10.7 1.3
Co16 2.3 13.4 12.5 1.1
CO017 3.9 26.7 14.2 1.9
CO018 1.6 18.3 10.6 1.7
Co019 2.9 14.9 14.1 1.1
C020 3.1 27.4 13.0 2.1
C021 2.2 13.1 9.5 1.4
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Table App B.4. Skiles Shelter Continued.

BRF# |Depth (cm) [ Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
C022 1.7 11.0 5.6 1.9
C023 1.6 12.1 11.3 1.1
C024 1.6 10.6 9.8 1.1
C025 1.5 9.1 8.3 1.1
C026 5.1 24.5 19.8 1.2
D001 4.2 17.3 12.6 1.4
D002 3.7 14.8 13.4 1.1
D003 1.4 11.4 10.4 1.1
D004 3.8 18.2 12.6 1.4
D005 2.3 14.1 10.6 1.3
D006 1.1 16.3 15.9 1.0
D007 5.1 24.7 19.5 1.3
D008 1.9 17.5 11.0 1.6
D009 1.2 17.6 10.7 1.6
D010 0.9 13.8 9.2 1.5
E001 5.2 17.1 14.4 1.2
E002 4.6 11.6 9.2 1.3
E003 5.0 12.2 11.2 1.1
E004 3.8 9.4 8.9 1.1
E005 3.2 9.4 9.1 1.0
E006 2.0 11.2 9.1 1.2
E007 18.6 15.0 14.3 1.0
E008 2.5 11.1 9.1 1.2
E009 1.6 9.8 8.8 1.1
EO010 3.1 10.9 9.9 1.1
EO11 10.2 19.0 12.8 1.5
EO012 3.1 14.0 11.7 1.2
EO013 3.6 14.3 11.0 1.3
EO14 1.5 21.8 13.3 1.6
EO015 3.6 26.0 10.8 2.4
EO16 1.6 11.2 9.3 1.2
EO017 1.3 5.7 5.2 1.1
EO018 12.4 15.7 14.5 1.1
EO019 1.1 7.9 6.5 1.2
E020 5.5 13.7 12.9 1.1
E021 1.6 8.9 8.5 1.0
E022 4.6 15.5 12.5 1.2
E023 2.1 15.9 11.1 1.4
E024 0.7 10.9 8.7 1.3
E025 1.9 10.2 5.6 1.8
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Table App B.4. Skiles Shelter Continued.

BRF# |Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
FO0O01 0.9 13.4 10.3 1.3
F002 1.8 18.5 8.0 2.3
F003 1.9 9.6 8.2 1.2
F004 0.7 10.6 8.2 1.3
F005 2.1 12.9 11.9 1.1
F006 2.1 20.4 11.4 1.8
F007 1.5 11.6 8.8 1.3
F008 1.7 10.7 10.3 1.0
F009 0.7 7.8 6.8 1.1
M1001 3.9 13.2 12.7 1.0
M1002 3.6 15.4 10.4 1.5
M1003 1.1 7.1 6.8 1.0
M1004 2.8 9.4 8.9 1.1
M1005 33 9.9 8.4 1.2
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Table App B.6. Metric Data for Horse Trail Bedrock Features.

BRF#|Depth (cm) |Axis 1 (cm) |Axis 2 (cm) [L/W Ratio
A001 2.5 12.0 8.2 1.5
A002 3.2 9.5 8.0 1.2
A003 2.0 6.8 6.3 1.1
A004 3.2 8.9 8.4 1.1
A005 2.4 8.6 7.8 1.1
A006 2.5 8.3 6.2 1.3
A007 21.4 15.6 14.1 1.1
A008 2.7 11.2 10.5 1.1
A009 22.9 15.0 12.7 1.2
A010 3.6 18.8 12.1 1.6
AO011 1.4 12.6 9.6 1.3
A012 9.1 12.6 12.6 1.0
A013 1.8 10.6 6.4 1.7
A014 22.8 20.2 14.2 1.4
A015 2.3 9.8 9.6 1.0
A016 0.6 2.1 1.9 1.1
A017 0.8 2.6 2.4 1.1
A018 0.5 2.0 2.0 1.0
B001 3.1 17.7 14.7 1.2
B002 2.9 8.7 8.1 1.1
B003 3.4 7.7 7.4 1.0
B004 4.0 8.5 8.3 1.0
B005 2.3 9.1 8.2 1.1
B006 4.6 9.8 9.2 1.1
B007 1.2 2.7 2.4 1.1
C001 21.8 23.6 13.7 1.7
C002 2.5 11.8 11.0 1.1
C003 2.7 8.6 8.3 1.0
C004 2.3 11.6 8.7 1.3
C005 1.1 6.9 5.0 1.4
D001 2.5 13.0 10.3 1.3
D002 4.5 12.7 11.9 1.1
D003 1.1 9.1 6.4 1.4
D004 2.2 10.6 8.8 1.2
D005 1.1 11.5 9.2 1.3
D006 0.7 9.5 8.3 1.1
D007 0.0 21.3 13.7 1.6
D008 1.2 9.4 9.2 1.0

323



Table App B.6. Horse Trail Continued.

BRF#|Depth (cm) | Axis 1 (cm) |Axis 2 (cm) |L/W Ratio
D009 1.5 14.0 9.3 1.5
D010 1.7 18.3 8.9 2.1
DO11 1.4 14.1 10.0 1.4
D012 4.3 16.6 9.1 1.8
D013 5.3 14.7 10.3 1.4
D014 3.7 14.3 10.2 1.4
D015 2.2 10.4 9.3 1.1
D016 3.4 10.6 8.5 1.2
D017 3.1 13.2 10.4 1.3
D018 2.1 11.8 9.7 1.2
D019 1.6 10.4 9.6 1.1
D020 1.6 10.6 9.9 1.1
D021 1.4 10.2 7.8 1.3
D022 2.1 11.0 9.2 1.2
D023 1.3 8.6 8.3 1.0
D024 1.1 5.4 3.4 1.6
E001 15.6 13.6 13.3 1.0
E002 29.5 18.3 17.7 1.0
E003 14.9 13.6 12.5 1.1
E004 2.4 13.6 7.3 1.9
E005 2.6 9.3 9.2 1.0
E006 4.9 9.6 9.2 1.0
E007 2.3 8.4 7.4 1.1
E008 1.3 7.3 7.2 1.0
E009 3.3 9.2 8.9 1.0
E010 1.2 10.1 5.8 1.7
EO11 21.7 16.5 14.9 1.1
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Table App B.8. Metric Data for Eagle Cave Bedrock Features.

BRF# |Depth (cm)| Axis 1 (cm) [Axis 2 (cm) | L/W Ratio
A001 3.4 22.4 15.8 1.4
A002 1.4 11.7 11.3 1.0
B001 1.0 17.4 9.5 1.8
B002 1.1 15.2 9.4 1.6
B003 0.7 8.3 7.7 1.1
B004 0.6 6.0 3.6 1.7
B005 1.7 11.7 10.8 1.1
B006 1.4 11.0 8.6 1.3
B007 3.9 19.2 17.7 1.1
B008 1.7 12.8 11.6 1.1
B009 4.9 17.6 11.9 1.5
B010 1.8 13.0 11.4 1.1
BO11 12.8 16.4 16.3 1.0
B012 0.6 6.1 5.5 1.1
B0O13 2.2 14.2 14.2 1.0
B014 2.8 11.5 8.5 1.3
C001 1.6 13.0 9.1 1.4
C002 1.5 11.2 6.9 1.6
C003 0.7 8.1 7.7 1.1
C004 2.3 15.9 10.5 1.5
C005 1.6 12.6 9.2 1.4
C006 0.6 11.7 11.4 1.0
C007 1.1 9.4 8.9 1.1
C008 1.5 10.1 8.6 1.2
D001 15.0 27.8 25.1 1.1
M1001 0.7 14.5 10.0 1.4
M1002 3.7 20.7 13.1 1.6
M1003 7.4 17.3 16.9 1.0
M1004 3.7 20.7 9.6 2.2
M1005 0.9 14.0 8.0 1.8
M1006 3.5 13.4 11.8 1.1
M1007 3.8 15.1 11.7 1.3
M1008 2.2 10.1 8.8 1.1
M2001 4.7 13.7 13.2 1.0
T001 4.1 16.6 15.8 1.0
T002 5.0 11.8 11.6 1.0
T003 4.3 8.4 7.0 1.2
T004 2.0 16.3 14.6 1.1
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41VV890

Table App B.9. Attribute Data and Use-wear Observations for Bedrock Features at 41VV0890.

Qualitative Attribute Data

Use-Wear Observations

BRF# Type Opening Profile Base Inclination Rim Walls Base
Rugged with some Same as walls, remnant
A001 |Shallow| Ovoid Dished Concave| Horizontal Gradual rounding and leveling of .
; . pecks visible
high points
Rugged with some
A002 |Shallow| Ovoid Dished Concave| Horizontal Gradual rounding and leveling of | Rugged with rounding
high points
Rugged with di d|Rugged with di d
A003 | Cup Round Conical Tapered | Horizontal | Mostly rounded ueee . Wi r(?un mg anc) Rugged wil rf)un 1ne an
leveling of high points leveling
A004 | Cup Ovoid |Conical/U-Shape| Tapered | Horizontal | Rough but rounded Rlieg\g,:gn‘;llg; ;?;li]:i ;nd Rugged “g‘l;erh(;:;ndmg and

Table App B.10. Metric Data for 41VV0890 Bedrock Features.

BRF# | Depth(cm) | Axis1(cm) | Axis2(cm) | L/W Ratio
A001 2.1 25.1 18.1 1.4
A002 2.3 28.3 20.0 1.4
A003 3.0 9.9 9.6 1.0
A004 3.7 15.2 11.1 1.4

328



41VV75

SPUID 9ABIUOD) paysta PIoAQ Mo[reys 020V
sdwmngq papunol
S[[em se Jwes JWOS UM PI[OAJ] AjIsow [ papunol A[ISOJA uan) 9ABOUOD) [eoruo) punoy dnp 610V
‘paInosqo 10U Y M
payyoad/pa3any suod awmmﬂwww podiny “HW%WWHMUMMNMMM puan patode ] /oaoU0) [eoruo) proaQ dnp 10V
puah 9ABIUOD) paysta PIoAQ Moreyg L1OV
SPUID SABIUOT) paysia Suojq0 MO[leYS 910V
PpajoAd] SMMM Mwusﬂowwwﬂmm MWWMUEW%@MWMMM uan 9ABOUOD) L) proAQ dnp S10V
SPUID SABIUOT) paysia punoy MO[[eyS 14104
[eIUOZLIOH parade [ed1uo) proAQ dnp 1)
uan 9ABOUOD) [edo) PIOAQ dnp 10V
uan 9ABOUOD) [edo) punoy dnp 110V
AJeIPON P9 [BHUD paystd punoy MO[leyS orov
[elu0ZLIOH 9ABOUOD paysta punoy MOo[leyg 600V
SPUIH 9ABIUOD) paysia punoy Mmo[eys 800V
SPUID 9ABIUOT) paysid punoy MO[leyS LOOV
puahH 9ABOUOD) paysta punoy MO[leyS 900V
9)JBIOPOIN 2ABOUOD paysia punoy mo[eys SO0V
uen 9ABOUOD) [edruo) ploAQ dnp 00V
PI[OAJ] AJJsour oI S[[em
PI[OAQ] AISOIN IOMO] ‘UOT)OIOOE [RIOUILL papunoy [eyuoziIoq pazode paysia PIOAQ TeMIOIN 004
Aq pamosqo sem 1oddn)
[eIUOZLIOY 9ABOUOD) paysIq punoy mo[eys 200V
puahH 9ABOUOT) paysta punoy MOo[leyg 100V
aseq s[reAr wryy uoneuIUf aseq yoad SuiuadQ adA, #Ta9d

SUOIIBAIISq() TBIAN-IS()

eje( ANQLYIV dApeend

‘SLAATY 18 S2I1Med,] 00Ipag 10J SUONBAIdSqQ Jeam-9s() pue eje( anquyy "11°g ddy 91qe .

329



PudH 9ABOUOD paysig proaQ Mmofeys | yhov

[BIU0ZIIOH QABOUOD) [Boruo) pIoAQ dnp YOV

PuaH 9ABOUOD) paysig 5u0[q0 Mmoeqs | YoV
PI[oAJ] A[39[dwod s[jem

Po[2AJ] \ﬁumoz REZNY| hﬁoﬁumuoow Jelourix papunoy [eluozLIoHq UQHQQ.N.H [edruo) punoy JeLION 10V
Aq painosqo sjiem 1oddn

Jpuen JABOUOD) [eouo) pIoAQ dnp 0oV

Jpuen 9ABOUO)) [eoo) pIoAQ dnp 650V

puaH 2ABIUOD paysia PIOAQ mofeqs | 8EOV

Jpuen 9ABOUO)) [eoruo) proAQ dnp LEOV

puUan 9ABOUOD) pagsta PIOAQ mofreys | 960V

puen 9ABOUOD) paysig 2040) mofieys | SEOV

puaH 9ABOUOD) paysig PIoAQ mofeys | yEOV

[BJUOZLIOH 9ABOUOD) paysig 2020) mofeys | €0V

[ejuozLIOH JABOUOD paysiq punoy MO[[eyS E0v

uan 9ABOUOD) [eoruo) proaQ dnp €0V

PoRAYT :HMMMMM\M@WMMMMM:om papunox AJISOA [BIUOZIIOH pazode |, [eoruo) punoy JeMION 0E0V

[BIUOZIIOH 9ABOUO)) [Boo) punoy dnp 620V

SpURD 9ABOUOD) pausia punoy mofreys | 870V

PoRAT ﬁ_\,MMMMM_%WMMMMWom popunoy Jpuan) pazode |, [eoro) PIoAQ JBLION LT0V

[eyUOZLIOH 9ABOUOD paysig ProaQ Mmofeqs | 970V

[eyUOZLIOH 9ABOUOD paysig proaQ Mmofeqs | STOV

Jpuen QABOUOD) [Boruo) punoy dnp YOV

pueH 9ABOUOD) pausig punoy mofeys | €20V

Jpuen 9ABOUOD) [eomo) punoy dnp 0V

PueH 9ABOUOD) pausig PIOAQ mofreys 120V

aseq SIeAA wny uoneurpuy aseq JMjoad SuruadQ adAg, #Td4

SUOIIBAIISQ () I1BIAN-IS)

ele(q ANGLIIY dApeNend

‘ponunuo) §LAATY 119 ddy ojqeL

330



U JABIUOD) paysiq punoy MO[eyS %10\
sdwinq pepunox
Po[oAd] Ry - papunoy [eIuoZLIOH paade ], [eoruo) proAQ IeLIOIN 790V
opuen 9ABOUOD) [eoruo) pIOAQ dnp 190V
[eIuoZLIOH 9ABOUOD) paysIq punoy mofreys | 090V
- pajAd] siutod Y5y
payoad/paginy qim padBn yeymotuog Jenpein [eIu0ZLIOH 9ABOUOD) paysIq punoy mofeys | 650V
13
pagsny pag3ny [Enpeio pue Jpuan 9ABOUOD) paysiq proAQ MO[[BYS S0V
Ppa33n1 jeymowog : :
SPUeH 9ABOUOD) paysia pIoAQ mofreys | LSOV
Mpuan pazade, paysia 3uolq0 MO[RyS | 950V
PI[OAJ] AJ3SOow oIk S[[em
Po[oAdT IOMO] ‘UOIAIOIL [BIdUIU papunoy [BIU0ZLIOH patode], [eoruo) punoy IeLIOIN SSOV
Aq painosqo sjrem zaddn
[eIu0ZLIOH 9ABOUOD) paysiq ueaq - 1oYyI0 mofeys | SOV
pueH 9ABIUOD) paysia PIoAQ mofeys 13904
[eIu0ZLIOY 9ABOUOD) paysiq punoy Mo[eys S0V
pueH 9ABIUOD) paysia PIoAQ mofreys IS0V
[eyU0ZIIOH 9ABIUOD) paysia PIoAQ mofreys | 0SOV
[e}UOZIIOH 9ABIUOD) paysia PIoAQ mofeys | 670V
uIdUT SUSH 9ABIUOD) paysia pIoAQ mofeys 870V
[e}u0ZIIOH 9ABIUOD) paysia pIoAQ mofreys | L0V
pueH 9ABIUOD) paysia Suo[q0 mofreys | 9y0V
[[eM 19MO]
UO SAYDIRIIS JOB[q [BOIOA
QWOS YIM PI[IAI AjIsowr
Po[oAd] A8 S[EM SIOYMITD popunoy [ejuozLIoH poxade . heliile) proAQ IBMIOIN SHOV
‘UON_Id0®. [RISUI
£q paInosqo syred swog
aseq SIIeAA wRy uoneuruy aseq Jyoad SumuadQ ELINT #1dd

SUOIIBAIIS() TBIAL-IS()

BlR( INQLIY dApeend)

ponunuo) S/ AATY ‘11°g ddy d1qe],

331



SPRURH 9ABOUOD) paysia proAQ MO[[eYS L8OV
SPULH SABOUOT) pausig PIoAQ MO[[BYS 980V
Riilily) JABOUOD) paysiq punoy MO[[eyS 80V
SPUD SABJUOD pausid PIOAQ MO[IeYS 780V
SPULH SABOUOT) paysta proAQ MO[[BYS £80V
Llilily) 9ABOUOD) [eoruo) pIoAQ dnp 780V
[ejuozIIoq JABOUOD) paysiq punoy MOo[[eyS 180V
=liliTy) 9ABOUO)) [eduo)) punoy dnp 080V
RliliTy) 9ABOUOD) [eoruo) pIoAQ dnp 6L0V
papunoix
P9JQAJ] Jeymawos Kpsow sdwing pasiny [enpein) [ejuozLIoq 9ABOUOD) paysIqQ papunoy MO[[eyS SLOV
[eIUOZLIOH SABIUOD pausid PIOAQ mofreys LLOV
SPUD SABJUOD payusid proAQ MO[IeYS 9LOV
S[[em Se owes S_MMMWMWWNMMMMWom papunoy] =liliTy) patode], [edo)) proaQ dnp SLOV
SPULH SABOUOT) paysig punoy MO[[BYS YLOV
Rlilily) JABOUOD) paysIq punoy MO[[eyS €LOV
RIiliETg) paxade, [eoruo) ploAQ dnp L0V
SPURH SABOUOT) paysta proaQ MO[[BYS 1LOV
EEY) 9ABOUOT) paysta PIoAQ MO[[BYS 0L0V
SPUD SABIUOD pausid PIOAQ Mofreys 690V
SPRULH 9ABOUOT) paysta punoy MO[[BYS 890V
Jpuan QABOUOD) [eoruo)) 391 Aoxany - 1010 dnp LIOV
[ejuozIIoq JABOUOD) [eoruo)) proaQ dnp 990V
SPRURH 9ABOUOD) paysia proAQ MO[[eYS IS4
[BIUOZLIOH SABOUOT) pausig PIOAQ MO[[BYS Y90V
aseq SIeAA wRy uoneuIuy aseq Jyoid SuuadQ adAT, #1949

SUOI)BAIISq() JBIAN-IS)

eje(q INqLIY daneend)

"ponunuo) SLAATY "11°d ddy 9jqe L

332



SUOIJBAIISq ) TBIAN-IS()

eje( ALY dAneNEnd)

paIoyIeaM -y/N seare Y31y Jo SuroAsT popunoy [eIUOZIIO] 9ABOUOD) [eoruo)) punoy dnp s00d
Q[OAd BURAA] oS BuLAGEIM QpunoO BJUOZLIO a1ode BOIUO uno 0AL
Pa[aAd] 03 anp passny papunoy [BIUOZLIOH P L [B31U0D punoy 10A1d 004
paopunox g d
S[[em se oweg Apyis “poroas] ASOW popunoy [ejuozuo |parede ] /eAaeou0)) [eoruo)) proAQ n)H €009
urpunol syurod y3iy
[[e10A0 oS YHM paSSny| Jo Suroad) yim pad3ny pepinod SRUSD SABIMOD paustd punod Mmoneds cood
PopunoI pue pa[oAdY SI
PopuNoY puk PIOAdT | 90eJINS JoBIUl ‘TuLayIEoM popunoy quen 9ABOUOD) paysIqQ punoy Mmo[eys 1009
0} onp pad3ny
Spuen 9ABOUOD paysid PloAQ Mo[[eys SO1vV
EiilieTy) 9ABOUOD) [eo1u0) doip 189y -101)0 dnp YOIV
quen 9ABOUOD) paysiq punoy Mo[[eys oIV
uan 9ABOUOD) paysiq punoy Mo[[eys 01V
SPUID 9ABIUOD) paystd 8uo|q0 Mo[reyg 101V
quen 9ABOUOD) [edo) punoy dnp 001V
uen 9ABOUOD) paysiq punoy Mo[[eys 660V
SpueD 9ABOUOD paysid ploAQ Mo[[eys 860V
SPURD 9ABOUOD) paysta punoy Mo[reyg L6OV
[eIUOZIIO] 9ABOUOD) [eoruo)) punoy dnp 960V
Q[0Ad sduwng papunox QpuNoO puo a1ode BOIUO OA ©}10
Pa[eAd] SUI0S YA PI[OAS] APSOIA papunoy PUusD palode], [B31U0D ploAQ TeLON S60V
Po[eAdT PI[oAS] AISOIN popunoy uen parode ], [eoruo)) punoy dnp 60V
opuan 9ABOUOD) paysiq ueaq ewr -197j0 Mo[[eys €60V
SPUID 9ABOUOD) paysta pIoAQ Mo[reyg w60V
[e3UOZLIOH 9ABIUOD) paysia pIoAQ moreys 160V
J[AD sduwing papunox dpuno pud d1ade BIIUO OA 1110
Pa[eAdT] SWOS UM PI[EAI] AISOIN Papunoy PusD patode,], [edtu0) proAQ HON 060V
[eIUOZIIO] 9ABOUOD) paysiq punoy Mo[[eyS 630V
[eIUOZLIOF] 9ABOUOD) paysiq punoy Mo[[eys 880V
aseq SITeAA wryg uoneurpu aseq djord SuuadQ adAg, #1494

‘panunuo) SLAAIY 11°d ddy a1qeL

333



[eIUOZLIOH paImosqQ (op01) PaIndsqQ punoy IRJIOIN S00D
[eIUOZLIOF] 2ABOUOD) paysiq punoy BOIY PaYoad| +00D
[BIUOZLIOF] parade ] [eouo)) punoy MO[[BYS €000
[eIUOZLIOH 9ABIUOD) [eoruo)) punoy dnp 200D
[eIUOZLIOF] 2ABOUOD) [eoruo)) pIoAQ dnp 100D
M sduinq noi A A n M
S[[em se owes D — papunox AJISoN 9JeIPOIN JABOUOD) paysigq punoy oreys 0z0d
patayieam /N pazayIeam /N papunoy 9JBISPOIN parade ], PaYsI/[eoruo)) pIoAQ MO[[BYS 6109
SUI[OAJ]
S[lem se owres pUE SupUNo: [EIOAQ papunoy 9JBISPOIN 9ABOUOD) paysiq punoy dnp 8109
50 Supunolx N N
passy opuas owos ym pasSny papunoy S[URD 9ABIUOD) pagsia punoy MO[BYS Liod
aseq Je SI[0Y [[BWS PpajeAd syurod ySiH pag3nI jeymowos | [eIUOZLIOH 2ABIUOD [eoro)) punoy j0A1IQ 910d
papunoi
pazayIeam -y/N PpareA9] syurod YSIH . [eIUOZLIOF] 2ABOUO)) [eoruo) punoy 10AI(T s1od
FEINER)
w ajoy pasoypeom uoyorg| PP siutod Y31y 1dniqy apuaD YO [ea1uo) punoy ong | vlod
BA\ SE OUIR papunos opunox AJ3so opua orode BOIUO uno OAT
SII S A[ISOW 218 S[[EM 1m0 pap [ISON (LY p L [edruo) punoy oA crod
BA SE oUIR PaIRAJY syurod dnx opua orode BOIUO uno OAT
STl S UBIY dABY S[[EA 10MO] yaniqy (LY p L [edruo) punoy oA crod
Suipunoa
oo i paddny pagsmy papunoy puen 2ABOUOD) paysiq pIoAQ MO[[BYS 11og
PoIoA9] ApSOIN PI[oAJ] AISOIN popunoy [e1uozLIoH pazade], [eoruo) punoy 1AIq orod
papunoz .
puz papoAd] NSO PO[OAJ] “10BIUT QIAYAN papunoy [BIUOZLIOH] 2ABOUO)) [eoruo)) punoy dnp 6009
papunoz
pue pajoad stuiod G pazayream -y/N papunoy [BIUOZLIOF] 2ABOUO)) [eoruo)) punoy dnp 8009
PI[AdT PapUNoOI UL PI[oAd] papunoy [eIUOZLIOF] 2ABIUOD) PAYSI/[eoruo)) PIoAQ dnp 1009
Q[OA9)
PI[2A] APSOIN - wownﬁzoh w dumg papunoy [eluozZIIOy JABOUOD) paysigq proAQ MO[[eyS 9009
Isegq SITeAA wry uonyeurpuy aseq Jyorq SumuadQ adAg, #Tdd

SUON)BAIISq ) TBIAN-IS)

BlR( INQLIY dapeIend)

‘ponunuo) L AAIY "11°d ddy d1qe],

334



[eIuozZIIO 2ABOUO)) paysiqQ ueog - YO mo[eys 800
[e3UOZLIOH SABOUOD paysta PIOAQ Mo[reyg L00d
[eIuozZIIO 2ABOUOD) [edruo)) pIoAQ dnp 9004
Fuipunol
S[fem se awes swos yum padani ey papunoy [ejuozIIoq 2ABOUOD) paysIqQ punoy mofeys 5009
[eIUOZLIOH SABOUOD) paysta PIOAQ MOoreyg 7004
[BIUOZLIOH el [edtuo) PIOAQ dnp €00d
[BIUOZLIOH pazode |, [eoruo)) punoy dnp 200d
[ejuoZLIOH parade |, [eoruo)) Suo[qQ dnp 1003
Po1oA9 syurod ur [enpei3 ‘sedle
PI[oAdT WBiy owos qum podBny | owos w pafny 9JBIOPOIN 2ABOUOD) PaYsIQ punoy mofeys £00d
QJRISPOIA 2ABOUOD) paysiqQ punoy MO[[BYS 900d
PI[OAQ[ A1k
pajeAa] seale joejur ‘Jurroyieam papunoy 9)BIOPOIN 2ABOUO)) paysiqQ proAQ mofeys $00d
0} anp pag3ny
9JBIOPOIN 2ABOUOD) paysIqQ punoy mofeys 00d
9)RIOPOIN 2ABOUOD paysiqQ Ien3uern) -I9j0 mofeys €00d
SJeIoPON 9ABIUOD paysta PIOAQ MO[leyS cood
9)BIOPOIN 2ABOUOD) paysIqQ punoy mofeys 100d
[eIuozZIIO 2ABOUOD) [eoruo)) punoy dnp €100
[ejuozIIoq 2ABOUOD) paysIqQ punoy mofeys 710D
[eIuozZIIO 2ABOUOD) paysiq punoy mo[eys 110D
[ejuozZIIoq 2ABOUOD) paysIqQ punoy mofeys 010D
[eIuozZIIO 2ABOUOD) ) punoy dnp 600D
[eyuoziioy | (3{001) paIosqQ [eoruo)) punoy IRJIOIN 800D
[eyuozZIIOH 2ABOUOD) paysiqQ punoy MO[[BYS L00D
[ejuozIIoq 2ABOUOD) L) punoy dnp 900D
aseq SITBAA wny uoneurpuy aseq Jmjoag SuruadQ adAy, #1994

SUOI)BAIISQ() TBIAN-IS()

ele(q INQLIY dapeNend)

‘ponunuo) L AAIY "11°d ddy d1qe],

335



[eIu0zZIIOH 9ABOUO)) paysIq punoy Mo[[eyS 0€0d
[ejU0ZLI0OH 9ABIUOD) paysid pIoAQ MO[eYS 620d
POOAT] Surpunox
B — pue syurod y3iy jo SuoAd[| papunol AJSON [eIuoZLIOH JABOUOD) paysiq 3uojqO MO[[eyS 8704
Qwos ypm pagsni e
[eJUOZLIOH SABJUOD paysta PIOAQ Mo[leys L20d
SpURH 9ABIUOD) paysta proAQ MOo[[eyS 9c0d
PI[OAJ] Ik ¢/7 JoMO[ ST WILI J0B)Ul

wounpas £q pamnodsqQ pof3ni ore sem 10ddny | ‘pamony Anso [eIu0zZIIoOH pamosqO paflem ySrens punoy TeyIoN szod
L) SABIUO) paystd pIoAQ MOo[[eys ycod
[eIu0ZIIOH 9ABOUO)) paysiq punoy MO[[eYS €204
[ejuozZIIOH 9ABOUO)) [eoruo)) doiqg 1ea ] - 10O dnp 70l
[eIU0ZLIO 9ABOUO)) paysIq Tem3uelr] - 10410 Mo[[eyS 1203
[ejuozZIIOH 9ABOUOD) [earuo) ploAQ dnp 0204
SPURDH SABIUOD paysia punoy MO[[eYS 6104
[eIu0ZIIO 9ABOUO)) [eoruo)) pIoAQ dnp 810d
[BJUOZLIOH 9ABIUOD paysta PIOAQ MOo[[eys L10d
[elu0ZIIOH 9ABOUO)) paysiq punoy dnp 9104
ouen 9ABOUO)) paysIq puowel( - YO MO[[eyS S10d
umouyu) pamosqO umouwyu) uayoIg umowyu) | +10d
[elu0ZIIOH 9ABOUOD) [eoruo) pIoAQ dnp €104
ouen 9ABOUO)) [eoruo)) pIOAQ dnp z10d
[eIu0ZIIO parode] [eoruo)) uayoIg dnp 1103
IPUDH SABJUOD paysta punoy MOo[[eys orod

symod juasaxd Ewﬁmrw ; .
USHY pajoAd] Yim pasany HMMMJ“_&M:M@M%MDMWM papunoy [ejuoZLIOH palade | [edtuoy punoy no 6004
aseq SIIeAA wry uoneurpuy aseq myoad SuruadQ adAg, #T9d

SUOI)BAIISqQ) ABIAL-IS)

eje(q INqLPY dAneend

"ponunuo) §LAATY “11°d ddy ojqe,

336



SIOAIp
[Tews yim po[oAd] Ajsowr unoi
JuouIpas Aq paInoasqQ oIe s[iem J9Mo] ‘sjods papufio [eluozLIoq paInodsqQ palre ySrens punoy TeyIoN 1509
Pa[oAS] 2woS Yum pagdng K ahaties
Apsou sjrem 1odd)
[B}UOZLIOH SABOUOD) paysta proAQ MO[[eyS 0s0d
[eyuozIIo QABOUOD) paysIq padeys ueoq - 1oy | MmofeyS 6v0d
MPuan 9ABOUOD) paysIq punoy MO[[eYS 870d
[ejuozLIoq JABOUOD) [eoruo)) punoy dnp Ly0d
[ejuozLIoOH 9ABIUOD paysta pIoAQ MO[eYS 9v0d
[BJUOZLIOH 9ABIUOD) paystd pIoAQ MO[[eyS Sv0d
PUIH SABIUOD) paystid punoy MO[[eYS y¥0d
[eIuozIIo 9ABOUOD) paysIq Suo[q0 MO[[eyS cv0d
S se o surpunol no o S Suo 0]
J[em st ouleg auwos M passny papunoy [eJUOZLIOH 9ABIUOD paysta uo[qo MO[eYS wod
[eIU0ZIIOH dABOUOD) paysIq punoy Mo[eys %04
PI[oA?] A[391dwod papunol
JuouIpas Aq paInosqQ | S[em Jomo] ‘SUIoAs] SWOS| ST WILI Ay} JoBIUI [eIUOZIIOF] paInosqQ palreA 1ySrens punoy IeJION 0%0T
ynm paddna sfem soddn) | a1oym ‘parnyoerg
[eIUOZIIOH 9ABOUOD) [earuo) doiqg 1ea ] - 12O dnp 6£0d
PopUNOI oI SIY} JO SaTPa POJOAJ]
quosoxd yood ey | stuod gty yum paddny papunoy [eIUOZIIOH] 9ABOUOD) paysIq papunoy MO[[eyS 8€0d
[eIUOZIIOH] 9ABOUOD) paysIq Suo[q0 Mo[[eyS L€0d
[eIOZIIOH pazode |, [earuo) ploAQ dnp 9¢0d
[BIU0ZLIOH porade, paysid proAQ MOo[[eyS ceod
[eIUOZIIOF] pazode], [eoruo)) punoy dnp €0
[eI0ZIIOH 9ABOUOD) paysiq punoy Mo[[eyS €c0d
[eIUOZLIOH 9ABIUOD paysta PIoAQ MO[leYS [430c!
[e3U0ZIIOH parade], paysta punoy MO[eYS 1€0d
Iseqg SITBAA wry uoneuruy aseq Jyoig SuruadQ adAL, #Ta9d

SUOI)BAIISq() TBIAN-IS]

eje(] INQLIV dApeiend

‘ponunuo) L AAIY "11°d ddy d1qe],

337



[eIUOZLIOH 9ABIUOD) pausta PIoAQ Mofeys SLOA
Jpuan) JABOUO)) paysiq punoy MO[[BYS vL0d
Jpuan) JABIUOD) paysIqQ punoy MO[[BYS €L0d
S[[em Se Jwes sduing papunos papunox A3SOA [BIUOZIIOH patode | | ) punoy dnp 7L0d
SIS UM POOAd]
[BIU0ZIIOH JABOUOD) paysIqQ punoy MO[[BYS 1,09
[e3UOZLIOH 9ABIUOD PaysI/[edruo) proAQ mofreys 0,0
Jpuen JABOUOD) paysiq punoy MO[[BYS 6904
[eju0ZLIoH dABIUOD paysia proAQ Mmofeys 8904
[eIUOZLIOH 9ABOUOD) paysiq punoy MO[[eyYS 1904
[eIUOZLIOH JABOUOD) paysiq punoy MO[[eyS 9904
[BIU0ZIIOH JABIUOD) paysIqQ punoy MO[[RYS 5904
U 9ABIUOD) pPaysia proAQ MOofeys 904
MueD 9ABIUOD) paysia ProAQ mofreys €904
[ejuoZLIOH paode |, [eouo) proAQ dnp 7904
[eIU0ZIIOH JABOUOD) [eouo) punoy dnp 1909
[eIu0ZIIOH JepngaLg Je[n3oLy proAQ BAIY PaYoad| 090d
[eju0ZLIOH 9ABIUOD) paysta PIoAQ MOo[eys 6504
[eIUOZLIOH 9ABOUOD) paysiq proao dn) 8504
[ejuozLIOH JABOUOD) paysiq uayoig MO[eyS LS04
[eyuozLIOH 9ABOUO)) Ppaysiq/[eotuo) Je[n3oLy dn) 9509
sduing sdung papunox
pOPUNOI M PoYosg | Swos mm papd] NSO papunoy [BIUOZIIOH JABIUOD) paysIqQ ProAQ MO[[BYS 5s0d
[eIUOZLIOH 9ABIUOD) paysia PIoAQ mofeys S04
[eIUOZLIOH om0 MmO proAQ BOIV PYo2d| £50d
[eIu0ZIIOH JABOUOD) [eomo) proAQ dnp 7509
aseq sleAA wryg uorneurpouy aseq mjoid SuruadQ adA, #1494

SUOIJBAIISQ () TBIAN-IS()

eje( INQLIIY dAneENQ

‘panunuo) SLAATY “11°d ddy 2]qe],

338



S[lem se oweg PI[RAd] AJrerdwo) papunoy [eju0ZII0H JABOUOD) [edtuo)) punoy dnp 8609
[ejuozIIOH pazade [eo1u0) punoy dnp 1604
[eIu0ZIIOH dABOUOD) paysiq punoy Mo[[eys 9609
dABOUOD) paysiq punoy dnp $60d
[ejuozIIO JABOUOD) [eoruo) punoy dnp 604
Riilily) dABOUOD) [eoruo) punoy dnp €601

[ono) dy} 03 yyoouws ysiod
juaunpas Aq paIndsqO pajoAd] Areduwos seq “popunoy [ejuozLIOq paInosqQ [eoruo) punoy Ie)ION 7604
[BJUOZLIOH L) paysta PIOAQ MO[[eyS 1604
[eIu0ZIIO porade, [eoruo)) proAQ dnp 060d
puan parade ] /oABoU0)) [eoruo) proAQ dnp 680d
SURDH SABOUOT) paysia punoy MO[[BYS 8804
[BJUOZLIOH SABOUOT) paysig proaQ MO[[BYS L80d
SPURH SABOUOT) paysia pIoAQ MO[[BYS 980d
PARAAL SO émﬁ% whmww M_moz MQMMM;MHM | tewozo posade |, [2O1I0D) punoy dny | s80d
[ejuozLIOq dABOUOD) umowun uayorg umowyun | #80d
[ejuozLIOH dABOUOD) umowu uayorg umowyun | €809
[eju0ZII0H dABOUOD) {PaysI( pue [ed1U0) punoy Mo[[eys 7804
[BJUOZLIOH SABOUOD) paysid proAQ MO[[BYS 1804
[BIUOZLIOH SABOUOD) paysid PIoAQ MO[[BYS 080d
[eIu0ZIIOH dABOUOD) paysiq punoy Mo[reys 6L0d

FUIS[OAJ] SWOS

S[lesm se dwes s sdung pepunoy papunoy [ejuozLIOq parade, [eoruo)) punoy dnp 8,04
[eIu0ZIIO 9ABOUOD) paysIq punoy Mo[reys LL0d
[eIu0ZIIO 9ABOUOD) paysIqQ punoy MOo[TeysS 9,09
aseq NN wry uoneuruy aseq dyord SuruadQ adA1, #1949

SUOIIBAIISq() TBIAN-IS)

BJe( INqLY dAneend)

‘ponunuo) SLAATY “11°d ddy oqeL

339



quen dABIUOD) paysIqQ punoy MO[[eYS IYqki
PUSH SABIUOD paysta PIOAQ MOo[eyS (14!
[eluozIIoq dABIUOD [eouo) proAQ dnp 121d
[eIu0ZLIOY AABOUOD) paysiq punoy MO[[BYS 0z1d
uen AABOUOD) [eoIu0)) ploAQ MO[[eYS 6114
Pa[eAd] oEoMMMHMMMWMﬂMaoE [enpein [eIUOZLIOH parade, [eoru0)) proAQ dnp 8T1d
SPURDH 9ABIUOD paysta punoy Mmo[eys L11d
SRULDH 9ABIUOD paysta PIoAQ Mo[[eys !
quen 2ABOUOD) [eoruo)) pIoAQ dnp S11d
[eIu0ZLIO 2ABOUOD) PAYSI/[BoTUO)) punoy dnp pI1d
[eIuoZLIOH dABOUOD) [eoruo) punoy dnp 114
[eIu0ZLIOH dABIUOD) [eoruo)) uayoIg dnp g
[eyuozZLIOH dABIUOD [eouo) punoy dnp 111
[eluozZIIoq dABIUOD paysIqQ punoy MO[[eyS 0114
[eyUOZIIOH AABOUOD) [eoruo)) ploAQ dnp 6014
[eIUOZLIOF] dABOUOD) [eoru0)) punoy dnp 8014
[eIU0ZLIOF] parade, [eoruo)) pIoAQ dnp L0Td
PUH parenogxy paysta punoy MO[eyS 9014
[eIu0ZLIO 2ABOUOD) [eoruo) punoy dnp S0Td
[BIUOZLIOH paxade, [eoruo) punoy dnp y014d
[eIu0ZLIOH dABIUOD paysIqQ punoy MO[[eYS €01d
[ejuoZLIOH paxade, [eotuo) proAQ dnp 7014
[eIu0ZLIOY dABOUOD) [eoruo)) punoy dnp 1014
[eIUOZLIOF] AABOUOD) paysiq punoy MO[[eYS 0014
[eIUOZLIOF] AABOUOD) PaYSI(]/[eoru0)) punoy MO[[eYS 6609
aseq SIIeAA wng uorneuruy aseq Jyoid SuuadQ adAx, #Ta9d

SUOIJBAIIS() TBIAN-IS)

BR( INqLINIY dAnelend)

‘panunuo) SLAAIY 11°d ddy 21qeL

340



[[eM JoMO] Uo
UOIBIO[0D PAl Jurej dWos
‘sdung papunor yum

y3noay) uayorg pojons] AISOW BIE S[EM papunoy [eyuoziioy | ySnoay ] uoyorg PaeA\ Srens punoy Ie}IOIN 800D
IOMO] ‘Po[oAd] A[o3a[dwod
a1e s[rem 1oddn
[eIUOZLIOF] QABOUOD) paysiq punoy MO[[BYS L00D
[ejuoZLIoH ByRo paysid PIoAQ Mmofeys 900D
PUsH QABOUOD) paysid punoy MO[eyS S005
[eIu0ZLIO JABOUOD) paysiq Te[n3ue}oal -10)0 MO[[BYS 00D
[eIUOZLIOF] JABOUOD) paysiq punoy MO[[BYS £00D
. pajeas] sutod ysiy
papunoi sdunq ‘pasyoog owios yum paddn Areq papunox A3so [eIu0ZLIO JABOUOD) paysiq punoy MO[[BYS 700D
[eIu0ZLIOY 9ABOUOD) paysiq punoy MO[[BYS 100D
popunoi aie ‘ P
S[[em se duwes sduwng e ‘podBnI Aeg papunox A3soj [eIU0ZLIOF] QABOUOD) [eoruo)) proAQ no 5004
[BIUOZLIOH pasade], [eoruo) punoy dn) 004
[eIUOZLIOF] QABOUOD) [eoruo)) proAQ dnp €004
sdwng papunoi g
S[fem se dureg qim popEAd] AISOW papunoy [eIu0ZLIO JABOUOD) [eoruo)) punoy nD 2004
[eyuoziIoy parade, [eoruo)) punoy dnp 1004
[eIu0ZLIO] pamoasqO [eoruod ATy - 10YI0 uayoIg dnp {TId
[eIu0ZLIOY paodsqO Y0 uayoIg dnp L21d
SEaIe I9MO[ Ul
9[oAJ] AISO Juosa1d SUOLTLS [EORIIA QINJ0L. BJUOZLIO a1ade J[[em JySreng,/[eoruo no £}10
Po[2AJ AISON aiqussod ‘sdumnq popunos paImoel] [BJUOZLIOH palede], paj[eA JySrens,[esruo) punoy 1e)I0N 9cld
UM PI[OAS] A[ISOIN
sdwng papunor yum
£ N PI[oAI] AJJsow ATk S[iem papunox N N
JUSUWNPas Aq paImdsqo | | 0] “PajoAd] A[1opduod 1w Joejuy [ejuoZLIoH paIndsqo pafe 1ySrens punoy Te}I0N seId
a1e s[rem 1oddn
S[[eA UO UOI)BIO[0d o i N
Po[oAdT po Juie] “papEAS] parmoeI] [eIu0zZLIO porade ], PafeMm 1YSTens, [eoruo)) punoy IeJIOTN y21d
aseq SlleAA wry uoryeuruy aseq Jyoid SuuadQ adA, #1dd

SUOI)BAIISq TBIA\-IS)

eje( INGLV dAneend

‘ponunuo) S/ AATY ‘11°g ddy d1qe],

341



SUOIJEAIISq() TBIAL-IS)

BIR([ ANQLIY dAneEend)

[enpeis syods

S[[em Se ouwes Ppafoa9] syurod ySryg ou0s ‘popunoy [eIUOZLIOH JABOUOD) PaYsIqQ PIoAQ Mo[[eys $10H
[ejUOZLIOH SABIUOD) paysta proAQ Moeys €10H

[eJuOZLIOH SABOUOT) pausia proAQ MO[[BYS CI0H

SpuaD SABOUOD paysta pIoAQ MO[[BYS [TOH

4 sdunq papunox [enpeis sjods
PO[OAd] AISOIN Suw0s Yum papEAS ASop | swos ‘popunoy [eluozIIOq 9ABOUOD) paysiq punoy Mmo[eys 010H
[BIUOZLIOH 9ABIUOD) pausig proAQ MO[eyS 600H
WI0330q 18U AJ[eOII0A
R POJUALIO SUONBLI)S pagSnu
JuawIpas £q paInasqO daap ‘sdumq pepunos | Ayys “pepunoy [ejuoZIIOHq painasqO pallem WSrens punoy TeJIOIN S00H
UNM PI[RAJ] A[ISOIN
N Pa[oA9] syurod PpapunoI awos R R N

S[em se sweg 81y yua possna Are enpes Apsopy [eJuoOZLIoH SABOUOT) pausia pIoAQ o[reys LOOH
[eluozZIIoH JABIUOD paysiq punoy] Mo[eys 900H

[eIU0ZLIOH SABIUO]) paysid proAQ MO[[eYS SOOH

[eIUOZLIOH ABOUOD) PaYsIQ punoy MO[[eys $00H

[eJu0ZLIOH SABIUOT) pausia proAQ MO[[BYS €00H

[BIUOZLIOH 9ABIUOD) paysta proAQ MOoeyS CO0H

sdwnq papunox
PIoAT] S0 YA PAIOASY AISOI [enpein [eluozZIIOH 9ABOUOD) paysIq proAQ Mo[eys 100H
[eluozZIIOH 9ABOUOD) paysIq punoy Mo[[eys 10D
9300d/pagdan PaIRA3 syutod papunol BIUOZLIO QABOUO QS| no MO[[®
Pa3{0ad/passny By yua passna Areq pue [enpein [eJUOZLIOH ABOUOD) paysia punoy 1eys €10D
sdwnq papunox 4 B g
PO S0 YM PAIOAS AISOI papunor AjsoN [eluozIIOH patode, [eoruo)) punoy np 710D
Paaad] syurod Y3y papunol N R R N

S[fem se dweg qim posBnI jeymotog pue [EpeID [eyuozIIoq 9ABOUOD) paysia pIOAQ oeys 110D
[eyuozIIoq 9ABOUOD) [eoruo)) punoy dnp 010D

Spueh SABOUOT) paysta punoy Mo[eys 600D
aseq slieAN wry uoneuruy aseq Jyoag SuruadQ adAJ, #1949

‘panunuo) SLAATY “11°d ddy 2]qe],

342



sdwnq papunol

SUOIBAIIS ) JBIAN-IS)

eje( INQLIY dAnelEnQ

PaIndsqQ g popeAd] ATISOI papunoy [eIU0ZIIOH pamosqQ pallem 1ySrens punoy IeIOIN z1or
[eIU0ZLIOH parade, [ed1uo) proAQ dnp 110f
S[fem Se dwes sduing papuno: popunoy [eIu0ZIIOH parode [eoruo) punoy dnp oror
QWos UM PIIAJ] A[ISOIN : :
S[[em St owes Pa1oA9] Aj939idwio) papunoy [eIU0ZIIOH patode ], [eo1u0) punoy dnp 600
S[fem Se dwes sduing papuno: papunoy [eIU0ZIIOH 9ABOUOD) [eoruo) punoy dnp 8001
QWOS UM PI[IAJ] A[ISOIN : :
sdwnq papunol
S[fem Se dwes S0 UM P[EAS] A[SOI papunoy [eIu0ZIIOH 9ABOUOD) paysiq punoy Mmo[eys LOOf
[euozIIoq 9ABOUOD) [eoruo) punoy dnp 900f
[eIU0ZIIOH 9ABOUO)) [eoruo) punoy dnp S00f
sjurod
PI[oA9] AISOIN 431y Jo 3uroA9] owos papuno1 AISOj [ejuozZLIOH patode ], [eoruo) proAQ Ie}IoIN ¥00(
ynm pagana jeymowios
PI[OAI] AISOIN PI[OAI] ANSOIN [enpein [eIU0ZIIOH 9ABOUO)) paysiqQ PIOAQ Mmo[eys €00f
sdwinq papunol
ySnoxy ussorg S0 UM PA[EAS] A[SOI papunoy [eyuoziIoy | ySnoiy [ udyolg [earuo) pIoAQ IeJIOIN 001
s[rem uo juowsid
PoroA9) are syurod ysiy .
1nq pooad JeymotIOS yoe[q dur-ouny ‘sduinqg pamjoer [eIU0ZIIOH 9ABOUO)) [edruo) punoy TeJIOIN 1001
PIPUNOI YIM PI[OAT
sdwng PI1oA9]
popunoI Y pajas | syurod ySiy swos ‘padSny papunoy SPUIH Byo paysta punoy Mmo[reyg ¥00I
S[fem Se dues PIIRAT Ul [Ppei SEaIe 2flilg) 9ABOUO)) paysIqQ Suojqo Mmo[eys €001
symod y3iy yum pag3ny | owos ur papunoy :
SPUH SABIUOD paysta Suojq0 Mmo[reyg 2001
JpUAD 2ABIUOD [eouo) punoy dnp 1001
JPURH 9ABIUOD paysta pIoAQ Mmo[reyg LTOH
[eIuoZLIOH 9ABOUO)) paysIaQ punoy Mmo[eys | 910H
[BJUOZLIOH SABOUOD paysta PIoAQ Mmo[reyg SI0H
aseq TN wnyg uoneurpouy aseq yord SuruadQ adL], #Ta4d

‘panunuo) SLAATY “11°d ddy 2]qe],

343



S3Jew aInjoerjy

S[[em se dureg POAINO PAYEAS] Aped [enpein [eIu0ZLIOH JABOUO)) paysIqQ proaQ mofeys [ 100ZIN
S[[em Se ouwes PoTOAT omwwo“w& parosd JUON [BIUOZLIOH 1R 1814 puower( -1yl [BaIY PN | T00TIN
opuen paImdsqO pPaysia proaQ dnp S10

opuen paImdsqO paystia proAQ mofreqs | $10M

PuUaD) JABOUO)) paysIqQ punoy MO[[eYS €103

opuaH 1O paysia proAQ moqeqs | 2103

POpUNOI Ud3(q dARY n SBAIR PI[IAJ] SWOS vqu:“oh syred _— SAEOUO)) pogIq punoy AOEYS 103

Jey) syrew yood awog sdwng popunos wos Qwos ‘Tenpeln)

[e3UOZLIOH 9ABOUOD) paystd 3u0[q0 mofreys | 010

[e3UOZLIOH 9ABdUOD paysigq ProAQ mofreqs | 600

[BIu0ZLIOH 9ABOUO)) [eoruo) punoy dnp 8003

[eIUOZLIOH QABOUO)) paysIqQ 3uojqO MO[eysS L00Y

[eIU0ZIIOH OABOUO)) paysIq proaQ MO[leYS | 9003

[EJUOZLIOH parode, paysta proAQ Mmofreys | S00

[eIu0ZLIOH JABOUO)) paysia punoy MO[[_YS 003

[EJUOZLIOH REltile) paysig punoy Mofeys | €003

syrewr yo3d
Qi pasBng Jeymawog Pa[eAdT papunoy [eIUOZLIOH JABOUO)) paysIqQ proaQ MO[eYS 2003
[eIU0ZLIOH QABOUO)) paysIqQ 3uojqO MO[eyS 1003
Jwios Ul paggnt

PoJeAd] PI[RAS] APPSON 1nq ‘popunoy [ejuoziioy | parode/payuwod | 2391dwod 10N - V/N punoy TeJIOIN S10f

juasaid J0N PolRAdT popunoy [eIu0ZLIOH JU9SAId JON [edo) uaorg IeLION A

[eIu0ZLIOH JABOUOD) paysi uayorg MO[[_YS c1or

Iseq SIBAA wry uoneurpouy aseq Jjoad SuruadQ adAy, #1449

SUOI)BAIISq() TBIAN-IS()

eje(] ANQLIPY dAneNEnd)

‘ponunuo) §LAATY 119 ddy ojqeL

344



[BIUOZLIOH el el punoy BAIY Pa¥d2d | [006IN
[BIUOZLIOH el Ferd snoydioury BAIY Pa¥33d | CO08IN
PI[oA9 AJ9391dwod
S[[em Se ouwes SIOUJ0 ‘FuIpunol swos [enpein [eIu0ZLIOH 9ABOUOD) paysiq punoy Mmo[eys | 1008IN
ynm pad3ni syred swog
PUH el paysta punoy BAIY Paydd | [00LIN
[eIu0ZLIOH 9ABOUOD) [earuo) 3uojq0 dnp 1009\
sdwinq papunol
S[[em Se dwes 101 % Qs PO ANSON 1dnuqy [eyuozLIoy palade ], [eotuo) uayoIq - UMOUNU[) IO | T00SIN
(uropowr
Ajqissod) suonerns
S[[em Se dwes [eordIoar snoLreA ‘syrew [enpein) Elilielg) e e Suojq0 YouS 1©d | 100vIN
Noad pa1oness [ews
Qwos ‘pa[aA9] AJareidwo)
(uxapowr Ajqissod) ooejins
s[[em se dueg U0 SUOLTLS [BoLIdIo! jdniqy puan JABOUOD) paysiq proAQ dnp 100€IN
‘syurod y3iy Jo uroA9] : ’
Jwos ypm pagant Apysys
aseq SITeAA wg uoneuruy aseq Jyoig Suruad adA, #Tad

SUOIJBAIISq() TBIAL-IS()

eje(q ANQLIPY dA1ENENO

‘ponunuo) §LAATY “11°d ddy ojqe,

345



Table App B.12. Metric Data for 41VV75 Bedrock Features.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
A001 1.9 11.3 9.9 1.1
A002 3.2 14.7 9.7 1.5
A003 10.9 13.5 10.9 1.2
A004 3.4 12.9 11.6 1.1
A005 3.9 13.4 11.9 1.1
A006 3.1 12.9 10.4 1.2
A007 2.7 15.2 14.2 1.1
A008 2.4 13.8 11.6 1.2
A009 5.5 21.4 17.8 1.2
A010 1.6 16.2 14.8 1.1
A011 5.2 18.2 12.9 1.4
A012 3.3 15.3 12.7 1.2
A013 5.5 15.7 9.8 1.6
A014 2.7 17.8 13.6 1.3
A015 2.7 11.4 8.1 1.4
A016 1.9 22.9 9.8 2.3
A017 2.6 12.2 9.8 1.2
A018 3.0 19.0 11.9 1.6
A019 4.8 12.7 11.7 1.1
A020 1.2 9.6 6.1 1.6
A021 1.7 13.0 8.7 1.5
A022 4.5 11.1 10.5 1.1
A023 1.6 7.3 3.8 2.0
A024 2.7 13.1 10.8 1.2
A025 3.0 20.0 12.0 1.7
A026 3.4 33.5 10.3 3.2
A027 8.7 15.6 12.7 1.2
A028 2.5 11.5 9.7 1.2
A029 3.4 10.4 9.9 1.0
A030 10.9 15.3 12.2 1.3
A031 4.1 17.6 12.5 1.4
A032 1.3 11.3 9.3 1.2
A033 2.2 13.6 10.6 1.3
A034 3.6 23.0 13.9 1.7
A035 1.5 10.5 7.0 1.5
A036 1.1 17.4 8.3 2.1
A037 6.8 12.7 10.9 1.2
A038 1.2 11.5 7.3 1.6
A039 3.1 15.7 9.9 1.6
A040 4.0 13.4 7.7 1.7
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
A041 13.8 14.4 12.4 1.2
A042 2.0 25.4 12.6 2.0
A043 4.6 16.0 11.0 1.4
A044 4.1 19.6 8.1 2.4
A045 13.3 17.4 12.9 1.4
A046 1.6 21.2 8.6 2.5
A047 2.0 11.9 7.7 1.5
A048 4.2 26.1 13.0 2.0
A049 1.9 12.1 6.2 2.0
A050 1.1 10.7 6.3 1.7
A051 2.0 8.2 4.9 1.7
A052 2.7 14.6 11.7 1.3
A053 1.3 11.5 7.4 1.5
A054 2.2 18.9 9.1 2.1
AO055 10.7 17.1 13.3 1.3
A056 1.2 15.5 8.9 1.7
A057 2.5 8.1 4.5 1.8
A058 1.2 7.2 53 1.4
A059 2.1 9.2 9.2 1.0
A060 2.0 10.3 9.9 1.0
A061 3.2 12.8 11.3 1.1
A062 12.1 16.3 15.4 1.1
A063 0.9 10.1 9.9 1.0
A064 2.0 15.8 10.6 1.5
A065 2.2 14.2 7.7 1.8
A066 5.8 14.0 10.7 1.3
A067 3.2 23.8 11.9 2.0
A068 0.9 4.4 4.4 1.0
A069 0.9 7.2 4.2 1.7
A070 1.4 16.0 8.5 1.9
A071 1.7 13.6 10.5 1.3
A072 3.4 14.8 12.3 1.2
A073 1.7 10.4 10.3 1.0
A074 1.2 12.2 9.6 1.3
A075 7.9 16.4 12.4 1.3
A076 2.0 12.5 9.8 1.3
A077 4.9 19.6 10.1 1.9
AQ078 1.2 9.5 8.2 1.2
A079 4.5 17.5 11.5 1.5
A080 4.4 11.3 11.2 1.0
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
A081 1.9 12.1 11.5 1.1
A082 3.6 17.0 13.7 1.2
A083 1.4 17.4 7.7 2.3
A084 2.5 14.8 6.9 2.1
A085 1.9 11.0 11.0 1.0
A086 2.8 13.4 8.5 1.6
A087 2.2 17.9 10.8 1.7
A088 2.3 12.1 11.0 1.1
A089 1.7 11.6 7.0 1.7
A090 11.8 16.1 13.8 1.2
A091 0.6 10.4 4.9 2.1
A092 1.0 8.9 6.5 1.4
A093 1.6 21.3 10.4 2.0
A094 6.7 11.0 9.1 1.2
A095 11.8 17.4 12.9 1.3
A096 7.9 18.6 11.9 1.6
A097 1.0 9.0 7.6 1.2
A098 0.9 10.1 5.9 1.7
A099 1.4 7.7 7.2 1.1
A100 4.4 12.5 12.2 1.0
A101 2.5 14.6 7.9 1.9
A102 0.7 8.3 8.0 1.0
A103 1.0 9.3 8.3 1.1
Al104 3.1 16.6 11.1 1.5
A105 4.1 18.6 14.5 1.3
B001 1.7 11.5 9.3 1.2
B002 1.5 7.8 7.0 1.1
B003 5.3 14.5 10.9 1.3
B004 1.2 3.0 2.6 1.1
B005 2.7 9.2 6.9 1.3
B006 1.1 14.0 6.6 2.1
B007 2.2 9.2 7.0 1.3
B008 8.1 12.4 11.1 1.1
B009 2.7 4.2 3.7 1.1
BO10 3.0 11.2 9.4 1.2
BO11 1.9 14.8 12.3 1.2
B012 3.8 4.9 4.9 1.0
B0O13 1.9 5.2 5.0 1.0
B014 2.5 3.6 3.5 1.0
BO15 1.5 3.9 3.5 1.1
BO16 2.4 4.0 3.7 1.1
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
B017 2.9 9.5 8.8 1.1
B018 1.3 14.6 12.1 1.2
B019 33 12.8 7.3 1.8
B020 1.6 11.1 11.0 1.0
C001 2.9 15.4 10.9 1.4
C002 3.0 9.0 8.3 1.1
C003 1.4 5.9 4.5 1.3
C004 1.2 6.3 6.0 1.1
C005 Broken 14.2 14.0 1.0
C006 3.6 9.3 8.0 1.2
C007 1.0 7.7 7.0 1.1
C008 41.5 19.0 17.0 1.1
C009 3.7 11.8 10.8 1.1
C010 2.1 8.2 8.5 1.0
Co011 1.9 8.5 7.7 1.1
C012 0.8 6.4 6.4 1.0
CO013 3.7 10.9 10.7 1.0
D001 1.4 12.1 11.0 1.1
D002 1.5 17.7 8.9 2.0
D003 2.6 13.7 9.2 1.5
D004 0.6 9.7 9.1 1.1
D005 4.0 15.6 9.2 1.7
D006 1.1 12.5 11.1 1.1
D007 3.2 15.6 15.3 1.0
E001 5.3 26.8 12.0 2.2
E002 4.9 12.8 10.8 1.2
E003 2.9 17.8 12.7 1.4
E004 2.4 13.4 8.6 1.6
E005 1.6 7.9 7.2 1.1
E006 2.3 10.5 8.0 1.3
E007 1.5 10.7 6.8 1.6
E008 1.5 14.9 7.1 2.1
E009 5.1 12.0 10.6 1.1
E010 1.2 9.0 7.1 1.3
EO11 4.0 Broken Broken Broken
E012 2.2 15.3 8.9 1.7
EO013 2.1 13.3 7.5 1.8
E014 1.4 Broken Broken Broken
EO015 1.3 8.9 7.0 1.3
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
EO016 2.1 9.1 7.0 1.3
EO017 1.8 11.9 6.4 1.9
EO18 2.8 16.0 12.8 1.3
EO019 1.8 11.3 11.0 1.0
E020 4.4 17.0 11.1 1.5
E021 1.2 9.1 8.3 1.1
E022 2.7 13.3 9.4 1.4
E023 1.8 11.3 11.2 1.0
E024 1.2 13.0 7.9 1.6
E025 57.5 20.9 20.7 1.0
E026 3.6 18.5 10.4 1.8
E027 1.8 13.7 6.2 2.2
E028 1.5 14.6 8.7 1.7
E029 1.4 11.7 9.1 1.3
E030 1.7 Broken Broken Broken
E031 1.5 8.0 7.4 1.1
E032 2.0 14.1 10.5 1.3
E033 2.3 10.2 8.3 1.2
E034 2.8 12.3 11.6 1.1
E035 1.2 12.5 7.8 1.6
E036 3.6 16.8 12.5 1.3
E037 2.0 16.1 9.2 1.8
E038 2.1 8.7 6.6 1.3
E039 2.2 12.7 10.4 1.2
E040 58.0 22.0 21.2 1.0
E041 1.5 11.4 11.2 1.0
E042 1.4 14.5 8.8 1.7
E043 1.9 14.9 9.8 1.5
E044 1.5 9.7 9.7 1.0
E045 2.3 13.3 8.5 1.6
E046 0.8 9.4 6.6 1.4
E047 2.8 14.2 11.9 1.2
E048 1.3 8.8 8.0 1.1
E049 1.4 13.9 9.5 1.5
E050 1.3 17.6 10.7 1.6
EO051 41.0 22.4 20.1 1.1
E052 3.1 Broken Broken Broken
E053 0.8 Broken Broken Broken
E054 34 Broken Broken Broken
E055 1.7 16.2 9.1 1.8
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
E056 3.9 Broken Broken Broken
E057 1.7 Broken Broken Broken
E058 1.6 Broken Broken Broken
E059 2.0 15.6 10.7 1.5
E060 0.7 Broken Broken Broken
E061 3.0 12.5 11.9 1.0
E062 4.4 12.9 10.8 1.2
E063 1.7 12.2 7.5 1.6
E064 2.6 12.5 8.2 1.5
E065 1.2 11.0 9.7 1.1
E066 1.5 12.2 11.1 1.1
E067 0.9 8.9 8.5 1.0
E068 1.2 10.4 4.9 2.1
E069 2.4 11.0 10.3 1.1
E070 1.7 7.7 6.2 1.3
E071 1.4 6.8 6.6 1.0
E072 6.1 12.1 11.2 1.1
E073 1.1 8.0 5.2 1.5
E074 1.5 9.7 7.6 1.3
E075 1.5 12.8 9.0 1.4
E076 1.0 5.8 4.4 1.3
E077 1.2 6.5 5.0 1.3
E078 5.9 13.5 13.3 1.0
E079 2.0 11.1 10.3 1.1
E080 1.5 9.8 6.3 1.6
E081 1.4 9.8 7.2 1.4
E082 1.2 7.8 6.8 1.1
E083 1.3 6.0 5.1 1.2
E084 1.9 11.3 8.3 1.4
E085 6.9 13.3 12.2 1.1
E086 2.6 11.9 8.6 1.4
E087 2.1 14.5 11.1 1.3
E088 1.5 12.9 11.1 1.2
E089 4.0 17.0 12.1 1.4
E090 3.9 13.6 8.9 1.5
E091 1.1 9.1 8.5 1.1
E092 18.0 17.4 16.0 1.1
E093 7.2 11.0 10.9 1.0
E094 6.3 11.6 11.0 1.1
E095 3.5 10.4 9.5 1.1
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
E096 2.4 12.0 7.2 1.7
E097 7.3 13.5 12.5 1.1
E098 2.8 9.6 9.3 1.0
E099 2.0 9.5 9.3 1.0
E100 2.2 10.5 8.1 1.3
E101 3.1 13.1 10.9 1.2
E102 2.0 Broken Broken Broken
E103 2.7 Broken Broken Broken
E104 11.3 Broken Broken Broken
E105 5.0 18.8 10.6 1.8
E106 2.3 11.6 9.6 1.2
E107 3.6 10.8 7.8 1.4
E108 2.7 10.5 9.8 1.1
E109 2.8 13.8 10.2 1.4
E110 1.7 11.5 9.8 1.2
El11 3.1 10.7 8.3 1.3
E112 3.5 Broken Broken Broken
E113 5.7 Broken Broken Broken
El114 2.0 7.9 7.8 1.0
E115 3.3 12.8 8.9 1.4
Ell6 1.6 12.5 8.3 1.5
E117 1.9 8.7 8.3 1.1
E118 6.8 14.5 12.3 1.2
E119 1.4 12.3 9.3 1.3
E120 0.7 6.6 6.4 1.0
E121 2.4 9.8 7.5 1.3
E122 2.6 14.0 8.0 1.7
E123 2.0 10.3 9.8 1.0
E124 26 Broken Broken Broken
E125 53 Broken Broken Broken
E126 -- Broken Broken Broken
E127 Broken Broken Broken Broken
E128 Broken Broken Broken Broken
F001 3.3 7.5 5.8 1.3
F002 4.0 9.3 8.8 1.0
F003 3.7 9.4 7.4 1.3
F004 3.0 7.9 7.0 1.1
F005 3.7 9.3 6.9 1.3
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
G001 2.2 12.3 11.8 1.0
G002 2.2 12.5 12.4 1.0
G003 1.3 9.5 7.3 1.3
G004 0.4 5.6 2.9 1.9
G005 1.3 9.2 8.1 1.1
G006 2.1 20.9 11.2 1.9
G007 2.4 12.0 10.9 1.1
G008 58.0 Broken Broken Broken
G009 1.7 9.2 8.7 1.1
G010 3.4 8.6 8.4 1.0
G011 1.7 13.8 9.7 1.4
G012 4.9 15.6 10.7 1.5
G013 1.2 8.3 7.5 1.1
G014 2.1 14.6 14.1 1.0
HO001 4.5 20.3 14.6 1.4
H002 1.3 13.4 8.3 1.6
HO003 2.3 14.2 9.0 1.6
HO004 1.2 11.3 10.8 1.0
HO005 1.1 12.4 6.4 2.0
HO006 0.8 6.7 6.1 1.1
HO007 2.2 15.1 8.6 1.8
HO008 57.0 25.0 23.4 1.1
HO009 1.7 13.7 7.8 1.7
HO10 1.7 8.4 8.3 1.0
HO11 2.9 15.0 9.9 1.5
HO12 2.6 17.4 10.8 1.6
HO013 2.0 14.4 10.2 1.4
HO14 1.8 17.1 11.0 1.6
HO15 2.9 20.8 12.9 1.6
HO16 1.1 8.3 6.9 1.2
HO017 1.8 19.4 12.2 1.6
1001 3.2 13.4 11.1 1.2
1002 1.1 20.1 7.9 2.5
1003 2.6 18.9 8.8 2.2
1004 3.5 14.1 12.7 1.1
JOOo1 14.5 Broken Broken Broken
J002 25 15.3 14.0 1.1
JO03 2.0 14.1 9.8 1.4
J004 8.1 17.4 11.3 1.5
JOO05 5.9 Broken Broken Broken
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Table App B.12. 41VV75 Continued.

BRF# | Depth (cm) | Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
JO06 4.1 Broken Broken Broken
JOO7 2.0 Broken Broken Broken
JOO8 5.1 10.8 10.7 1.0
JOO09 43 9.3 8.6 1.1
JO10 3.8 9.7 9.1 1.1
JO11 3.9 7.9 7.8 1.0
JO12 29.5 14.6 14.2 1.0
JO13 1.8 Broken Broken Broken
Jo14 Broken Broken Broken Broken
JO15 8.2 Broken Broken Broken
K001 3.7 21.3 12.5 1.7
K002 1.3 14.1 9.7 1.5
K003 1.7 11.8 9.0 1.3
K004 1.8 9.0 8.9 1.0
K005 2.0 11.9 10.8 1.1
K006 1.7 14.9 10.7 1.4
K007 2.8 14.1 7.4 1.9
K008 6.5 19.5 15.5 1.3
K009 1.0 12.5 8.1 1.5
K010 2.2 16.5 9.5 1.7
KO11 1.6 9.2 8.2 1.1
K012 2.7 15.0 7.8 1.9
KO013 1.9 10.6 9.9 1.1
K014 2.6 19.8 9.7 2.0
K015 2.3 15.0 12.3 1.2
M1001 1.9 22.4 12.7 1.8
M2001 1.1 19.7 11.1 1.8
M3001 3.8 Broken Broken Broken
M4001 2.7 29.2 12.3 2.4
M5001 14.2 Broken Broken Broken
M6001 4.7 Broken Broken Broken
M7001 0.3 11.6 10.1 1.1
M8001 1.1 14.4 13.8 1.0
MS8002 0.4 14.4 8.9 1.6
M9001 2.6 10.7 8.3 1.3
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41VV2010 — Mountain Laurel Shelter
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Table App B.14. Metric Data for Mountain Laurel Bedrock Features.

BRF# | Depth (cm) [ Axis 1 (cm)| Axis 2 (cm) | L/W Ratio
A001 6.3 13.5 11.6 1.2
A002 1.6 11.8 11.2 1.1
B001 3.1 15.4 11.6 1.3
C001 1.7 6.4 6.6 1.0
D001 3.1 10.8 10.8 1.0
D002 2.6 6.3 5.8 1.1
D003 0.6 9.6 8.4 1.1
E001 3.9 15.3 13.1 1.2
E002 1.9 21.9 11.4 1.9
FO001 0.9 5.3 5.3 1.0
F002 0.5 3.9 3.7 1.0
G001 2.5 20.5 12.2 1.7
G002 3.1 21.4 18.1 1.2
G003 1.8 12.4 10.4 1.2
G004 1.1 18.4 9.7 1.9
G005 2.0 12.5 10.3 1.2
G006 1.9 11.5 9.6 1.2
G007 2.8 17.7 10.6 1.7
G008 4.4 11.6 9.1 1.3
G009 0.5 7.5 7.1 1.1
G010 1.4 10.2 10.1 1.0
GO11 1.8 9.4 9.3 1.0
G012 1.1 23.6 11.6 2.0
G013 2.6 10.8 10.0 1.1
G014 7.0 14.8 12.0 1.2
G015 2.2 10.3 8.5 1.2
G016 1.2 18.6 8.2 2.3
G017 2.9 11.7 8.3 1.4
G018 7.5 18.4 17.9 1.0
G019 1.8 12.0 7.4 1.6
G020 1.3 6.8 6.4 1.1
G021 3.4 12.4 10.1 1.2
G022 1.0 10.1 7.6 1.3
G023 1.4 11.9 9.9 1.2
G024 1.4 9.7 6.5 1.5
G025 3.9 11.7 10.3 1.1
G026 0.8 7.1 53 1.4
G027 6.4 13.3 11.9 1.1
HO001 2.5 11.2 6.7 1.7
H002 2.2 8.8 8.7 1.0
HO003 3.9 9.5 9.4 1.0
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Table App B.14. Mountain Laurel Continued.

BRF# | Depth (cm) [ Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
HO004 2.1 7.0 6.0 1.2
HO005 5.6 11.6 9.6 1.2
H006 2.0 8.2 7.8 1.1
HO007 3.1 9.7 9.5 1.0
HO008 2.6 8.6 7.6 1.1
H009 3.2 9.4 7.9 1.2
HO010 2.8 7.1 7.0 1.0
HO11 4.1 9.1 8.4 1.1
HO12 4.6 10.3 8.2 1.2
HO013 4.9 7.7 7.2 1.1
1001 2.1 18.4 9.6 1.9
JOO1 7.0 31.3 24.3 1.2
J002 2.4 14.7 9.1 1.6
JO03 2.4 15.9 12.8 1.2
J004 2.3 13.5 9.3 1.5
JOO5 5.2 10.0 9.4 1.1
JO06 5.8 9.9 9.8 1.0
JOO7 3.1 12.5 11.2 1.1
JOO8 3.9 13.9 10.7 1.3
JO09 1.7 6.4 6.3 1.0
JO10 2.2 12.4 11.3 1.1
JO11 3.6 23.0 12.2 1.9
JO12 1.5 11.5 8.8 1.3
JO13 2.7 12.1 10.3 1.2
Jo14 7.0 13.9 9.3 1.5
JO15 2.3 9.1 7.5 1.2
JO16 9.9 10.6 10.5 1.0
JO17 6.3 10.9 10.8 1.0
K001 4.6 17.2 14.7 1.2
K002 4.2 19.4 9.7 2.0
K003 5.4 16.5 13.3 1.2
K004 6.5 11.3 10.8 1.0
K005 4.2 12.3 11.2 1.1
K006 5.2 11.7 10.6 1.1
K007 4.6 16.8 12.4 1.4
K008 2.3 14.9 8.2 1.8
K009 3.8 10.9 9.5 1.1
K010 3.4 10.1 7.3 1.4
KOI11 2.6 10.0 9.5 1.1
Ko012 5.2 11.2 10.8 1.0
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Table App B.14. Mountain Laurel Continued.

BRF# | Depth (cm) [ Axis 1 (cm) | Axis 2 (cm) | L/W Ratio
K013 2.7 8.1 7.5 1.1
Ko014 7.0 13.3 10.9 1.2
K015 3.4 9.8 8.3 1.2
K016 1.9 9.9 8.6 1.1
K017 3.4 10.8 9.3 1.2
L001 1.6 11.2 7.1 1.6
MO001 4.1 9.3 8.7 1.1
P1001 1.1 21.6 14.0 1.5
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Table App B.16. Metric Data for White Shaman Bedrock Features.

BRF#| Depth (cm) |Axis 1 (cm)|Axis 2 (cm)|L/W Ratio
A001 48.0 15.0 15.0 1.0
A002 1.5 7.0 7.0 1.0
A003 3.0 10.0 9.0 1.1
A004 2 7.0 7.0 1.0
B001 1.5 15.2 13.9 1.1
B002 1.6 16.7 12.0 1.4
B003 56.0 12.0 11.5 1.0
B004 0.7 15.2 7.5 2.0
B005 2.3 14.8 9.8 1.5
B006 1.1 11.5 9.0 1.3
B007 1.7 11.7 10.0 1.2
B008 0.6 12.5 7.7 1.6
B009 7.2 13.6 12.9 1.1
B010 10.4 15.5 15.4 1.0
BO11 7.1 10.4 9.4 1.1
B012 1.8 11.1 7.8 1.4
B013 1.5 16.7 16.0 1.0
B014 24.7 15.0 10.3 1.5
BO15 11.7 16.9 16.1 1.1
BO16 4.2 15.1 11.6 1.3
BO17 4.1 11.3 9.7 1.2
BO18 0.6 6.1 5.8 1.0
B019 1.6 6.7 6.7 1.0
B020 1.2 6.2 5.7 1.1
B021 1.2 6.5 4.9 1.3
B022 1.6 11.3 6.5 1.7
B023 51 15.0 14.0 1.1
B024 8.5 15.1 14.1 1.1
B025 12.9 15.7 14.5 1.1
B026 6.1 11.9 11.6 1.0
B027 2.0 11.2 8.2 1.4
B028 3.9 11.2 9.0 2.0
B029 1.0 7.9 5.3 1.5
B030 1.7 6.2 5.3 1.2
C001 5.7 10.1 9.3 1.1
C002 10.3 12.5 12.3 1.0
C003 7.5 14.2 13.2 1.1
C004 1.4 10.0 8.0 1.2
C005 16.4 15.3 15.1 1.0
C006 2.3 11.2 8.5 1.3
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Table App B.16. White Shaman Continued.

BRF#| Depth (cm) |Axis 1 (cm)|Axis 2 (cm)|L/W Ratio
C007 1.4 11.1 9.8 1.1
C008 0.5 8.0 5.3 1.5
C009 0.8 6.7 6.0 1.1
C010 1.6 9.0 8.9 1.0
Co11 3.1 13.9 10.7 1.3
C012 0.7 8.1 7.6 1.1
Co013 1.5 11.5 8.3 1.4
C014 1.6 11.3 10.6 1.1
CO015 0.8 8.2 8.0 1.0
C016 1.8 7.4 7.0 1.1
Co017 broken broken broken broken
D001 1.1 34.8 13.6 2.6
D002 0.7 12.4 12.4 1.0
E001 broken broken broken broken
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41VV1284 — Running Deer
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Table App B.18. Metric Data for Running Deer Bedrock Features.

BRF# |Depth (cm) | Axis 1 (cm) [Axis 2 (cm) |L/W Ratio
A001 7.0 11.6 11.1 1.0
A002 3.5 10.1 9.1 1.1
A003 10.7 13.9 12.0 1.2
A004 1.3 11.6 10.8 1.1
B001 2.6 15.3 12.9 1.2
C001 2.7 11.9 9.1 1.3
C002 3.5 11.4 12.0 1.1
D001 2.0 14.9 12.1 1.2
D002 2.3 10.4 9.9 1.0
D003 4.4 15.3 10.7 1.4
D004 | Broken 10.2 9.3 Broken
D005 2.9 13.0 10.8 1.2
D006 5.5 12.0 10.9 1.1
E001 0.3 16.5 14.1 1.2
E002 1.3 12.9 13.4 1.0
F001 2.5 9.1 7.1 1.3
F002 4.4 23.9 21.8 1.1
G001 3.5 10.2 8.3 1.2
G002 3.1 9.8 7.7 1.3
HO001 1.0 21.8 17.8 1.2
H002 1.0 14.3 12.6 1.1
HO003 1.0 23.3 21.3 1.1
H004 0.0 16.6 13.6 1.2
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41VV1342 — Ryes ‘N Sons Retreat
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Table App B.20. Metric Data for Ryes ‘N Sons Retreat Bedrock Features.

BRF# [Depth (cm)|Axis 1 (cm)|Axis 2 (cm)|L/W Ratio
A001 8.1 21.4 13.0 1.6
A002 2.8 8.4 8.3 1.0
A003 1.1 9.8 4.7 2.1
A004 1.0 10.0 9.2 1.1
A005 5.7 12.2 12.1 1.0
A006 2.6 8.9 8.2 1.1
A007 7.7 12.8 12.6 1.0
A008 3.6 19.5 11.2 1.7
A009 3.3 12.7 12.3 1.0
A010 5.1 15.7 12.2 1.3
A011 3.0 11.4 7.6 1.5
A012 4.4 Broken Broken Broken
A013 0.4 6.4 5.9 1.1
A014 0.9 6.7 6.1 1.1
A015 0.0 11.4 9.6 1.2
A016 2.2 10.5 8.7 1.2
B001 1.2 6.2 4.5 1.4
B002 2.1 11.2 6.1 1.8
B003 2.8 11.7 10.2 1.1
B004 2.3 14.7 11.3 1.3
B005 2.3 7.8 6.7 1.2
B006 0.9 9.9 8.5 1.2
B007 4.2 16.6 8.9 1.9
B008 2.4 17.4 9.2 1.9
B009 1.9 10.7 9.3 1.2
BO10 2.1 11.2 9.0 1.2
BO11 1.0 8.4 5.8 1.4
B012 2.9 12.5 10.5 1.2
BO13 4.2 18.0 12.3 1.5
B014 2.0 13.0 8.5 1.5
C001 1.5 14.9 13.7 1.1
D001 2.9 12.7 10.8 1.2
D002 2.3 8.6 7.3 1.2
D003 2.5 10.8 9.0 1.2
E001 2.8 20.0 13.4 1.5
E002 2.7 8.8 8.8 1.0
FOO01 6.2 Broken Broken Broken
F002 3.2 18.1 10.2 1.8
F003 3.1 Broken Broken Broken
G001 2.9 11.7 10.7 1.1
G002 4.7 13.8 9.4 1.5
M1001 2.6 10.2 10.0 1.0
M1002 5.1 14.3 11.3 1.3
M1003 1.1 8.5 6.0 1.4
M2001 2.8 13.3 12.7 1.0
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APPENDIX C: CLUSTER ANALYSIS TABLES

The cluster analysis in Chapter 6 resulted in a dendrogram consisting of four
major groups. Since the data set is so large, the feature ID in each cluster is not visible on
the left side of the chart. This appendix provides tables with all feature numbers in each
of the clusters. The features are listed in the order presented on the dendrogram from
SPSS. Further, any features that were misidentified by the discriminant function analysis
in Chapter 6 are noted in the tables. Cluster 1 (Table App C.1) is made of four smaller
groups that are presented in numerical order in the table. These groups are separated by a
horizontal line and different background colors. Cluster 2 (Table App C.2) consists of
one group. Cluster 3 (Table App C.3) consists of two small groups that are separated by
different background colors and a horizontal line. Cluster 4 (Table App C.4) is made up

of three small groups that are designated in the same way as described above.
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Table App C.1. Cluster 1 Feature Identifications.

41VV0075_A001
41VV0075_A002
41VV0075_A003
41VV0075_A004
41VV0075_A005
41VV0075_A006
41VV0075_A007
41VV0075_A008
41VV0075_A012
41VV0075_A013
41VV0075_A015
41VV0075_A017
41VV0075_A019
41VV0075_A020
41VV0075_A021
41VV0075_A022
41VV0075_A023
41VV0075_A024
41VV0075_A028
41VV0075_A029
41VV0075_A030
41VV0075_A032
41VV0075_A033
41VV0075_A035
41VV0075_A037
41VV0075_A038
41VV0075_A039
41VV0075_A040
41VV0075_A043
41VV0075_A047
41VV0075_A049
41VV0075_A050
41VV0075_A051
41VV0075_A052
41VV0075_A053
41VV0075_A056
41VV0075_A057
41VV0075_A058
41VV0075_A059
41VV0075_A060
41VV0075_A061
41VV0075_A063
41VV0075_A064
41VV0075_A065
41VV0075_A066
41VV0075_A069

41VV0075_A070
41VV0075_A071
41VV0075_A072
41VV0075_A073
41VV0075_A074
41VV0075_A076
41VV0075_A078
41VV0075_A080
41VV0075_A081
41VV0075_A084
41VV0075_A085
41VV0075_A086
41VV0075_A088
41VV0075_A089
41VV0075_A091
41VV0075_A092
41VV0075_A094
41VV0075_A097
41VV0075_A098
41VV0075_A099
41VV0075_A100
41VV0075_A101
41VV0075_A102
41VV0075_A103
41VV0075_A104
41VV0075_B001
41VV0075_B002
41VV0075_B003
41VV0075_B005
41VV0075_B006
41VV0075_B007
41VV0075_B008
41VV0075_B010
41VV0075_B011
41VV0075_B012
41VV0075_B013
41VV0075_B017
41VV0075_B018
41VV0075_B019
41VV0075_B020
41VV0075_C001
41VV0075_C002
41VV0075_C003
41VV0075_C004
41VV0075_C006
41VV0075_C007

41VV0075_C009
41VV0075_C010
41VV0075_C011
41VV0075_C012
41VV0075_C013
41VV0075_D001
41VV0075_D003
41VV0075_D004
41VV0075_D005
41VV0075_D006
41VV0075_E002
41VV0075_E004
41VV0075_E005
41VV0075_E006
41VV0075_E007
41VV0075_E008
41VV0075_E009
41VV0075_E010
41VV0075_E012
41VV0075_E013
41VV0075_E015
41VV0075_E016
41VV0075_E017
41VV0075_E018
41VV0075_E019
41VV0075_E021
41VV0075_E022
41VV0075_E023
41VV0075_E024
41VV0075_E027
41VV0075_E028
41VV0075_E029
41VV0075_E031
41VV0075_E032
41VV0075_E033
41VV0075_E034
41VV0075_E035
41VV0075_E037
41VV0075_E038
41VV0075_E039
41VV0075_E041
41VV0075_E042
41VV0075_E043
41VV0075_E044
41VV0075_E045
41VV0075_E046

41VV0075_E047
41VV0075_E048
41VV0075_E049
41VV0075_E055
41VV0075_E059
41VV0075_EO061
41VV0075_E062
41VV0075_E063
41VV0075_E064
41VV0075_E065
41VV0075_E066
41VV0075_E067
41VV0075_E068
41VV0075_E069
41VV0075_E070
41VV0075_E071
41VV0075_E072
41VV0075_E073
41VV0075_E074
41VV0075_EO075
41VV0075_E076
41VV0075_E077
41VV0075_E078
41VV0075_E079
41VV0075_E080
41VV0075_E081
41VV0075_E082
41VV0075_E083
41VV0075_E084
41VV0075_E085
41VV0075_E086
41VV0075_E087
41VV0075_E088
41VV0075_E090
41VV0075_E091
41VV0075_E093
41VV0075_E094
41VV0075_E095
41VV0075_E096
41VV0075_E097
41VV0075_E098
41VV0075_E099
41VV0075_E100
41VV0075_E101
41VV0075_E106
41VV0075_E107

Feature was misidentified as Cluster 2 by the discriminant function analysis.
*Feature was misidentified as Cluster 3 by the discriminant function analysis.
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Table App C.1. Cluster 1 Continued.

41VV0075_E108
41VV0075_E109
41VV0075_E110
41VV0075_E111
41VV0075_E114
41VV0075_E115
41VV0075_E116
41VV0075_E117
41VV0075_E118
41VV0075_E119
41VV0075_E120
41VV0075_E121
41VV0075_E122
41VV0075_E123
41VV0075_F001
41VV0075_F002
41VV0075_F003
41VV0075_F004
41VV0075_F005
41VV0075_G001
41VV0075_G002
41VV0075_G003
41VV0075_G005
41VV0075_G007
41VV0075_G009
41VV0075_G010
41VV0075_G011
41VV0075_G012
41VV0075_G013
41VV0075_G014
41VV0075_H002
41VV0075_H003
41VV0075_HO004
41VV0075_H005
41VV0075_HO006
41VV0075_HO007
41VV0075_HO009
41VV0075_HO10
41VV0075_HO11
41VV0075_H013
41VV0075_HO016
41VV0075_1001
41VV0075_1004
41VV0075_J003
41VV0075_J008
41VV0075_J009

41VV0075_J010
41VV0075_J011
41VV0075_K002
41VV0075_K003
41VV0075_K004
41VV0075_K005
41VV0075_K006
41VV0075_K007
41VV0075_K009
41VV0075_K010
41VV0075_K011
41VV0075_K012
41VV0075_K013
41VV0075_K015
41VV0075_M7001
41VV0075_M8001
41VV0075_M8002
41VV0075_M9001
41VV0124_A002
41VV0124_A003
41VV0124_A004
41VV0124_B001
41VV0124_B004
41VV0124_B005
41VV0124_B006
41VV0124_B007
41VV0124_B00S
41VV0124_B009
41VV0124_B011
41VV0124_B012
41VV0124_B016
41VV0124_B017
41VV0124_B018
41VV0124_B019
41VV0124_B020
41VV0124_B021
41VV0124_B022
41VV0124_B026
41VV0124_B027
41VV0124_B028
41VV0124_B029
41VV0124_B030
41VV0124_C001
41VV0124_C002
41VV0124_C003
41VV0124_C004

41VV0124_C006
41VV0124_C007
41VV0124_C008
41vV0124_C009
41VV0124_C010
41vV0124_C011
41VV0124_C012
41VV0124_C013
41VV0124_C014
41VV0124_C015
41VV0124_C016
41VV0124_D002
41vV0164_A001
41VV0164_A002
41VV0164_A006
41VV0164_B001
41VV0164_B002
41VV0164_B003
41VV0164_B004
41VV0164_C001
41VV0164_D001
41VV0164_D002
41VV0164_D003
41VV0164_D004
41VV0164_D005
41VV0164_D006
41VV0164_D007
41VV0164_E001
41VV0164_E003
41VV0164_E005
41VV0164_E007
41VV0164_P002
41VV0165_A001
41VV0165_B002
41VV0165_B003
41VV0165_B004
41VV0165_B005
41VV0165_B006
41VV0165_B007
41VV0165_B008
41VV0165_B009
41vV0165_B010
41VV0165_B011
41VV0165_B012
41VV0165_B013
41VV0165_B014

41VV0165_B015
41VV0165_B016
41VV0165_B018
41VV0165_B019
41VV0165_B020
41VV0165_B021
41VV0165_B022
41VV0165_B023
41VV0165_B025
41VV0165_B026
41VV0165_B027
41VV0165_B028
41VV0165_B029
41VV0165_B030
41VV0165_B031
41VV0165_B033
41VV0165_B034
41VV0165_B036
41VV0165_B038
41VV0165_B039
41VV0165_B040
41VV0165_B041
41VV0165_B042
41VV0165_B043
41VV0165_B044
41VV0165_B045
41VV0165_B046
41VV0165_B047
41VV0165_B048
41VV0165_C004
41VV0165_C007
41VV0165_C012
41VV0165_C015
41VV0165_C016
41VV0165_C019
41VV0165_C021
41VV0165_C022
41VV0165_C023
41VV0165_C024
41VV0165_C025
41VV0165_D002
41VV0165_D003
41VV0165_D005
41VV0165_D010
41VV0165_E002
41VV0165_E003

TFeature was misidentified as Cluster 2 by the discriminant function analysis.
*Feature was misidentified as Cluster 3 by the discriminant function analysis.
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Table App C.1. Cluster 1 Continued.

41VV0165_E004
41VV0165_E005
41VV0165_E006
41VV0165_E008
41VV0165_E009
41VV0165_E010
41VV0165_E012
41VV0165_E013
41VV0165_E016
41VV0165_E017
41VV0165_E019
41VV0165_E020
41VV0165_E021
41VV0165_E022
41VV0165_E023
41VV0165_E024
41VV0165_E025
41VV0165_F001
41VV0165_F003
41VV0165_F004
41VV0165_F005
41VV0165_F007
41VV0165_F008
41VV0165_F009
41VV0165_P001
41VV0165_P002
41VV0165_P003
41VV0165_P004
41VV0165_P005
41VV0166_A001
41VV0166_A002
41VV0166_A003
41VV0166_A004
41VV0166_A005
41VV0166_A006
41VV0166_A008
41VV0166_A011
41VV0166_A012
41VV0166_A013
41VV0166_A015
41VV0166_B002
41VV0166_B003
41VV0166_B004
41VV0166_B005
41VV0166_B006
41VV0166_C002
41VV0166_C003

41VV0166_C004
41VV0166_C005
41VV0166_D001
41VV0166_D002
41VV0166_D003
41VV0166_D004
41VV0166_D005
41VV0166_D006
41VV0166_D008
41VV0166_D009
41VV0166_D011
41VV0166_D012
41VV0166_D013
41VV0166_D014
41VV0166_D015
41VV0166_D016
41VV0166_D017
41VV0166_D018
41VV0166_D019
41VV0166_D020
41VV0166_D021
41VV0166_D022
41VV0166_D023
41VV0166_E004
41VV0166_E005
41VV0166_E006
41VV0166_E007
41VV0166_E008
41VV0166_E009
41VV0166_E010
41VV0167_A002
41VV0167_B002
41VV0167_B003
41VV0167_B005
41VV0167_B006
41VV0167_B00S
41VV0167_B010
41VV0167_B012
41VV0167_B013
41VV0167_B014
41VV0167_C001
41VV0167_C002
41VV0167_C003
41VV0167_C004
41VV0167_C005
41VV0167_C006
41VV0167_C007

41VV0167_C008
41VV0167_P1001
41VV0167_P1005
41VV0167_P1006
41VV0167_P1007
41VV0167_P1008
41VV0167_P2001
41VV0167_T002
41VV0167_T003
41VV0890_A003
41VV0890_A004
41VV1284_A001
41VV1284_A002
41VV1284_A003
41VV1284_A004
41VV1284_B001
41VV1284_C001
41VV1284_C002
41VV1284_D001
41VV1284_D002
41VV1284_D003
41VV1284_D004
41VV1284_D005
41VV1284_D006
41VV1284_E002
41VV1284_FO01
41VV1284_G001
41VV1284_G002
41VV1284_H002
41VV1342_A002
41VV1342_A003
41VV1342_A004
41VV1342_A005
41VV1342_A006
41VV1342_A007
41VV1342_A009
41VV1342_A010
41VV1342_A011
41VV1342_A013
41VV1342_A014
41VV1342_A015
41VV1342_A016
41VV1342_B001
41VV1342_B002
41VV1342_B003
41VV1342_B004
41VV1342_B005

41VV1342_B006
41VV1342_B007
41VV1342_B009
41VV1342_B010
41VV1342_B011
41VV1342_B012
41VV1342_B014
41VV1342_C001
41VV1342_D001
41VV1342_D002
41VV1342_D003
41VV1342_E002
41VV1342_G001
41VV1342_G002
41VV1342_M1001
41VV1342_M1002
41VV1342_M1003
41VV1342_M2001
41VV2010_A001
41VV2010_A002
41Vv2010_B001
41VV2010_C001
41Vv2010_D001
41VV2010_D002
41VV2010_D003
41VV2010_E002
41VV2010_F001
41VV2010_G003
41VV2010_G005
41VV2010_G006
41VV2010_G008
41VV2010_G009
41VV2010_G010
41VV2010_G011
41VV2010_G013
41VV2010_G014
41VV2010_G015
41VV2010_G017
41VV2010_G019
41VV2010_G020
41VV2010_G021
41VV2010_G022
41VV2010_G023
41VV2010_G024
41VV2010_G025
41VV2010_G026
41VV2010_G027

Feature was misidentified as Cluster 2 by the discriminant function analysis.
*Feature was misidentified as Cluster 3 by the discriminant function analysis.
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Table App C.1. Cluster 1 Continued.

41VV2010_H001
41VV2010_H002
41VV2010_H003
41VV2010_H004
41VV2010_H005
41VV2010_H006
41VV2010_H007
41VV2010_HO008
41VV2010_H009
41VV2010_HO10
41VV2010_HO11
41VV2010_H012
41VV2010_HO13

41Vvv2010_J002

41VV2010_J003
41VV2010_J004

41VVv2010_J005
41VvVv2010_J006

41VV2010_J007
41VV2010_J008
41VV2010_J009
41VV2010_J010
41VV2010_J012
41VV2010_J013
41VV2010_J014
41VV2010_J015
41VV2010_J016
41VV2010_J017
41VV2010_K004
41VV2010_K0O05
41VV2010_KO006
41VV2010_KO0OS
41VV2010_K009
41VV2010_K010
41VV2010_K011
41VV2010_K012
41VV2010_K013
41VV2010_KO014
41VV2010_K015
41VV2010_K016
41VV2010_K017
41VV2010_L001
41VV2010_MO001

41VV0166_B007
41VV0166_A017
41VV0165_B035
41VV0075_B009
41VV0075_B016
41VV0075_B014
41VV0075_B015
41VV0075_G004
41VV0167_B004
41VV0166_D024
41VV0075_A068
41VV0165_B001
41VV2010_F002

41VV0166_A016
41VV0166_A018
41VV0075_B004

41vv0166_E001"

41vv0166_E003"
41VV0075_A041

41vV0124_c00s"
41VV0165_E007"

41VV0075_E092
41VV0167_P1003
41VV2010_G018
41VV0165_C006
41VV0075_A096
41VV0075_J004
41VV0075_A027
41VV0075_A075
41VV0124_B024
41VV0075_A062
41VV0124_B015
41VV0167_B011
41VV0124_B025
41VV0165_E018
41VV0075_A090
41VV0124_B010
41VV0075_A055
41VV0075_A095
41VV0165_EO011
41VV0075_A045

Feature was misidentified as Cluster 2 by the discriminant function analysis.
*Feature was misidentified as Cluster 3 by the discriminant function analysis.
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Table App C.2. Cluster 2
Feature Identifications.

41VV0075_J012
41VV0166_E002
41VV0166_A014
41VV0166_C001
41VV0166_A007
41VV0166_E011
41VV0075_J002
41VV0166_A009
41VV0124_B014

Table App C.3. Cluster 3
Feature Identifications.
41VV0165_B037
41vVv0165_C003
41VV0075_A026
41vVv0124_DO001

41VV0167_D001*
41VV2010_J001

*Feature was misidentified as
Cluster 1 by the discriminant
function analysis.

Table App C.4. Cluster 4
Feature Identifications.
41VV0075_EO051
41VV0075_C008
41VV0075_E025
41VV0075_E040
41VV0075=H008
41vVv0124_A001
41VV0124_B023
41vVvV0124_B003
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