








Figure 7.4 Georefernced LIDAR data taken from Pierce et al. (2007); ‘Postglacial Inflation-Deflation Cycles, Tilting and
Faulting in the Yellowstone Caldera Based on Yellowstone Lake Shorelines’.

During their field season surveys between 2010 and 2011, Drs Hoffman and Hendrix
conducted geomorphological field studies on several formational terraces along the eastern and
southeastern shores of Yellowstone Lake. They recovered a carbon sample from coarse gravels
(23m above datum), that form the proximal part of the Alluvium Creek Gilbert-style delta, that
dates to 10390 +/- 150 B.P. (Hoffman and Hendrix, 2012). Another sample was recovered
nearby in an abandoned stream channel of Columbine Creek. The sample was recovered
somewhere between 3 and 4 meters above datum with an age of 2,795 +/- 55 cal. B.P. A final
carbon sample was recovered 2m above the Clear Creek streambed and positioned approximately

7 m above datum. This sample obtained an age of 4,150 +/- 80 cal. B.P (see table 7.4).
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Hoffman and Hendrix (2012) infer that there were two distinct periods of differing rates
of declining lake levels. The first period indicates a rate of decline between 2.5m/kyr and 3m/kyr
during the time span between 10,390 +/- 150 cal. B.P. and 2,795 +/- 55 cal. B.P. The last period
which spans from 2,795 +/- 55 cal. B.P. to modern times indicates a substantial decrease in rate
to only .5m/kyr. While carbon samples were limited in their analysis to achieve more accurate
interpretations, they do bare some semblances to Locke and Meyer’s model. Hoffman and
Hendrix also note that a Gilbert-style delta near Trail Creek in the Southeast Arm of Yellowstone
Lake share very similar morphologies to Alluvium Creek Gilbert-style delta further to the north
(see figure 7.5). They infer that these similarities indicate that the lake level histories between the
two formations were the same.

In contrast to the findings of Meyer and Locke (1994), and Hoffman and Hendrix (2012),
Pierce et al. (2007) has found that the paleo-shorelines in the northern region of the lake to be
much older (see table 7.5). Pierce et al. (2007) identified seven prominent shorelines in the
northern regions of Yellowstone Lake in the vicinity of Fishing Bridge and Mary Bay. Using
both archaeological evidence and the recovery of carbon samples, he dated the ages of shorelines
to the following; S2, 7.8 to 8 ka; S3, 8.5 to 8.6 ka; S4, 10.7 ka; S5, 12.6 ka; S5.5 13.6 and S6 14
to 14.4 ka. In the northern outlet area, Pierce recorded the heights of S2, S3, S4 and S6 to be 5m,
6m, 8m, and 20 m above lake datum at Fishing Bridge. In the Mary Bay area he recorded the
heights of S5 and S5.5 to be 14 to 17 meters above lake datum.

The findings from Pierce et al. (2007) clearly indicate discrepancies between the other
two lake studies and pose very interesting questions concerning the geomorphological history of
the paleo-shorelines. Despite this the models can be tested by comparing the elevations of

prehistoric sites that were deposited just prior to any observed drops in lake levels.
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Figure 7.5 Satellite Imagery depicting Alluvium and Trail Creek Deltas.




This relies back on the premise that prehistoric sites from a specific time period should not be
associated with younger lake stands. Therefore the prehistoric site data obtained from the North,
Central and Southern Zones, should reflect the lowest occupational point on an exposed
landform (see table 7.2) and will be used to test against the models presented by Meyer and
Locke (1994), Hoffman and Hendrix (2012), and Pierce et al. (2007).

In the northern region of Yellowstone Lake, prehistoric hunter-gatherers have been
occupying this area since the Paleoindian Period beginning about 10,000 years ago. In reference
to table 7.2, site 48YE1558 reflects the lowest elevated site during this period at an elevation of
2,363 meters above sea level. In fact this site is characteristic of the Cody Complex dating back
to the Late Paleoindian Period (10,000 to 8,000 B.P.). In the Early Archaic Period the lowest
lying site is 48YES549 with an elevation of 2,360.1 m and continues to be the lowest lying site in
the area until after the Middle Archaic Period. It is not until the Late Archaic Period that there is
a drop in the elevation of prehistoric sites with 48YE380 that rests at an elevation of 2,359.1
meters. 48YE380 reflects the lowest lying site in the northern study region. The lowest lying site
in the Late Prehistoric Period was again 48YE549 at an elevation of 2,360.1 meters.

In the central region, 48YE678 reflects the lowest lying site obtaining good integrity and
reflects occupations dating to the Late Archaic and Late Prehistoric periods. In the southern most
region of study, 48YE249 reflects the lowest lying Middle Archaic site at an elevation of 2,378
meters above sea level. Prehistoric site 48YE248 reflects the lowest lying site for the Late
Archaic Period with an elevation of 2,357.9 meters. Finally, the lowest lying site that is reflective
of the Late Prehistoric Period is 48YE707 at an elevation of 2,359.8 meters above sea level.
Unfortunately there are an insufficient number of prehistoric sites that obtain ages old enough to

test against the models of Locke and Meyer (1994), and Hoffman and Hendrix (2012).

151



Therefore, comparing archaeological data with the models within these regions is restricted to
the last 5,000 years since the beginning of the Middle Archaic Period.

When the elevations of prehistoric sites from the northern, central and eastern zones were
compared against the lake-shore models, the preliminary analysis indicated that there were no
relationships between prehistoric site data and the shoreline models. In most cases the observed
elevations of prehistoric sites fell well below the expected elevations posed by Meyer and Locke
(1994), Hoffman and Hendrix (2012), and Pierce et al. (2007). The differences were so great that
there was no need to even perform any statistical analyses. It became immediately clear that the
discrepancies observed derived from the inaccuracy of the digital elevation model (DEM) used
to obtain the elevations of prehistoric sites. Even though the DEM reflected a cell resolution of
10m x10m, the resolution was neither high enough nor accurate enough to portray true elevations
of the area. To illustrate this, in figure 7.6 is a georeferenced LIDAR image taken from the report
of Pierce et al. (2007) and overlaid the DEM in the exact coordinate positions. The red contour
lines reflect the modeled shoreline elevations of Pierce et al. (2007), through the digital elevation
model. In contrast, the yellow dashed contours reflect the true positions of Pierce’s shorelines
based on his georeferenced LIDAR data. The differences between the two are unmistakable and
indicate that the DEM serves as a poor medium to test the elevations of prehistoric sites against
any of the models.

Since the DEM proved to be an insufficient medium to test if prehistoric sites reflected
the ages and elevations of paleo-shorelines modeled after Meyer and Locke (1994), Hoffman and
Hendrix (2012), and Pierce et al. (2007), the only course of action available was to compare
prehistoric site data with Pierce’s LIDAR data. This was carried out because Pierce’s LIDAR

data obtains such a high resolution that sub-aerial shorelines and terrace features are clearly
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distinct and visible. In addition the paleo-shorelines are clearly marked in Pierce’s data, thus
preventing any confusion about the ages concerning the geomorphologic features. Thus it can
only be studied in the North where LIDAR data are available.

Comparing the spatial location of prehistoric sites and their associated ages with Pierce's
data will determine if the prehistoric record supports Pierce’s model. Pierce’s model will be
validated if prehistoric sites dating to the Paleoindian Period are above the demarcation of his S2
or S3 paleo-shorelines, since lake levels would have prevented settlements beyond this point.
Locke and Meyer’s model can be tested as well because their S3 shoreline dates to 2 ka and runs
along between the outlet of the Yellowstone Lake and Pelican Creek and is very similar to the
elevations of Pierce’s S2 and S3 shoreline which date to 8 to 8.6 ka. This would indicate that
Pierce’s S3 is the upper bounds for Locke and Meyer’s S2 shoreline. If prehistoric sites are
positioned below the S3 and are older than 3 ka it would nullify Locke and Meyer’s model in the
northern region of lake and further lend support to Pierce’s model. This is based on the premise
that if Locke and Meyer’s S2 is the same as Pierce’s S3 and reflects an age of 2 ka, then it would

be impossible for occupations dating prior to this period to be positioned below this threshold.
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Figure 7.6 This is an image depicting LIDAR imagery from Pierce et al. (2007) superimposed (i.e. georeferenced) over the digital elevation model.
Red contour lines reflect the modeled shoreline elevations of Pierce et al. (2007), through the digital elevation model, while yellow dashed contours
reflects the true position of Pierce’s shorelines.
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Figure 7.7 Map depicting the shorelines modeled by Pierce et al. (2007) along with the distribution of prehistoric sites.
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Results from this analysis have determined that the model proposed by Pierce et al.
(2007) is in agreement with the prehistoric site data in the northern region. This was determined
by comparing the spatial locations of Paleoindian era settlements (48YE1, 48YE1553,
48YE1558 and 48YE304) with Pierce’s S2 shoreline which is dated to be older than 8 ka. All the
Paleoindian era sites in this area are associated with the Late Paleoindian Period lasting from
10,000 B.P. to 8,000 B.P. Most of the diagnostic artifacts associated with this period have been
diagnostically typed to the Cody Complex which was the predominate culture occupying the
outskirts of Yellowstone Lake during this time frame. Not one of these settlements fell below
Pierce’s S2 shoreline, indicating that lake levels restricted settlements to the water’s edge.

In contrast, Locke and Meyer’s model was rejected (at least in the northern region). This
was observed by the presence of prehistoric sites that dated beyond the bounds of their S2 age
(2,000 B.P.), that were spatially distributed below the subaerial shoreline. Since Locke and
Meyer’s S2 shoreline reflects the upper bounds of Pierce’s S3 shoreline, any prehistoric site
older than 2 ka should be restricted above this threshold point. It was observed that prehistoric
sites dating as far back as the Early Archaic Period (8,000 to 5,000 B.P.) were present below this
threshold. In fact 48YE419 a prehistoric site dating to the Middle Archaic Period (5,000 to
3,000) was spatially position well below Locke and Meyer’s S2 shoreline (see figure 7.7). This
clearly indicates that paleo-shorelines in this region do in fact reflect older ages as Pierce et al.
(2007) suggests. It’s also interesting to note that 48YE381 is positioned right on the transition of
Pierce et al’s S2 and S1 terrace. The site obtains a hearth feature dating it to the Early Archaic
Period with a calibrated age of 6,860 to 6,640 B.P. and is the first ever site of its period to be
dated within the park boundaries (MacDonald and Livers 2011; MacDonald et al. 2012). This

site is significant because it indicates that hunter-gatherers were still utilizing this terrace at the
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time of its abandonment while the newly exposed land surfaces positioned below were much too
rocky or unstable to place an encampment.

In summary, it has been observed that utilizing a DEM serves as a poor medium to test
whether or not the elevations of prehistoric sites coincide with proposed lake shore models of
Locke and Meyer (1994) Pierce et al. (2007) and Hoffman and Hendrix (2012). However, it has
been observed that by comparing the spatial distribution of prehistoric sites with georeferenced
LIDAR data (Pierce et al. 2007) the prehistoric site data concurs with Pierce’s paleo-shoreline
model. While the second analysis was restricted to the north region of Yellowstone Lake, the
findings do support the hypothesis that prehistoric sites will be spatially distributed among
shoreline terraces that were exposed only during the time of occupancy. Without more accurate
data reflecting the same level of precision and accuracy as Pierce’s LIDAR data, there can be no
definitive conclusions drawn concerning the varying elevations of subaerial shorelines and their
ages on a lake wide scale. However, since it was observed and demonstrated that the deposition
of archaeological sites still follow the law of superposition, it is expected that sites found
elsewhere and in good context will be restricted only to terraces that were exposed during the
time of deposition.

Final conclusions and interpretations concerning the results from theses analyses will be
presented in chapter eight. The conclusions will also offer an interpretive analysis of paleo-
shorelines on the central and southern zones of Yellowstone Lake. Due to the lack of older aged
archaeological sites along the east shore and the inaccurate digital elevation model, precise
results could not be achieved during the analyses conducted on the central and southern shores.
Therefore only an interpretive analysis is offered concerning the central and southern regions of

Yellowstone Lake. Inferences gained from this interpretation should not be considered as
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resolute fact but rather as circumstantial evidence that lends support to the main hypothesis.
Without an accurate means to achieve accurate results this interpretive analysis is only offered in

the summary section to lend support of the hypothesis.
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Chapter VIII,

Conclusions to Research Questions

Question 1

Were hunter-gatherers actively selecting settlement positions based upon the availability and

access to subsistence resources?

8.1 Conclusion to Research Question One

In Chapter five the primary objective of the research question was to examine if hunter-
gatherers selected their settlement positions based upon the availability and access to subsistence
resources. It was expected that prehistoric settlements would be positioned within patch types
that reflected riparian and grassland vegetative communities. The analyses that were performed
indicated that the results were in strong agreement of the hypothesis which postulated that a
greater density of sites would occur within in or near proximity to riparian and or grassland
patch-types. This is based on the fact that riparian and grassland patches offer an abundance and
well diverse suite of subsistence resources compared to forest patches which incur a deficiency
in the availability and abundance of subsistence resources. Settling near or within these patches
would have greatly increased the rates of encountering both fauna and plant resources , whereby
the time and energy spent foraging is dramatically reduced compared to foraging in forest
patches.

Results from the vegetative model indicated that 86% of all sites that could be relatively
dated fell within patch-types comprised of riparian and grassland patch-types. A Cohen’s-Kappa
test was performed to test the accuracy of the model to determine the significance of these

results. The test received a kappa score of .831, which is considered outstanding and suggests the
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kappa value is in very strong agreement with the model’s outcome. However, the accuracy of the
model diminished slightly when site data relating to unknown aged prehistoric sites was
incorporated. The Kappa value decreased to.714 but still indicated that the score was considered
good and in substantial agreement with the model’s outcome.

The discrepancy with these values can only be attributed to differential site use as noted
by Binford (1978, 1980). Binford argues that hunter-gatherers that are constantly mobile,
(moving from patch to patch exploiting the resources within them and will generally establish
residential base camps that act as the main nuclei for activities (Andrefsky, 2005; Binford, 1978,
1980; Bettinger, 1991). From these residential bases, parties will depart to collect resources and
then return back to the residential base camp. In the event these parties encounter a resource and
begin to extract it, the immediate location becomes classified as a site specific task site. These
types of sites are occupied over very short periods of time and do not allow for substantial
amounts of discarded artifacts to accumulate (Binford, 1978, 1980; Andrefsky, 2005; Chatters
1987; Surovell, 2009).

This suggests that the high tendency for dated prehistoric sites to occur within riparian
grassland patch-types indicates they functioned as residential base camps while sites of unknown
ages reflect site specific tasks. This is substantiated in the archaeological record because sites
that can be assigned to a specific cultural period are identified only through absolute and relative
dating of features and diagnostic artifacts. Typically, for these types of characteristics to
manifest, a site must either be frequented more often or occupied over longer durations of time.
Prehistoric occupations that comprise multiple hearth features or large accumulations of

discarded artifacts are characteristic of residential base camps. Conversely, many of the unknown
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prehistoric sites encompassing Yellowstone Lake are comprised of light lithic scatters suggesting
very short-term occupations and are indicative of task specific sites.

Results concerning the analysis of site densities have also shown that hunter-gatherers
were targeted riparian and grassland patch-types over forest patches. The density rates between
riparian and grassland patch-types and forest patches indicate that dated prehistoric sites were
2.31 times more frequent within riparian and grassland patches than forest patches. However,
this rate decreases to 1.39 when unknown aged sites were incorporated into the analysis. This
suggests that unknown sites are more dispersed compared to dated sites and thus affecting the
overall density. It also supports that differential site use is occurring as previously mentioned.

Additionally, a two sample students T-test was conducted on the densities and revealed
that there was a less than one percent chance that site settlement patterns were randomly
selected. Based upon the results from the analyses, the hypothesis should be accepted. It is clear
that riparian and grassland habitats were favored more amongst hunter-gatherers than forest
patches. This is also supported by the results reflecting the accuracy and significance of the
vegetative model. Establishing settlements within or near proximity to riparian and grassland
vegetative zones would have allowed hunter-gatherers to have access to patches that were
abundant in both fauna and edible plant resources. Bison would have been available within
grassland vegetative zones while deer and elk would have been encountered either along the
peripheral edges of grassland patches or within riparian type vegetative communities. Edible
plants would have been encountered in grassland and riparian vegetative communities but more
so in riparian zones where the soils are more moist and well drained.

Conversely, forest communities are very poor in subsistence resources. This is due to the

lack of biomass production which is required to support more diverse ecosystems. Without
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adequate biomass production to support life of more organisms, humans would have found it
equally difficult to survive in such disparate conditions. While small forest clearings were likely
to have occurred, they may have been passed up in favor of more productive patches. In any
case, forests entirely comprised of coniferous evergreens are essentially inhospitable to humans
due to their lack of biodiversity and inadequate resource base.

Overall, the added benefits of positioning settlements near riparian and grassland
vegetative zones are beneficial for four reasons. First, the search costs (i.e. energy expenditure)
needed to search for subsistence resources are reduced. Secondly, the search time to find
resources is also reduced since high encounter rates are more likely to occur in riparian and
grassland patches than forests. Lastly, individuals have more time to engage in social activities as
well have increased opportunities to enhance their reproductive fitness.

In summary, the benefits of positioning settlements within or near proximity to riparian
grassland patches are highly rewarding for mobile foragers. These areas were apparently a strong
motivating selective factor in influencing the decisions of hunter-gatherers of where to settle in
efforts to obtain subsistence resources. The prehistoric site data has clearly shown this to be the
case and supports the main hypothesis. Forested regions were largely avoided due to the lack of
subsistence resources and high energy costs in acquiring them. Therefore forests communities
had very little selective factor in influencing the decisions of hunter-gatherers in their subsistence

and settlement strategies. In closing, it is recommended that the hypothesis be fully accepted.
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Question 2
If hunter-gatherers were selected site placement based upon the availability and access to
subsistence resources than how did fluctuations in climate regimes affect these settlement

patterns?

8.2 Conclusion to Research Question Two

In Chapter six the primary objective of the research question was to examine if changes
in climate affected subsistence and settlement strategies. The results from the many analyses
performed throughout this study have clearly demonstrated that climate does play a role in the
settlement strategies of hunter-gatherers. This is based on the premise that climate conditions
affect the distribution and productivity of riparian/grassland vegetative communities that support
a myriad of prey species and edible plant resources used for subsistence needs. Any significant
disruptions to the distribution or productivity to these communities ultimately affect the
decisions of where hunter-gatherers must position themselves to intercept these resources.
Increases in riparian/grassland production to any particular patch would present highly favorable
conditions for hunter-gatherers to exploit its resources. In contrast, patches exhibiting decreases
in biomass productions would present unfavorable foraging conditions for hunter-gatherers and
the patch would simply be passed up for a more productive one.

Evidence for these types of behaviors have been observed at the southern and eastern
regions of the Yellowstone Lake as prehistoric site data were compared against the pollen
records of Buckbean Fen and Cub Creek Pond. Here analyses were performed (utilizing IBM’s
SPSS linear regression tool function) to determine if changes observed in the riparian/grassland
pollen counts corresponded to changes in the number of prehistoric sites over time. Both

analyses indicated that there existed a positive relationship between the abundances observed in
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riparian/grassland pollen counts relative to the frequency of prehistoric sites occurring over time.
As riparian/grassland vegetative communities expanded so did the number of prehistoric
settlements and vise versus.

However, the Buckbean Fen analysis demonstrated that this relationship occurred across
broad regions of up to 8§ km from where the core was extracted from in the southern end of the
lake. This suggests that climate conditions were not restricted to a confined region but were more
macro-scale in size. This would suggest the existence of a large homogenous patch that was
controlled by the same environmental inputs observed in the vicinity of Buckbean Fen.
Furthermore it would have enabled hunter-gatherers more flexibility in positioning their
settlements near these resources without having to cluster into tight groupings.

In contrast, the Cub Creek Pond analysis demonstrated the opposite effect and indicated
that climate conditions were more localized. This was observed by substantial increases in
ANOVA f-scores, as sites further than 4 km from the extraction point were applied to the
regression analysis. Upon further inspection of satellite imagery it became apparent the area
encompassing Cub Creek Pond is predominately forested with few clearings comprised of mesic-
wetlands. Since the pollen record indicates that the region became fully forested shortly after the
beginning of the Holocene, these wetlands indelibly became the only riparian/grassland patches
available in the area. These isolated patches would have restricted the mobility of hunter-gathers
and increased their dependency on the production and availability of subsistence resources
therein. Understanding this, it makes sense for prehistoric sites in the immediate region to reflect
the conditions of the isolated patches.

The outcomes of these analyses are highly significant because they both clearly support

the hypothesis that climate affects the productivity and distribution of subsistence resources
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which in turn affect the subsistence and settlement strategies of hunter-gatherers. However, these
results are reflective of localized conditions and do not account for the entire Yellowstone Lake
Basin. Therefore, further analyses were performed to understand what effects climate may have
had on subsistence and settlement strategies on a lake wide scale. This was accomplished by
performing regression analyses between both pollen records and incorporating all prehistoric site
data encompassing Yellowstone Lake.

The results from the analyses indicated that the Buckbean Fen pollen record
demonstrated the strongest relationship between the fluctuations occurring in pollen counts and
the frequency of site counts over time. The results reflected a correlation coefficient of .88 and
an ANOVA f-score of .049 indicating its significance. In contrast, the Cub Creek Pond received
a much lower correlation of coefficient at .599 and an ANOVA f-score of .286. These results
indicated that there was a poor relationship between the fluctuations occurring in Cub Creek
Pond’s pollen counts and the frequency of site counts over time. However, this supports the
notion that the Cub Creek Pond pollen record only reflects localized climate conditions.

Between the two comparative analyses the Buckbean Fen pollen record clearly suggests
that it serves as a best-fit model for climatic conditions spanning the last 12,000 years. This was
validated by the ANOVA f-score of .049 and its correlation of determination of .774. However,
it is interesting to note is that if the Buckbean Fen regression analysis did not consider any of the
sites from the West Thumb region of the lake, the correlation coefficient would be as high as
.953 with an ANOVA f-score of .012. It was determined in previous analyses in chapter VI that
when regression analyses were conducted on separate regional zones around the lake, the entire
West Thumb was incomparable to either of the pollen datasets. It is unclear why this occurs but

it is suspected that this may reflect differences in land use patterns or perhaps substantial
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differences in climate existed in this region. Another suspicion is that this area could reflect
intensive fishing practices, but this is highly speculative and there is yet any substantial data to
support this. Whatever the case may be, the Buckbean Fen pollen record compliments the
prehistoric record quite well and perhaps more so if the West Thumb of Yellowstone Lake was
taken out of the equation.

While the Buckbean Fen analysis served to promote the contention that it served as a
best-fit model of the entire lake region, two other analyses were performed to help validate this
claim. This comprised of the first and second major analyses in Chapter VI. The first analysis set
out to test the significance in climate changes between cultural periods by conducting Chi-square
tests between riparian/grassland and forest pollen counts and their transition into the succeeding
cultural period. The second analysis then tested the significance of site densities between cultural
periods by conducting Chi-square tests between the site densities that either fell within
riparian/grassland or forest patches and there transition into the next period. The results from
both analyses were then compared against each other to determine if the significant changes
observed in pollen counts corresponded to the significant changes observed in site densities.

The comparative analysis indicated that the significant changes occurring overtime
between riparian/grassland pollen types of the Cub Creek Pond pollen record did not correspond
with the significant changes occurring between site densities. The disagreement between these
analytical results further suggests that Cub Creek Pond reflected localized climatic conditions as
opposed to broader regional scales. However, the Buckbean Fen comparative analysis was a
complete match. It indicated that in periods of no significant changes in vegetation, there were
also no significant changes observed in site densities. Likewise, periods experiencing significant

changes in climate were also met with significant changes in site densities.
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This clearly indicates that the analyses do support the hypothesis. First, the regression
analyses used to determine the ANOVA f-score and correlative values, suggests that climate was
a major contributing factor in the distribution and productivity of subsistence resources, which
then affected the settlement patterns of hunter-gatherers. The Chi-square test substantiates this by
indicating that significant changes in the distributions of site densities also coincided with
significant changes observed in vegetation types (i.e. riparian/grassland and forest pollen types).
In other words, major changes in the distribution (i.e. densities) of prehistoric sites only occurred
during major shifts in the climate.

In conclusion it has been proposed that climate did in fact influence the distribution and
production of subsistence resources that in turn played a major contributing role in the
subsistence and settlement strategies of hunter-gatherers. The hypothesis clearly states that, ‘The
distribution and frequency at which sites occur over time will be dependent upon the conditions
of the climate which influences the distribution and productivity of subsistence resources.’ It was
demonstrated that significant changes in climate had occurred, as it was demonstrated through
the significant shifts in vegetation types between riparian/grassland and coniferous pollen types.
These significant changes in vegetative communities then had substantial implications on
settlement patterns. This was observed through significant changes occurring in prehistoric site
densities, which indicates that the distributions of prehistoric sites were either expanding or
contracting in size (i.e. territorial range) depending upon the availability and production levels of
subsistence resources. Finally, it was demonstrated through regression analyses, that fluctuations
in climate were directly associated to the varying changes in site count frequencies over time. In

closing, these assessments clearly support the main hypothesis and it is therefore accepted.
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Question 3

Do the spatial locations of sites along the z-axis (elevation) reflect the fluctuations of lake
levels over time caused by the inflation and deflation cycles of the Sour Creek and Mallard Lake

resurgent domes?

8.3 Conclusion to Research Question Three

In Chapter 7 the primary objective of the research question was to determine if
prehistoric sites corresponded to fluctuating lake levels driven by inflation/deflation cycles of
caldera breathing. It was postulated that prehistoric sites should be spatially distributed among
shoreline terraces that were exposed above lake levels during the time of occupancy. This would
suggest that archaeological material that was deposited during a period in time when lake levels
were high should not be found among shoreline features that reflect younger lake stands. The
exception to this rule would be archaeological deposits that were removed from their original
stratigraphic contexts either through erosional or anthropogenic processes. To test the
hypothesis, prehistoric site data was tested against three models proposed by Locke and Meyer,
(1994), Pierce et al. (2007) and Hoffman and Hendrix (2012).

In the northern region of the Yellowstone Lake it has been demonstrated that Pierce’s
model compliments the prehistoric site record. This was observed with prehistoric occupations
dating to the Late Paleoindian Period being restricted only to Pierce’s S2 shoreline which reflects
lake levels approximately 8,000 years ago. The significance of this suggests that the general
hypothesis is true since prehistoric sites obtaining ages older than 8 ka and exhibit intact contexts
do not fall below the S2 shoreline. When the prehistoric data was compared against Locke and

Meyer’s model in the northern region, prehistoric sites were found to be positioned out of bounds
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of the ages ascribed to subaerial shorelines. This discrepancy was observed with the presence of
prehistoric occupations dating as far back to the Early Archaic Period ( 8,000 B.P.-5,000 B.P.)
positioned below Locke and Meyer’s S2 shoreline which reflects the approximate height of
Pierce’s S3 but with an assigned age of 2 ka.

However, if we were to compare the models of Locke and Meyer (1994) and Hoffman
and Hendrix (2012) against the limited archaeological data in the central and southeastern
portions of lake, it can be inferred that the models are in partial agreement with the
archaeological record and cannot be rejected. This inference is primarily supported by
archaeological evidence in the vicinity of Clear Creek. Prehistoric site, 48YE678 is positioned
on a low-lying terrace about 2 -2.5 m above datum and is actively being cut by high lake levels.
Carbon samples collected from hearth features at this site obtained dates just near 1,500 B.P.;
right at the transition between the Late Archaic Period and Late Prehistoric Period. Comparing
the elevation and age of this site with the age and elevation of the Columbine Creek carbon
sample, 10-CO-100 (2, 797 +/- 55 cal. B.P./// 3m above datum) (Hoffman and Hendrix 2012),
the rate of declining lake levels is very similar to the rate of change posed in the last three
thousand years of Hoffman and Hendrix’s model. In Hoffman and Hendrix’s model the rate of
decline is .35kyr relative to 2011 field season lake levels ( 2m above datum), while the rate of
lake level decline at 48Y 678 is .33m/kyr relative 2011 field season lake levels. This suggests that
the elevation of 48YE678 is in congruence with their model and supports their findings.

Additionally, prehistoric sites distributed further up the Clear Creek stream valley atop a
high terrace bench may indicate the presence of Middle Archaic occupations (pending MY AP
2011 field analyses). This may indicate that lake levels were much higher prior to 3,000 B.P.

This is supported from radio-isotopic analysis of carbon extracted (carbon sample 10-CC-10)
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from a test pit just 2 m above the modern level of the Clear Creek streambed (7m above lake
datum), dated to 4,150 +/- 80 cal. B.P. (Hoffman and Hendrix, 2012). Interestingly, Locke and
Meyer have identified terraces in this region to be of the same approximate age and elevation
(see Locke and Meyer, 1994, Figure 4) indicating that lake levels were high during this period
over 4,000 years ago. The relationships between Locke and Meyer’s findings and those of
Hoffman and Hendrix (2012) would indicate that the carbon collected from these deposits was
likely deposited in a lacustrine environment. Therefore, it would indicate that lake levels were
high enough to restrict occupational settlements on the higher elevated terrace benches situated
upstream from the confluence of Clear Creek and Yellowstone Lake.

While there are no occupational settlements that reflect older time periods, there is no
way to test both models against archaeological data beyond 4,000 years ago. However, Hoffman
and Hendrix (2012) noted that between the Alluvium Creek delta and the Trail Creek delta, both
are very similar to each other in their morphologies. Both indicate the same elevations in slope
break and the transition from delta top to the delta front (Hoffman and Hendrix, 2012). Hoffman
and Hendrix (2012) interpret that these similar morphologies suggest that both areas experienced
very similar lake histories. It also suggests that paleo-shorelines become more stabilized between
Clear Creek and Trail Creek compared to the substantial deformations observed in the northern
regions at Fishing Bridge or Mary Bay. Understanding that northern shores are influenced more
by caldera breathing and experience more deformation processes than anywhere else around the
lake, it would be acceptable for Locke and Meyer’s and Hoffman and Hendrix’s models to be
more applicable where deformation processes are not so strenuous on land surfaces.

The formational processes of Yellowstone Lake’s subaerial shorelines are highly

complex with lots of questions yet to be answered. With inflation and deflation cycles affecting
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the northern regions or elsewhere where hydrothermal or volcanic activity is prominent, the
deformation of shorelines is highly variable. As a result, models must be developed for specific
areas to account for these processes. However, the archaeological record is in support of the
hypothesis that prehistoric sites will be spatially distributed among shoreline terraces that were
exposed prior and during the time of occupancy. In the northern portion of Yellowstone Lake
near the outlet, paleo-shorelines reflect older ages than previously thought. In contrast, as
shorelines progress further away from areas immediately impacted by caldera breathing, the
shorelines reflect ages similar to Locke and Meyer (1994) and Hoffman and Hendrix, (2012).

In future archaeological investigations it should be considered that intact archaeological
sites older than 8 ka will only be found above Pierce’s S2 in the northern region of the lake.
Younger occupations may be found below or above the S2 but generally most are positioned
above the S2. It’s unclear why the majority of these younger occupations occur above the S2 but
the terrace may reflect more stabilized living surfaces in comparison to the much younger
terraces. Erosion may be another major cause why so few sites are identified below the S2. This
results from increased wave activity during storm surges where waves actively cut away at the
soft sediments of terraces causing prehistoric sites to erode into the lake.

Archaeological investigations conducted in the southern portions of the lake should
consider the models of Locke and Meyer (1994) and Hoffman and Hendrix (2012). Despite the
limited archaeological evidence to lend stronger support for the models, the data available does
support them. However, without the presence of older archaeological sites dating beyond the
Late Archaic Period (3,000-1,500 B.P.), testing these models on the basis of archaeological data
alone will be difficult. Despite this, the geomorphological analyses conducted by Hoffman and

Hendrix (2012) do support similar interpretations made by Locke and Meyer (1994) in the
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eastern central and southeastern portions of Yellowstone Lake. These similarities are significant
and suggest that both could serve as useful models in these areas.

It is unknown how the models presented in this study will compare against other regions
of the lake. Without the use of a precise and accurate digital elevation model, the exact
elevations of prehistoric sites (relative to the lake datum at Fishing Bridge) cannot be
ascertained. Precision is an absolute must, especially when dealing with one meter differences in
elevations amongst paleo-shorelines. These differences in height can be very significant and may
reflect differences in age that may vary from just a few centuries to a thousand years or more. In
future studies concerning the genesis of paleo-shorelines it is recommended that either LIDAR or
high precision GPS units be used in mapping both the elevation of prehistoric sites and the
profiles of sub-aerial shorelines in addition to traditional geomorphologic analyses. In closing,
the models thus far are considered applicable to the northern, eastern and southeastern portions
of Yellowstone Lake and give us new insight on the complexities of the geological processes that

are still undergoing today.
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8.4 Final Summary

Since the close of the Late Pleistocene, the Yellowstone Lake Basin has been an
important region for hunter-gatherers that has provided abundance and diverse subsistence
resources. Bison, the largest land mammals in North America forage freely for the alpine grasses
in the Hayden Valley just north of Yellowstone Lake. Deer, elk and waterfowl are abundant in
the Pelican Creek Valley, juxtaposed to the northeast shores of the lake while they are also found
in riparian and mesic-meadows found elsewhere around the lake boundaries. In large meadow
clearings, vast fields of flowering plants important for their carbohydrates grow in vast droves.
Together, the diversity of plant and animal life found throughout the lake basin would have been
a primary selective factor in influencing the decisions of mobile foragers to occupy and exploit
the subsistence resources in this region.

It has been demonstrated in this thesis that the subsistence and settlement strategies of
hunter-gatherers were based on the abundance and availability of subsistence resources. These
strategies comprised of positioning settlements either within or at least very close proximity to
riparian and grassland patches. These patches offer key advantages over forested patches. First,
increased encounter rates of subsistence resources would have reduced the search times in
acquiring resources. Secondly, increased encounter rates would also require less energy
expenditures in obtaining resources. Lastly, the saved time and energy allowed individuals to
participate in group activities or perhaps devote more time towards enhancing their own

reproductive fitness.
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On a macro-evolutionary scale it was demonstrated that climate change played a major
role on the subsistence and settlement strategies of hunter-gatherers. Disturbances in the climate
were observed by the increasing or decreasing rates of pollen counts between riparian/grassland
and forest pollen types. Fluctuations observed with riparian and grassland pollen counts had a
direct relationship with the frequencies observed in prehistoric site counts. This demonstrates
that disturbances in biomass production affected the availability and abundance of subsistence
resources that in turn affected the subsistence and settlement strategies of hunter-gatherers.
When subsistence resources declined due to diminishing biomass productions, hunter-gatherers
responded by seeking more productive patches. In contrast, when subsistence resources became
more productive, hunter-gatherers intensified their efforts in exploiting these resources by either
frequenting the area more often or occupying sites over longer durations of time.

This thesis also suggests associations between archaeological deposits and paleo-
shorelines of Yellowstone Lake. In the northern portion of Yellowstone Lake the spatial
distribution of archaeological sites correlated with the shoreline model proposed by Pierce et al.
(2007). Pierce’s model was based on high precision mapping using LIDAR and dating shoreline
features from collected carbon samples. It was observed in this thesis that archaeological site
data did in fact concur with the findings of Pierce et al.’s (2007) LIDAR study and supports his
model for shoreline deformation in the northern region of Yellowstone Lake. Unfortunately, with
no available data to accurately ascertain the precise elevations of prehistoric sites, further
analyses could not be conducted to accurately determine the elevations of past lake levels. This
discrepancy resides in the digital elevation model which does not achieve the accuracy needed to

obtain precise elevation data for the prehistoric site data or for the elevations of paleo-shorelines.
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However, in a stratigraphic context, prehistoric sites in the central and southern shores
along the east flank of Yellowstone Lake do concur with the shoreline models presented by
Locke and Meyer (1994) and Hoffman and Hendrix (2012). This was observed in the Clear
Creek region, where potentially older Middle Archaic sites are positioned atop higher terraces
which Hoffman and Hendrix (2012) interpret from carbon dating were the only exposed
landforms prior to 4,000 years ago. In addition, prehistoric sites obtaining intact stratigraphic
contexts and dating to or beyond the Middle Archaic Period have yet to be identified in the lower
terraces closer to the lake’s edge.

It was also determined that hearth features identified from 48YE678 situated on lower
terraces near the confluence of Clear Creek and Yellowstone Lake reflected the estimated lake
levels presented in Hoffman and Hendrix’s model. At Columbine Creek they had dated a low-
lying terrace to be approximately 2.8 ka and 3 m above datum and estimated a declining lake
level rate of .35m/kyr which corresponded with the rates observed from 48YE678 at .33m/kyr.
This indicates that lake levels were at the approximate predicted height according to Hoffman
and Hendrix’s model. It also indicates that lake levels were only slightly higher than today’s
modern lake levels which can fluctuate up to a meter or more due to seasonal variations in lake
levels.

The evidence observed from the Clear Creek Valley demonstrates that in a stratigraphic
context the supposition of archaeological sites coincides with the dated shoreline models of
Hoffman and Hendrix (2012). Furthermore, since the findings of Locke and Meyer (1994) are
very similar to Hoffman and Hendrix’s investigations in the central and southern regions of
Yellowstone Lake, it would be safe to argue that Locke and Meyer’s shoreline model also

validates the stratigraphic contexts of archaeological sites in the central and southern regions.
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Despite the deformational in-congruencies between paleo-shorelines in the northern and
central/southern regions of Yellowstone Lake, the superposition of archaeological sites do
indicate that they are only associated with surface features that were exposed above lake levels
during the time of occupancy.

However, these outcomes indicate that Pierce et al.’s (2007) model of the northern
shorelines is mutually exclusive to those of Locke and Meyer (1994) and Hoffman and Hendrix’s
(2011) shorelines positioned in the eastern and south eastern regions of the lake.

This indicates that major tilting of shorelines is occurring in the northern region where
deformational processes are more pronounced due to the effects associated with Caldera
breathing. In contrast shorelines that are further away from the Sour Creek resurgent dome are
hardly affected if at all by caldera breathing and appear more uniform across broader regions.

In conclusion, the results from all the analyses presented throughout this thesis are in
agreement with the hypotheses proposed. It was determined that hunter-gatherers were
positioning their settlements within riparian/grassland patches that offered greater abundances of
subsistence resources than forest patches. It was then determined that shifts in climate affected
the productions of resource patches which in turn influenced the decisions of hunter-gatherers to
either reoccupy or proceed to a more productive patch. Lastly, it was determined that the
superposition of archaeological sites exhibiting intact contexts can be used as indicators of past
lake level heights despite the availability of more precise data.

In closing, it will be very interesting in future research to apply similar behavioral
ecological models elsewhere in Yellowstone National Park to understand where hunter-gatherers
were positioning their settlements in relation to subsistence resources and how these practices

changed over time. Finally, future geomorpholocal studies are needed to understand the full
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scope of the deformational processes occurring with paleo-shorelines around Yellowstone Lake.
However, due to the large extent of area the lake covers, the research needed will be expensive.
It is recommended that in future studies precision GPS and mapping techniques be utilized to
achieve greater accuracies in determining the elevations of archaeological sites and paleo-
shoreline features. With this data, inference could then be made to associate the ages of

archaeological sites in relation their superposition of paleo-shorelines.

177



References

Achenbach, J.
2009. When Yellowstone Explodes. National Geographic, August (2009) ,p.56-59.
National Geographic Society.

Adams, J.S.
2011. Crescent Hill Chert: A Geological and Cultural Study of a Raw Material
Procurement Area in Yellowstone National Park, Wyoming. . Masters thesis. Department
of Anthropology University of Montana, Missoula, Montana

Andrefsky, W. Jr.
2005. Lithics Macroscopic Approaches to Analysis 2" edition. Cambridge University
Press. New York.

Andrews, G., Branney, M.J., Bonnichsen, B., and McCurry, M.
2007. Rhyolitic Ignimbrites in the Rogerson Graben, Southern Snake River Plain
Volcanic Province: Volcanic Stratigraphy, Eruption History and Basin Evolution.
Bulletin of Volconology, (2008) vol. 70 pp. 269-291. Springer-Verlag

Bettinger, R. L.
1991, Hunter-Gatherers: Archaeological and Evolutionary Theory. Plenum Press, NY

Binford, L.R.
1978. Dimensional Analysis of Behavior and Site Structure: Learning from an Eskimo
Hunting Stand. American Antiquity. (1978) vol. 43, no. 3, pp. 330-361

1980, Willow Smoke and Dogs’ Tails: Hunter-Gatherer Settlement Systems and
Archaeological Site Formation. American Antiquity. (1980) vol. 45 pp. 4-20.

Binford recognizes that there are two types of foraging continuums; foragers and
collectors. He discusses the various mobility strategies that these hunter-gatherer groups
employ.

Baumler, M.
(Personal communication 2011) Montana State Historic Preservation Officer.

Bergman, C., Fryxell, J., Gates, C., and Fortin, D.
2001. Ungulate Foraging Strategies: Energy Maximizing or Time Minimizing? Journal
of Animal Ecology, vol. 70, No 2, (Mar., 2001), pp 289-300, British Ecological Society,

London, England
Bird, D.W. and James O. F.

2006. Behavioral Ecology and Archaeology. Journal of Anthropological Research.
(2006) vol. 14 pp. 143-188

178



Bleed, P.
1986. The Optimal Design of Hunting Weapons: Maintainability or Reliability.
American Antiquity. (1986) vol. 51 no. 4 pp.737-747

Boggs, S. Jr.
1992. Petrology of Sedimentary Rocks. The Blackburn Press. Caldwell, NJ

Boyd, F. R.
1961. Welded Tuffs and Flows in the Rhyolite Plateau of Yellowstone Park, Wyoming.
Geological Society of America Bulletin. vol. 72 pp. 387-426 Geological Society of
America

Cannon, K.P.

1990. Report of an Archeological Survey of the Eastern Entrance Highway, Yellowstone
National park, Wyoming. Midwest Archeological Center, National Park Service, Lincoln,
Nebraska.

1995. Archeological Inventory and Testing of Selected Areas for Fishing Bridge
Campground Relocation, HUDAT, and Lake YPSS Service Station Development Projects,
Yellowstone Nation Park, Wyoming. Technical Report No. 34, Midwest Archeological
Center, Lincoln, Nebraska.

Cannon, K. P. Kenneth L.P., Stormberg, P. and MacMillion,M.V.
1994. Archeological Investigation Along the Fishing Bridge Peninsula, Yellowstone
National Park, Wyoming: The Archeology, Geology, and Paleoenviroment. National
Park Service, Midwest Archeological Center. Ms. On file, National Park Service,
Midwest Archeological Center, Lincoln, Nebraska.

1996. Archeological Investigation Along the Arnica Creek to Little Thumb Creek Section
of the Grand Loop Road, Yellowstone National Park, Wyoming. Midwest Archeological
Center, National Park Service, Lincoln, Nebraska.

Cannon, K.P. and Patrick, P.
1993. Post-Fire Inventory and Evaluation in Yellowstone National Park, Wyoming: The
1989 Field Season. National Park Service, Midwest Archeological Center, Technical
Report 24, on file, National Park Service, Midwest Archeological Center, Lincoln.

Carlisle, K.
2007. Central Place Foraging and the Winter Village: a Settlement Pattern Analysis in the
Lower Salmon River Canyon in Idaho. Master of Arts Thesis, Oregon State University,
OR.

Charnov, E.

1976. Optimal foraging, the Marginal Value Theorem. Theoretical Population Biology
9:129—136.Academic Press, London

179



Church, T.R., Brandon, J., and Burgett, G.R.
2000. GIS Applications in Archaeology: Method in search of Theory. In Practical
Applications of GIS for Archaeologists: A Predictive Modeling Kit. Edited by Westcott,
K.L, and R. J. Brandon. Taylor & Francis, London and New Y ork.

Christiansen, R.L., Foulger G.R
2000. Geology of Yellowstone National Park, The Quaternary and Pliocene Yellowstone
Plateau Volcanic Field of Wyoming, Idaho, and Montana, by Robert L. Christiansen.
Professional Paper, U.S. Geological Survey. Menlo Park, Ca.

Christiansen, R.L., Foulger, G.R., Evans, J.R.
2002. Upper-mantle Origin of the Yellowstone Hotspot. GSA Bulletin, (October 2002),
vol. 114, no. 10, p. 1245-1256. Geological Society of America

Christiansen, R.L.
1984. Yellowstone Magmatic Evolution; Its Bearing on Understanding Large-Volume
Explosive Volcanism in Studies in Geophysics: Explosive Volcanism,, Inception,
Evolution and Hazards. National Academy of Press, Washington, D.C.

2001. Geology of Yellowstone National Park; The Quaternary and Pliocene Yellowstone
Plateau Volcanic Field of Wyoming, Idaho, and Montana. U.S. Geological Survey.
Professional Paper 729-G. Professional Paper, U.S. Geological Survey. Menlo Park, Ca.

Duncan, R.B. and Beckman, K. A.
2000. The Application of GIS Predictive Site Location Models within Pennsylvania and
West Virginia. In Practical Applications of GIS for Archaeologists: A Predictive
Modeling Kit. Edited by Westcott, K.L, and R. J. Brandon. Taylor & Francis, London
and New York.

Earth Resources Observation and Science (EROS) Center
2012. http://eros.usgs.gov/ accessed November 12th, 2011.

Elliot C.R. and Hektner M.M.
Wetland Resources of Yellowstone National Park. Yellowstone National Park, Center for
Resources, Mammoth, Wy (200)

Fournier, R.O.
1989. Geochemistry and Dynamics of the Yellowstone National Park Hydrothermal
System. Annual ReviewEarth Planetary Science, (1989), vol. 17, p. 13-5. Annual
Reviews Inc. Palo Alto, Ca

Frison, G.C.

1991, Prehistoric Hunters of the High Plains; Second Edition. Academic Press,
San Diego, Ca

180



Fritz, W.J.
1985. Roadside Geology of the Yellowstone Country. Mountain Press Publishing Co.
Missoula, MT

Fullbright, E.F., Ortega-S, A.J.
2006. White-Tailed Deer Habitat, Ecology and Management on Rangelands. Texas
A&M University Press, College Station, Tx

Gifkins, C.C., Rodney, A.L. and McPhie, J.
2005. Apparent welding textures in altered pumice-rich rocks. Journal of Volconology
and Geothermal Research. Vol 142 (2005) pp. 29-47. Elsevier

Gish, J.
2010. Pollen Residue from Five Sites in Yellowstone National Park. Paper presented at
the Plains Anthropological Society Meeting, Bismark, North Dakota. Missoula, Montana:
Department of Anthropology, University of Montana.

Green, T.J., Donat, L., Hilliard, J., Lockhart, J. J.
1995. A GIS Enhanced Cultural Resource Management System. Final Technical Report,
Arkansas Archeological Survey.

Huerta M.A.
2008. Postglacial Vegetation, Fire, and Climate History of Blacktail Pond, Northern
Yellowstone National Park, Wy. Master Thesis, Montana State University, Mt

Hofmann, M. and Hendrix, M.
2011. Geomorphology and sedimentology of selected areas along the eastern margin of
Yellowstone Lake, Yellowstone National Park, Wyoming: Results from the 2010 field
season. Submitted to YNP Cultural Resource Branch by University of Montana,
Department of Geosciences. Manuscript on file YNP, Mammoth, Wyoming.

2012. Geomorphology and sedimentology of selected areas along the eastern and
southern margins of Yellowstone Lake, Yellowstone National Park, Wyoming: Results
from the 2010 and 2011 field season. Submitted to YNP Cultural Resource Branch by
University of Montana, Department of Geosciences. Manuscript on file YNP, Mammoth,
Wyoming.

Holdahl, S.R. and Dzurisin, D.
1991. Time-dependent Models of Vertical Deformation for the Yellowstone-Hebgen
Lake Region, 1923-1987. Journal of Geophysical Research, (February 10, 1991), vol.
96, no. B2, p. 2465-2483. American Geophysical Union

Johnson, A., Reeves B., and Shortt, M.W.

2004. Osprey Beach: A Cody Complex Camp on Yellowstone Beach. Lifeways of
Canada, Calgary, Alberta, Canada

181



Johnson, A. M. and Lippincott.K. A.
1989. 1988 Post-Fire Archeological Assessment: Prehistoric Sites, Yellowstone National
Park. On file, Midwest Archeological Center, Lincoln, Nebraska.

Johnson, Ann, Reeves, B., and Shortt, M.
2004. The Osprey Beach (Site 48YE409/410), Yellowstone National Park, Wyoming.
Report on file at the Yellowstone Center for Resources, Yellowstone National Park,
Mammoth, Wyoming.

Kelly, R.L.
2007, The Foraging Spectrum; Diversity in Hunter-Gatherer Lifeways, New York, A
Davidson of Eliot Werner Publications

Kile, D.E.
2002. Occurrence and Genesis of Thunder Eggs Containing Plume and Moss Agate.
Rocks and Minerals. Vol 77 pp.252-268. Taylor and Francis Ltd. Bristol, PA

Krist, F.
2006, Multicriteria/Multiobjective Predictive Modeling: A Tool for Simulating Hunter-
Gatherer Decision Making Behavior. In GIS and Archaeological Site Location Modeling,
edited by Mark W. Meher and Konnie L. Wescott pp. 335-353. CRC Press, Boca Raton,
Fl

Kvamme, L.
1989. Geographic Information Systems in Regional Archaeological Research and Data
Management. Journal of Archaeological Research, Vol. 7, No. 2, 1999

1990. Archaeology One-Sample Tests in Regional Archaeological Analysis: New
Possibilities through Computer Technology. American Antiquity, Vol. 55, No. 2 (Apr.,
1990), pp. 367-381

1995. A View From Across the Water: the North American Experience in Archaeological
GIS. In Archaeology and Geographical Information Systems: a European Perspective.
Edited by Gary Lock Zohnah Stancic. Taylor and Francis Ltd. Bristol, PA

1999. Recent Directions and Developments in Geographical Information Systems.
Author(s): Kenneth L. Kvamme Source: Archaeological Method and Theory, Vol. 1
(1989), pp. 139-203

2006. First Age of Computer Modeling: A Personal Narrative. In GIS and Archaeological
Site Location Modeling. Edited by Mark Mehrer and Konnie L. Wescott. Taylor &
Francis, Boca Raton, FL

2006, There and Back Again: Revisiting Archaeological Locational Modeling. In GIS

and Archaeological Site Location Modeling, edited by Mark W. Meher and Konnie L.
Wescott pp. 3-38. CRC Press, Boca Raton, FI

182



Landis, J. R. and Koch, G. G.
1977. The measurement of observer agreement for categorical data. In Biometrics. Vol.
33, pp. 159-174

Lillesand, T.M., Kiefer, R.W. and Chipman, J.W.
2008. Remote Sensing and Image Interpretation 6™ edition. John Wiley & Sons,
Hoboken, NJ

Livers, M.C. and MacDonald, D.H. (a)
(a) 2011. 2010 Montana Yellowstone Archaeological Project Yellowstone Lake East Shore
Class III Archaeological Survey. Department of Anthropology, The University of
Montana, Missoula, MT

(b) 2011. 2010 Montana Yellowstone Archaeological Project
Archaeological Assessment of Fishing Bridge Developed Area Utility Upgrade Projects:
Waste Water Treatment Plant Lift Station Line Replacement and Fishing Bridge Museum
Water line Upgrade. Department of Anthropology, The University of Montana, Missoula,
MT

Lock, G. and Harris, T.
2006. Enhancing Predictive Archaeological Modeling: Integrating Location, Landscape
and Culture. In GIS and Archaeological Site Location Modeling. Edited by Mark Mehrer
and Konnie L. Wescott. Taylor & Francis, Boca Raton, FL

Locke W.L. and Meyer G.A.
1994. A 12,000-year record of Vertical Deformation Across the Yellowstone Caldera

Margin: The Shorelines of Yellowstone Lake. Journal of Geophysical Research;
(October 10, 1994) vol. 99, no B10, p. 20,079-20,094. American Geophysical Union

MacDonald, D.H.
2012. Montana Before History; 11,000 Years of Hunter-Gatherers in the Rockies and
Plains. Mountain Press Publishing CO. Missoula, MT

MacDonald, D.H., and Livers, M.C.
2011.2009-2010 Montana Yellowstone Archaeological Project Survey and Evaluation of
Sites Along Yellowstone Lake’s Northwest Shore. Department of Anthropology, The
University of Montana, Missoula, MT

MacDonald, D.H., Livers, M.C., and MclIntyre, J.C.

2012. Understanding the Role of Yellowstone Lake in Prehistory of Interior
Northwestern North America. Current Research in the Pleistocene. (pending publication)

183



McCall G.S.
2006. Behavioral Ecological Models of Lithic Technological Change During the Later
Middle Stone Age of South Africa. Journal of Archaeological Science. (2007) vol. 34 pp.
1738-1751

McNair J.N.
1982. Optimal Giving-Up Times and the Marginal Value Theorem. The American
Naturalist, Vol. 119, No. 4 (Apr., 1982), pp. 511-529, The University of Chicago Press.

Meyer G.A. and, Locke W.L.
1986.0rigin and Deformation of Holocene shoreline Terraces, Yellowstone Lake,
Wyoming. Geology,; (August 1986) v. 14, p.699-702. Geological Society of America

Millspaugh, S.H. and Whitlock C.
2002. Postglacial Fire, Vegetation, and Climate History of the Yellowstone-Lamar and
Central Plateau Provinces, Yellowstone National Park. In After the Fires: The Ecology
of Change in Yellowstone National Park (L. Wallace, ed.). Yale University Press, New
Haven, CT

Millspaugh S.H., Whitlock, C. and Bartlein, P.
2000. Variations in Fire Frequency and Climate Over the Past 17 000 years in Central
Yellowstone National Park. Geology, (March 2000), v. 28; no. 3; p. 211-214. Geological
Society of America

Morgan, L.A., Shanks, W.C. III, Lovalvo, D.A., Johnson, S.Y., Stephenson, W.J., Pierce, K.L.,
Harlan, S.S., Finn, G.A., Lee, G., Webring, M., Schulze, B., Dithn, J., Sweeney, R., Balistrieri,
L.
2002. Exploration and Discovery in Yellowstone Lake: Results From High-Resolution
Sonar Imaging, Seismic Reflection Profiling, and Submersible Studies. Journal of
Volcanology and Geothermal Research, (2003), vol. 122 p. 221-242. Elsevier Science

Naunapper, Linda S.
2006. Archaeological GIS in Environmental Impact Assessment and Planning. In GIS
and Archaeological Site Location Modeling. Edited by Mark Mehrer and Konnie L.
Wescott. Taylor & Francis, Boca Raton, FL.

National Park Service, (NPS)
(a) 2010. Critical Nature of Spatial Data in Cultural Resource Management. Electronic

document, http://www.nps.gov/history/hdp/standards/CRGIS/spatial.htm, accessed
March 12, 2011.

(b) 2010. From Paper File to Digital Database Electronic document,
http://www.nps.gov/history/hdp/standards/CRGIS/paper.html , accessed March 12,
2011.

184



National Climatic Data Center, 2012
2012. United States National Oceanographic, Atmospheric Administration Space
Weather Data and Products. http://www.swpc.noaa.gov/Data/index.html; accessed
January, 2012

Park, R.J.
2010. A Culture of Convenience? Obsidian Source Selection in Yellowstone National
Park. Masters thesis. Department of Archaeology and Anthropology University of
Saskatchewan, Saskatoon, Can

Parry, W. and Kelly, R.
1987. Expedient Core Technology and sedentism. In The Organization of Core
Technology. edited by J.K. Johnson and C.A. Morrow. Westview Press, Boulder

Pierce, K.L.
1979. History and Dynamics of Glaciation in the Northern Yellowstone National Park
Area. U.S. Geological Survey, Geological Survey Professional Paper 729-F. United
States Printing Office, Washington

Pierce, K., Cannon, K., Meyer, G.,Trebesch, M. and Watts, R.D
2007. Postglacial Inflation-Deflation Cycles, Tilting, and Faulting in the Yellowstone
Caldera Based on Yellowstone Lake Shorelines. By Pierce, K., Cannon, K., Meyer, G.,
Trebesch, M. and Watts, R.D. Open-file report, U.S. Geological Survey, Northern Rocky
Mountain Science Center. Bozeman, MT.

Pierce, K.L., and Morgan, L.A.
1992. The Track of the Yellowstone Hot Spot: Volcanism, Faulting and Uplift, in Link,
P.K., Kuntz, M.A., and Platt, 1. B., eds., Regional Geology of Eastern Idaho and Western
Wyoming. Geological Society of America Memoir 179

Pierce, K., Cannon , K., Meyer G.,Trebesh M., and Watts, R.
2002. Post-Glacial Inflation-Deflation Cycles, Tilting, and Faulting in the Yellowstone
Caldera Based on Yellowstone Lake Shorelines. Open File Report. U.S. Department of
the Interior, U.S. Geological Survey. Denver

Pierce, K., Cannon , K., Meyer G.,Trebesh M., and Watts, R
2007. Post-Glacial Inflation-Deflation Cycles, Tilting, and Faulting in the Yellowstone
Caldera Based on Yellowstone Lake Shorelines, in Morgan, L.A., editor, Recent
Contributions to the Geology of Yellowstone, U.S. Geological Survey Professional Paper
1717.

Plumb, G.E., and Dodd, J.
1993. Foraging Ecology of Bison and Cattle on a Mixed Prarie: Implications for Natural
Area Management. Ecological Applications, Vol. 3, No 4(November, 1993), pp. 631-643.
Ecological Society of America

185



Reeve, S.A.
1989. Prehistoric Settlement of the Yellowstone Lake Outlet. Midwest Archeological
Center, National Park Service.

Reeves, B., Mitchell, F.,Thorson K, and Kjar, V.
2006. 1998 Archaeological Inventory East Side of the Yellowstone River Fishing Bridge-
Grand Canyon. On file, Cultural Records, Yellowstone National Park.

Richards, J. D.
1998. Recent Trends in Computer Applications in Archaeology. Journal of
Archaeological Research, Vol 6, No. 4, 1998

Sanders, P.H., and Wedel, P.D.
1997. The 1996 Class 11l Cultural Resource Inventory of the Bridge Bay to Lake Junction
Road, Yellowstone National Park, Project 785D(254H). Office of the Wyoming State
Archaeologist. Prepared for the National Park Service, Rocky Mountain Region, Denver.
On file, Wyoming State Historic Preservation Office, Cultural Records Office, Laramie,
Wyoming.

Sanders, P., Clayton, C. and Wedel, P.D.
2009. The 2008 Class III Cultural Resource Block Inventory and Limited Test
Excavations at the Lake Developed Area, Yellowstone National Park, Wyoming.
National Park Service, Intermountain Region, Denver, Colorado.

Saunders, A.D., Jones, S.M., Morgan, L.A., Pierce K.L., Widdowson, M., Xu, Y.G.
2007. Regional Uplift Associated with Continental Large Igneous Provinces: The Roles
of Mantle Plumes and the Lithosphere. Chemical Geology; (2007), vol. 241 p. 282-318.
Elsevier Science

Shervais, J.W., Schroff, G., Vetter, S.K., Matthews, S., Hanan, B.B., and McGee, J.
2002. Origin and evolution of the western Snake River Plain: Implications from
stratigraphy, faulting, and the geochemistry of basalts near Mountain Home, Idaho, in
Bill Bonnichsen, C.M. White, and Michael McCurry, eds., Tectonic and Magmatic
Evolution of the Snake River Plain Volcanic Province. Idaho Geological Survey Bulletin
30, p. 343-361.

Shortt, Mack W.
1999. YNP FHWA Archaeological Site Inventory-East Side of the Canyon to Fishing Bridge
Segment of the Grand Loop Road: 1998 Field Season Final Report. NPS, YNP, WY

Shortt, M. W. and L. B. Davis, editor.
2002. The Archeological Inventory of Portions of the south Shore of West Thumb and
Testing of the Osprey Beach Locality, Yellowstone National Park: The 2000 Field Season
Final Report. Museum of the Rockies, Bozeman, Montana.

186



Shullery, P.

1997. Searching for Yellowstone: ecology and wonder in the last wilderness. Houghton-
Mifflin, Boston, MA

Smith R.
2004. Geologic Setting of the Snake River Plain Aquifer and Vadose Zone. Vadose Zone
Journal, (2004) vol. 3 p.47—-58. Soil Science Society of America

Smith, R. B., and Bailey, L. W.,
1984. Crustal structure and evolution of an explosive silicic volcanic system at
Yellowstone National Park, in Explosive volcanism: Washington, National Academy of
Sciences, p. 96-109.

Smith, R.B. and Siegel L.J.
2000. Windows Into the Earth; The Geologic Story of Yellowstone and Grand Teton
National Parks. Oxford University Press, New York, NY.

Surovell, Todd, A.
2009. Toward a Behavioral Ecology of Lithic Technology; Cases from Paleoindian
Archaeology. The University of Arizona Press. Tuscon, AZ

Stanley, Steven M.
2005. Earth System History second edition. W.H. Freeman and Company. New York,
NY.

Stupka-Burda, Stacy.
1995. Archeological Inventory and Site Evaluation of Bridge Bay Campground,
Yellowstone National Park, Wyoming. Rocky Mountain Region Archeological Project
Report. On file, National Park Service, Midwest Archeological Center, Lincoln,
Nebraska.

Thackray, G.D., Lundeen, K.A., and Borgert, J.
2004. Latest Pleistocene alpine Glacier advances in the Sawtooth Mountains, Idaho,
USA: Reflections of Midaltitude Moisture Transport at the Close of the Last Glaciation.
Geology, (march 2004); vol 32 no. 3, pp 225-228. Geological Society of America.

Thoms, Alston V.
2008. The fire stones carry: Ethnographic records and archaeological expectations for
hot-rock cookery in western North America. Journal of Anthropological Archaeology
vol. 27 pp. 443-460. Elsevier. Amsterdam

Trimble Mapping & GIS Division
2010. GPS and GIS Technologies Speed Assessment of Historic Sites in Post-Katrina
New Orleans. Trimble Navigation Limited. Electronic document,
http://www.trimble.com/mgis/customer_stories.aspx accessed March Ist, 2011

187



Turner, M.G., Romme, W., Tinker, D.
2003. Surprises and Lessons from the 1988 Yellowstone Fires. Front Ecol Environ
(2003) vol. 1 no.7 pp 351-358. The Ecological Society of America

U.S. Geological Survey. Biological Resources Division.
2005. Plant Biomass and Primary Production on Bison and Elk Ranges in Yellowstone
National Park - Data Synthesis and Ecosystem Modeling (December 2005), by Michael
B. Coughenour. Open-file report, U.S. Geological Survey. Bozeman, MT.

Watkins, J., Manga, M., Huber, C. and Martin, M.
2009. Diffusion-controlled spherulite growth in obsidian from H2O concentration
profiles. Contrib Mineral Petrol. Vol 157 pp. 163-172. Springer Verlag

Wheatley, D. and Mark G.
2002. Spatial Technology and Archaeology; the Archaeological Applications of
GIS.Taylor and Francis. London and New York.

Whitlock, C.
1993.Postglacial Vegetation and Climate of Grand Teton and Southern
Yellowstone National Parks. Ecological Monographs. Vol. 63 pp. 173-198.

Whitlock, C. and Patrick J.B.
1993. Spatial Variations of Holocene Climatic Change in the Yellowstone Region.
Quaternary Research Vol. 39 231-238.

Whitlock, C., Bartlein, P.J., Van Norman, K.J.
1994. Stability of Holocene Climate Regimes in the Yellowstone Region.
Quaternary Research (1995) vol. 43, pp. 433-436

Wicks. C.W., Thatcher, W., Dzurisin, D., and Svarc, J.
2006. Uplift, Thermal Unrest and Magma Intrusion at Yellowstone Caldera. Nature,
(2006) vol. 440.

Vivian, B., Mitchell, D., Thorson, K. and Johnson, A.
2007. Archeological Inventory of Yellowstone Lake Shoreline Survey: Solution Creek to
the Southeast Arm, Lifeways of Canada Limited, Calgary, Can.

Voland, E.
1998. Evolutionary Ecology of Human Reproduction. Annual Review of Anthropology.
vol. 27. pp 347-374

Winterhalder, B. and Eric, S.A.

2000. Analyzing Adaptive Strategies; Human Behavioral Ecology at Twenty-Five.
Evolutionary Anthropology.Vol. 9 no. 2, pp. 51-72

188



Zeanah, D.W.
2010. Sexual Division of Labor and Central Place Foraging; A Model for the Carson
Desert of Western Nevada. In Evolutionary Ecology and Archaeology. Edited by Jack M.
Broughton and Michael D. Cannon. The University of Utah Press. Salt Lake City, UT.

189



