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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).  

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’.
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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.
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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 48YE549 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). 
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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 



153

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. 



167

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 48Y678 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 MYAP

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.
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